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ABSTRACT: In view of the rapid postwar economic advance of Finland, the
purpose of this paper is to analyse the adoption and diffusion of 'new'
industrial processes and to assess the technological level of the
Finnish industry. This is done on the micro level, by studying the
introduction and spread of a dozen major postwar process innovations in
the steel, materials, consumer goods, 'high tech' and energy industries.
International comparison is the main method-used to assess Finnish
willingness to innovate (how soon adoption followed the innovator), the
speed and the present level of diffusion. Various measures are used to
tentatively quantify these aspects and to fit the Finnish data into the
international background. The message of the study is that Finnish
industry was not particularly quick to adopt new technologies developed
elsewhere - although in some areas such innovations had been almost
immediately introduced - but once the new technology was adopted its
spread was very rapid. The most recent (1985-6) level of diffusion of
the selected technologies is high; in some of the 'high tech' cases-
there appears to be some lag but these branches have recently been
advancing fairly rapidly; and there are a few sectors where Finnish
enterprises have become world leaders.

KEY WORDS: diffusion of innovations, technology transfer, technological
level, international diffusion, Finnish industry, Finland.






THE DIFFUSION OF TECHNOLOGY IN FINLAND

GEORGE F. RAY

Contents:

Preamble: the Finnish scene

Introduction .. e , .

The scope cf this study ..

The method in detail . -

The technologies studied
The steel technologies
Special presses in papermaking
Tunnel kilns in brickmaking
Float glass
Shuttleless locms in cotton-type weaving
Gibberellic acid ia malting/brewing
¥ew plate-cutiing methods in shipbuilding
Numerically-contrcolled machine tools
Industrial rctots
Flexible/automatic manufacturing systems
Nuclear electricity

Assessument

Concluding thoughts

Page






N

During the last seventy years Finland has developed into a progressive,
industrialised country, with the result that by the middie of the 1980s the
level of its economic development as measured by GDP per head at current
exchange rates was comparable to that of Germany, ahead of most European
countries (table 1. And although Finnish national output per head is
still the lowest amongst the Nordic countries, the historically huge
differences have disappeared: they are now relatively small - 14 per cent
against oil-producing Norway and only 9 per cent as compared with Sweden,
the undisputed leader in the Nordic camp.

The Finnish econaomic achievement becomes even more significant if set

against the country's more remote past: around 1910, 80 per cent of the

1]

economically-active population was employed in the primary sector -~ in
agrarian Denmark this prorvortion was only 3% per cent, whilst in the same
year Sweden already employed ocne third of its labour force in indusiry.

The latter share was not attained by Finland until 1970, sixty years later.
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Estimates 2f national incocme levels for the early zari of the 12%ih century
are uncertain, but according to some estimates Finland was at that time one
of the poorest areas of Europe.“'> What we do kncw on the btasis of mare
reliable later data is that - quoting Vartia and Vuori‘#®® - "“in GDP per

capita terms Finland had been above the average Zuropean level already

befcre the war and the prewar cutput level of 1235 was again reached in



Recent calculations of the OECD also show how much nearer Finnish
productivity is now to that of her Nordic neighbours <(cr indeed to the
leading USA) than it was only 25 years ago. These estimates (table 2)
concern labour productivity in the business sector of the CECD countries
based on purchasing-power parities. (No correspondence can be expected
between the data in tables 1 and 2 because of varying exchange rates and
the effect of including purchasing-power parities in the estimates
underlying table 2.)

Thus, the economic development of Finland, although starting late and
from a low level, has certainly been impressively rapid. The bulk of it
occurred after the 1939-45 War, a periocd filled with traumatic experiences
for the Finnish people. Finland eventually emerged from the war burdened
with substantial reparation commitments which obliged her to deliver a wide
range of specifically detailed products. These commitments exceeded by a
considerable amount the then available industrial potential of the country
and forced its marked extension; this required great effort and sacrifice,
leading Landes to remark in his classical study of economic and

technological progress that the American press, "never failed to laud

Pt

ittle, honest Finland for punctually meeting her engagements". <<+’

Having overtaken the combined level of other UFNordic countries
(Denmark, Norway and Sweden) in the late 1960s, the share of manufacturing
in Finnish GDP reached 1its peak in 1974, when it was 29 per cent, as

against 22 per cent in Scandinavia; in the early 198Cs <his Finnish
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indicator remained similarly higher than that of the ot}
and was almost exactly identical to the average of all other OECD

countries, <=°



Table 1. GDP per person

1986 levels and exchange rates

) 1 =107

Switzerland 20.4 142
USA 17.2 119
Norway 16.4 114
Denmark 16. 1 112
Sweden 15.7 109
Iceland 14.9 103
Germany 14,7 102
Finland 14.4 100
Canada 14.0 Q7
Luxembourg 13.3 92
France 12.8 89
Austria 12.3 37
Netherlands 11.9 83
Belgium 11.4 79
Italy~ 10.53 73
UK 9.95 87
reland 6.9 43
Spain 5.9 41
Greece 4.0 | 28
Portugal 2.8 19
Source: QECD, as given on p.4 of 'The Nordic alterna<ive', The Eccnomist,

21 November 1987,



Table 2. Labour productivity levels=

Finland = 100

1960 197Q 1980 1085

Finland 100 100 100 100
Denmark 140 118 106 106
Norway 154 132 133 134
Sweden 155 138 124 129
Austria 96 100 106 104
Belgium 132 126 130 127
France 120 124 128 130
Germany 128 126 123 128
Greece 46 5/ 72 62
Ireland Wi 81 g 83
Italy 109 136 131 122
Netherlands 168 159 154 153
Spain 102 101 115 117
Switzerliand 197 170 134 129
UX 152 121 108 107
Canada 215 173 151 147
USA 307 234 175 183
Japan 77 93 plioll 104

Source: OECD. (See Zconomic Cutlook, no. 43, December 1987, table 23, page
45.)

(a) Figures concera the busipess sector and are based on purchasing-power
parities for 1985. Productivity is calculated as real output divided by
total employment.



Table 3. Finnish energy consumption®

Million tonnes coal egquivalent
Commercial of which: Non-commercial Total
energy* primary energys
electricity®
1949 3.9 1.8 5.6 9.5
1673 23.3 1.8 7.0 30. 37
1985 25.6 4.3 8. 4= 34.0¢

Source: UN, 'WVWorld energy supplies', various issues.

(a) Coal, petroleum, natural gas and primary energy.
(b) Hydrc and nuclear electricity. The official
equivalent occurs "on the basis of prevailing efficiencies of central
electric stations"; in 1949, 1000KWh was taken as eguivalent toc 0.6 tonnes
of coal, in 1973 and 1985 as 0.123 tonnes.

(c) Fuelwood, peat, other wood and industrial waste materials.
(d) Estimate. (To be revised.)

(UN) conversion to coal



Perhaps nothing demonstrates better the changes on the Finnish scene
than the growth of the country's consumption of commercial energy: its
ievel in the last decades was so much higher than in the interwar years
(and those immediately after the war) that it illustrates a difference in
kind - and not only in degree - due to the changed structure of the economy

and to the marked rise in Finnish standards of living (table 3).

Introduction

Almost four hundred years ago, Francis Bacon, one of the architects of the
scientific revolution, wrote 1in his 'Novum Organum', "The ©benefits
inventors confer extend tc the whole human race". Inventors are scattered
all over the world; their inventions, when they materialise, become
innovations, and it is by means of diffusion that 'the human race'
benefits.

‘The human race' is a vague concept: it is fragmented into nations; so
too is the world fragmented, geographically, into countries like Finland.
Assuming that these inventions/innovations are 'Good Things' and relatively
frsely available, the degree oI  Dbenefits conizsrred cdepends aon the
willingness of +the relevant pecple 1in any cocuntry - civil servants,
industrialists and other businessmen - to adopt the novelties, and on the
speed at which they are disseminated across the board, throughout the whole
economy.

Any major innovation, whether an industrial process ar product, or any

new method in the non-industrial sphere, 1is bound toc be superior to the
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earlier technology in some sense; it can reduce the labour or other input
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provide a new product or service - otherwise it would not have succeeded.

It follows that the adoption and wider diffusion of such an innovation

helps to increase the efficiency of the economy.

iy e f is st

Many factors have contributed to the rapid econcmic development in Finland.
Innovative spirit was one of them; this, however, poses problems. The
first question is: how to define 1it? The second question is haow to
quantify it.

The various methods of estimating, usually at macro level, the
contribution to economic growth by quantifiable factors - labour and
capital - are well known. The fact that the residual between actual graowth
and the amount which could be imputed to these factors as the joint
contribution of technological progress, improved management methods, better
work organisation, 'learning by doing' and all other unguantifiable factors
is also obviaous.

This ‘'residual' approach cannot account for more than a limited
explanatory value - some «call the residual the ‘coefficient of

ignorance', <®” because it reflects the impact of a mixture of influencing

factors which defy disentangling. Nevertheless, this approach deserves
menticn here for two reasons. First, it gives a quantified idea of the

effect on the rapid growth of the Finnish econcmy of factors other than
labour and capital input; and secondly, recent research work in this area
at ETLA provides all the relevant data. For convenience, these data are

reproduced in table 4 in summary form.



Table 4. Contribution to the growth of manufacturing production in Finland

3V o —~a
1960-73 1973-86

Output growth 6.3 3.0
Contribution of:

labour 0.7 -0.8

capital 2.2 1.0

all other (residual®) 3.4 2.8
Residual as % of total 54 93

Saurce: Ref. (9), table 3.

(a) Called 'total factor productivity' in tke source.

Table 5. The 'residual' contribution in per cent of cutput grawth

Iindustry: Food Textiles & Wood Paper & Chemical Basic  Metal
clothing pulp aa rodu

Period:

1960-73 42 95 82 57 37 42 55

1973-86 91 320 {al 148 97 8¢ 72

Source: as for table 3.

(a) Negative growth = -0.1%; ‘residual' +1.7% a year.



According to these calculations, in the period spanning 1960-73 about
one half of the growth in Finnish manufacturing, and in 1973-86 almost all,
was due to factors other than capital and/or labour. The contribution of
this 'residual' varied greatly by industry but it was substantial in each
branch, in some cases - where employment actually fell - exceeding the
extent of growth (table 5); and it was consistently higher in the second,
recent period than in the first.

Technological preogress and the adoption and diffusicn of innovation
must have accounted for a considerable part of this 'residual' contribution
but it is difficult to separate reliably the impact of innovative activity
from all other factors summarily included in the 'residual’

Therefore another, more direct approach had to be applied, starting naot
from the macro level but from the micro one: the innovations themselves.

A number of important postwar innovations have been selected for closer
study. (The selection was slightly influenced by Zhe availability of data

for international compariscn.) Two most noteworthy facts were required for

each of these innovations: tize date at which it was first adopted in

Finland, and a measure of the speed and degree of diffusion throughout
Finnish industry. Informaticn of this kind is not generalliy available from

the usual statistical sources; it had to be specially collected for this
purpose.

Comparing Finnish and international data in varicus ways - the date of
introduction of scme new technclogy in Finland compared to the date of the

original inncvation, the speed cof diffusion and its dezree related to the

(3]

situation in other ceountries - should give a fairly gocs idea of the



‘.10_
attitudes and achievements of Finnish industry in the area of innovations,
and the introduction and dissemination of new technologies.

Two major points should be remembered, however, First, 1f it were
possible to collect the required Dbasic information - Finnish and
international - far all major and minor new technologies and innovations in
all industries in a certain period (say, the postwar decades) and,
moreover, in some way to quantify their impact on growth as well as somehow
construct a scheme for international comparison, then a complete assessment
could result, indicating the contribution of inncovative activitiy to growth
as well as Finland's place in the international league. The practical
difficulties of such a maximalist approach are, however, obviously
insurmountable.

Secondly, it must be borne in mind that intermational comparison in the
sense described is not like an Olympic race. The economic or saocial
environment cf each country - and often each company - 1is different;
indeed, it can be so different that an innovation, a new technolcgy or any
other novelty which appears most beneficial in one country or one company
may be rejected, or its adoption delayed, on very raticnal grounds, in
another. Bearing this caveat 1in mind, it 1s nevertheless believed that the

analysis of a nuzber of cases may illustrate the Finnish position in a

useful manner.

inland's innovative eiforts can only be assessed by means of international
comparison. For <his purpose two types of data have been used: Finnish
data, collected frcm industrial statistics and special local inguiries by

STLA; and interma=ional data which, though originating from many sources,
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basically stem from a number of publications,*” *= ' which together cover
almost the full circle of the diffusion of certain major innovations from
invention to saturation.

These studies, as reflected by their titles, analyse selected major
postwar process imnovation - that is, new technologies, in various phases:
when tbhey were new; later in their mature stage; and finally when
approaching saturation. Work on them has been continuing, though with
major interruptiomns, for twenty years (1967 to 19388).

The original cbjectives of the first of three rounds of the afore-
mentioned studies were to assess the scope and extent of the diffusion of
selected, +then new, industrial technologies in a number of countries
(Finland not being among them); to establish the international differences
in the level and speed of their diffusion; and to make an attempt to
account fcor +the differences between <countries. Ten 1new processes,
introduced in the iwenty years after the end of the war, were selected for
the inquiry, which was conducted on parallel lines in several countries.
Sach technology was described in detail, including its characteristics and
advantages, 1n separate chapters. The reports‘” =’ pinpcinted considerable
differences in the date of introduction and also in the following diffusion
cf the new processes. This led to the cautious suggestion that diffusion
might have %ended tc be slower in the pioneering ccuntries (which had to
deal with teething Iroubles) and faster in the more en%erprising followers.

Many factors were found to influence the adoption and diffusion of new
techniques, such zs overall profitability (stemaming from labour-saving,

energy conservaticz or improved usage of materials, increased yield, higher



quality, etc.); relative wages and ather factor oprices; market
characteristics, institutional differences; the nature of the industry; and
management attitudes. Some could be econometrically verified, others not.
The second round of research continued to survey the same technologies
in their mature phase. The emphasis was less on international comparison
(although that was not neglected) than on the further development of the
technologies (i.e. incremental innovations), +%he survival of the earlier

technology and any specific factors hindering or promcting the spread of

o

the once new, and by then mature, technclogy.<® '

The third round‘''® completed the circle: it followed the same
technologies to the last phase, when they attained a high degree of
penetration, eventually approaching saturation.

For some of these technologies saturation is the end of the staory - but

only of thig particular story: the progress of technology does not end

there. As the once new technique beccmes conventional and traditional,
saturating the market, socner or later something newer may, and very likely

3

ill, emerge to replace it.
The aim of this study is to assess Finland's place as compared with %he
international background as illustrated Dby these and some other

technologies.

A brief description ocf the 'new' technologies Zcllows; there would seem
to oe no need to zo into greater detail, mainly bdecause the technologies
selected are fairiy well known, but also in view of the detailed accounts
in the published scurces quoted. Short chapters discuss the adoption and

d¢ifiusion of each <echnology in Finland, in soze cases extending to

additional relevant aspects; this leads to some texnfative conclusions.
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The technologies studied
Each of the technologies covered in this study was new scme time after the
war. The research work that led to their application might have gone back
in some cases to earlier years, but they are all considered postwar
navelties: that is, the first commercial use o0of <the iancvation by the
ploneering company anywhere in the world occurred after 19495. Other
companies in the same country and elsewhere could have taken over the new
technology later on; for them it was new, an inncvation, though otherwise
it would be ccansidered a case of transfer of technclogy or the diffusion of
innovation.

The technologies (or innavations, or new processes) studied fall into
five groups:

4) The steel industry
1. Basic oxygen steelmaking (EOP)

This teckhnigue, inatrcduced in 1992 in Ausiria, revoiutionised
integrated steelmaking and has now almost wholly replaced the earlier
dominant open hearth (Siemens-Martin) system.

2. Ccntinuous casting (CO

A CC machine replaces three stages of %the conventicna

processing liquid steel into semi-finished products: the casting of ingot



2} Materials
3. Special presses in papermaking (SP)

More efficient water removal from the 'wedb' (the dispersicn of fibres
in water) was the purpose of these various types of presses, allowing the
paper machine to be run faster, thereby raising its production capacity.

4. Tunnel kilns in brickmaking (TXK)

Traditionally, bricks were burnt in Hoffmann-type kilas, consisting of
a series of chambers. The fire was started in one chamber and when the
bricks there had been burnt, it was moved <o an adjacent chamber,
continuing alcong the circuit. The bricks were statiorary - the fire was
maving. The arrangement of the tumnel kiln is exactly the opposite: the
fire is staticnary and the bricks move through the firing zone.

0. Flcat glass (FG)

fu—

This technique, introduced in Britain in 1959, was an entirely new

concept in flat gziass procduction, First i% was used {for making plate

(thicker) glass. By entirely bypassing the annealing, grinding and
. PR - Bl S <= £ hr & -_

polishing steps - Zelicate cperations with a very high risk ol breakages

5 < =Vl R ‘ pre A pem=m o L3 vefora i
it represented a vastly superior fechnigue 2Juz 1T wWas SDI€ Tlme DJ€iCrIe

C)> Consumer goods

6. Shuttleless looms in cotton-type weaving (SL)

H

3 : 3 Y 3 = 1 +x
Since their iantroduction in the 1950s, all the main types 0
shuttlelesz looms were develcped further and gradually started to replace

il eed > A o ~F
the old automatic sauttle locm. SLs are labour saving, produce rfabrics of
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high and wuniform quality, and reduce noise in the weaving shed, that
unavoidable nuisance of the shuttle loom. Gradual development has reduced
the original disadvantages of the new looms and increased their
flexibility.

7. Gibberellic acid in malting/brewing (GA)

The conversicn of grain into malt is signficantly accelerated by the
application of gibberellic acid at the beginning of germination, the rasult
being savings in time, increasad yields and better guality.

D) High technolagy

8. New plate-cutting methods in shipbuilding (PO

The new methods were, in this order, optical 1lofting, photo-
electrically-controlled cutting and numerical control by tape programming.
These were introduced from 1950 onwards and greatly eased the cutting of
heavy steel plate, the 'tailoring' to design of <he main shipbuiliding
material. The novelties turned into 'aigh technclogy' when the whole

cutting operatian became computerised.

9. Numerically-ccnirolled machine %tools (NCND)
The study was restricted to XNCHMIs in metalworking. The 1input of

N

numerical data into the machine, and the coatrol of its action by <he
instruction transmitted, was computerised early in the 1970s; this helped
to extend greatly the viability and efficiency of NC¥Ts.

10. Industrial robots (IR)

)
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11. Flexible/autcmatic manufacturing systzms
These are relaiively recent applicaiions of microelectronic control.

Each of these iwo techniques is at a relatvively early stage of diffusica.
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12, Nuclear electricity (¥B)

Even the opponents of nuclear power generation admit that FE is one of
the great innovaticns of this century. The minor troubles and major
disasters (particularly Chernobyl) as well as the unsolved praoblens
surrounding the eventual dismantling of nuclear power stations throw naw,
with the benefit of hindsight, a light on nuclear electricity which is
markedly different from the general views in earlier years when nuclear
power was 'en vogue',

L A

Vhilst in the case studies that follow we attach considerable
importance to the original innovation, let it be underlined at the outset
that without significant incremental innovations probably none of the

2 . 3
H

technologies studied would have achieved the widespread diffusion it

2

actually did. In the course of its wider adoption (and also simply as a
consequence o0f ‘'learning by doing') the new process has usually been
further improved and developed by means of minor, often gradual, changes
and additicrnal innovations. These were aimed at widening the area of
adaptability of <he new technolcgy, extending the scope of its operation

and/or raising its efficiency.

Incremental innovations enabled the oxyzen process %o cope with ores of

attained Dby *he ZIloat process would ave been unthinkable without its

extension Ircm thick plate to the making of thinner window glass., Many



additional changes were required before shuttleless looms could handle
almost the whole array of textile fabrics, including those of many colours
or special structure. The rapid development of the control mechanism and
significant changes in machine tool design have made numerically-controlled
machine tools almost universally acceptable.

Incremental innovations, in the above sense, were important in all the
cases studied here. In the case of one of the processes studied, the
development was indeed so important that the original innovation lost its
validity: the then new plate-marking and cutting methods in shipbuilding
were replaced by computer; the idea remained but the instrument changed,
reflecting the rapid progress in technology and the science underlying it.

Similarly, it was rapid progress that led to a change of opinion over a
period of time with regard to the importance of two of the processes
coverad: special presses in papermaking and gibberellic acid in malting.
Over twenty years ago (when the work on the studies guoted first started,
serving the bases for international compariscn¢” #’) industrialists and
technclogists considered them %o be zajor iancvations in their industries;
now, with <he passage oif time, thsir view f{ai least 1in Finland) is
differen®t, interpreting %these changes in *the productive process as almost

routine developments, inncovations of seccndary importance.




manufacture in the following two decades. BOP gradually replaced the
generally applied open hearth (Siemens-Martin) method, rather as the latter
was substituted earlier this century for the Bessemer converters.

BOP made a slow start: it was not until 1937 that a larger number of
steelworks in various countries introduced it and wider diffusion occurred
from 1960 onwards, when world production of oxygen steel crudely dcubled
every two years, exceeding the 100 million tonnes mark in 1966. 3By then
BOP accounted for about two thirds of all crude steel output 1in three
countries: Japan, the Netherlands and Austria, the pioneer. All octher

countries were lagging behind.
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In Finland, BOP was introduced in 1968. Finnish steel output in 1969
was almost cne million tomnes; 30 per cent of that output came from
electric furmaces, the new BOP converters produced 54 per cent and the
remaining 16 per cent was accounted for by *traditional open hearth plants.
In the same year, the conventional methaods st;ll accounted for a higher
share of national cutput in North America and in most European ccuniries.
By adcpting BCP on a fairly large scale in 1968, the Finnish steel industry
raised its technological level in a sudden jump. It compared favourabdbly
with other XNordic producers (table 6) and the new plants praovided a gocd
base for the industry's subsequent major expansion.

The Finnish steel industry grew rapidly in the 1970s: its output rose
from one million tonnes in 1969 to around 2% million tonnes at the turn ci

the decade and 2.6 million +tocnnes in 1984, This 1is particular
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notewcrthy when set against the depressing wider background: iIrom
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1982 *otal crude steel output in the Western world fell by one fifth. Al
the expansion in Finland originated from the new 20P technology (Table 7).

1968 was also the year of the intrcduciiocon in Finnish WwWCris the

M,

o
other major steel innovaticn, c¢oniipucus cagiiag (CC). By then the initial
troubles associated with this technology had been sorted
adcption for the manufacture of bulk steel - as distinct from special stee
- had alsc been resclved. Nevertheless, CC was still in
although known since its £first introducticn (for special steels) in
Austria, the quantity of continucusly cast steel was small; only in Sweden,

where CC starzed in 1963, did its share aporcach 10 per cent of crude stee
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Table 6. The Nordic steel indusiry in 1962 and 1379-
! 3 S =

Denzark Finland Yorway Sweden
Crude steel output,
million tonnes
1969 0.48 0.98 0.85 5.32
1979 0.80 2.46 0.92 4.73
Share in Nordic
production®
1969 6 13 11 70
1979 9 28 10 93
Share by technology®
1963 cpen hearth 96 16 - 25¢
electric 4 30 54 41
BCP - 54 46 33
1979 open hearth 29 = - 6
electric 61 14 47 41
B0P = 86 53 53

Source: Annual Bulletin of Steel Statistics for Eurcpe, UN, ¥ew York.

(@) 1969 was the first year of fully operational BCP plants in Finland, aad

1979 the first year without any output from the traditicnal (open hearth)
Yy E

method.

(%) Per cent.

(¢ Including the Thomas systen.

table 7. Crude steel output in Finland, 19€9-:984

1969 1972 1975 1978 1981
Total cutput 1.0 1.5 1.6 2.3 2.4 2.6
0f which:
open hearth 0.2 0.1 0.1 (a? = B
electric 0.3 0.3 0.3 0.3 0.3 0.4
BOP 0.5 1.1 1.2 2.0 2.1 2.2

Source: As fcr tables 6.

(a) Less than 0.05.



In Finland, CC machines complemented the new BOP installations. The
two major new technclogies progressed almost hand in hand; CC's share in
output moved nearly parallel with that of 2CP,

By 1975, <three quarters of Finnish crude steel was continuously cast,
the highest diffusion in the Nordic countries and probably in the world
(the CC share in that year was 31 per cent in Japan, around 25 per cent in
Germany, Italy and Spain, 21 per cent in picneer Austria, and less
everywhere else). Ten years later, in the mid-1980s, CC reached
practically near saturation in Finland (table 8). Only in Japan, Austria

and Denmark was the 1985 diffusion rate similarly high.

S ial . K (SP)
Before turning to this technology in detail, three points should be
discussed briefly in order to characterise the Finnish paper industry.

First, fcrests are Finland's most izmportant rescurce; their importance
in the country's life has been paramount from all angles. The farest
industries were in the past the leading exporters and have remained one of
the chief pillars of Finnish export earnings ever since.

One of the natural endeavours has been to process the primary product
of the forests - wood - into gradually more refined forms: sawnwood,
woodpulp and paper (concentrating here on *he main prcduct stages?. This

roac has been faollowaed with remarkable success: in 885, Finland was the

-

fourth largest producer of newsprint in the worid (with an output of 1.8
ilicn tcnnes) behind Canada, the US and Japan; and the sixth larzest

procucer in the worid of other paper and bcard (5.6 million tonnes) - in
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both cases slightly ahead of Sweden. '’ Paper and board now account for
two thirds of all forest product exports - a result of gradual development
over more than a hundred years (table @).

Secondly, the «capital stock in the Finnish paper industry 1is
relatively very ycung, possibly the youngest in the world, The average
size of Finnish mills is very large - much larger than Swedish or American
plants <(table 10); this is not a new situation - the proportions have
changed little in the past twenty years.

Thirdly, Finnish ccmpanies engaged in the production of papermaking
machinery have for some time been one of the world leaders. One economic
historian wrote that by the mid-1960s, "12 per cent of the world's
papermaking machinery was being bought from Finland".<'=’

These three points have an important bearing on the case study of the
innovation of special presses on paper machines. The (non-Finnish)
industrial experts approached over twenty years ago considered this
innovation as beiag of importance; this was the reason it was selected for
study, starting with the detailed descripticn of the innovation in the main
report. -’ According to the same source, the innovators were Swedish and
US firms in this case.

By now the technology of special presses is regarded by industry
experts as having been of relatively minor importance in an histarical
perspective. There are nowadays a number of solutions to the problem that

special presses were supposed to tackle; some of these new approaches take
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ent form, making it rather difficult toc identify SPs in their
= (a]

riginal form azy mare. It is <cimilarly difficult to quantify the

diffusion of the 3P technclogy in the usual form.



Table 8. CC in OECD countries

19 1
(1) Nordic countries
Denmark 43 73 100
Finland 76 90 94
Sweden 22 49 81
(i1)0ther countries in 1985=
80 per cent and gver 50 to 80 per cent 20 to 50 per cent
Austria 93 Belgium 60 Canada 44
France 81 Italy 79 Luxembourg 28
Germany 81 Spain 58 Netherlands 39
Japan 91 UK 55 Portugal 43=
USA 42
Source: As for table 6.
(a) No CC has been reported for Norway aad Switzerland. (b) 1984,
Table 9. Finnish exports of forest product
13859 1886-90= 1806-1900= 1913 1970 1880 1286
Value of exports of
all forest products,
million FMK 16 40 24 227 | 5.4= 22,9 30.7v
Per cent share of
processed
products® 2 Th 17 30 |73 639 80
(48> (32)<  (Ba)-
Source: (2) and ETLA.
(a) Annual averages. (b) Thousand million FMK. (c) Pulp, paper and board.

(d) Paper and board oanly.



Table 10. Average size af paper plants
I

Thousand tonnes/year inland = 100
1970 1986 1279 1986
Finland 150 214 100 100
Sweden 89 145 59 68
ySA 73 124 49 58

Source: Ehrnrooth-Kirjasniemi, 'Prospects of forest industries, especially
from the point of view of branch rationalization', The Finnish Economic

Journal, 3: 1987,
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Considering, however, the three points listed above, it can be said
with a fair amount cf certainty that
N SPs were taken into use in Finland at the same time as elsewhere and

probably just scme months or a year behind the Swedish paper industiry;
- all paper machines in Finland use these types of presses (or thcse

techniques that replaced SPs).

Two pieces of evidence support the industry's above statements: first,
in an industry where the productive equipment is ycung (or the youngest),
the technological level must be high and the best available, incorporated
in the relatively new plant and machinery; +this alsoc means that the
diffusion of any innovation is also high in that industry.

Secondly, the leading makers of paper machines obviously incorporate
worthwhile innovations into their products (whether invented by them cor by
others); thus, the young and growing Finnish paper industry simply cculd

not avoid cbtainiang 'the newest'.

The histcry of the adoption of the tunmel kiln for bdurning clay building
bricks (as distiact from other ceramic products) is somewhal obscure. As
early as 1840, a patent for a tunnel type kiln was granted in Denmark, but
it remained a mere patent on paper; then in 1858 came the German innovation
of the Hoffmann kiln which dominated <the brick industry Ior <he nex:

hundred years. Nevertheless, a few tunnel kilns for bricks weres built

during that periocd, such as in 1902 and again in 1926 in B
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as in a similarly isoclated manner in Germany too. The experiences gained
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there were probably the basis of the first brickworks using tunnel kilns,
built in 1942-3 in Finland.

This date of adopticn was early; elsewhere the first postwar tunnel
kilns were built between 1951 and 1955, for instance in Sweden, Austria,
taly, Germany and the UK.

By 1980, some 85 per cent of Finnish clay brick outpu®t was produced by
TKs and this share had risem to 95 per cent by 1986. This compares well
with the diffusicn elsewhere (table 11). In fact it means saturation: all
but two out of 18 brickworks use TKs (the two exceptions being brickworks

that operate only temporarily).

The first float line for the production of plate glass came on stream in

1959 at the plant of the inventor/innovator, Pilkiangton Brothers (then

Fh

=

still a private firm) in the UK. Plate glass i

[0)]
Ly

the *thicker variety of

clear flat glass which then accounted for abcut one thir

FL

of the flat glas

[0}

making capacity of the Western world. The remaining +two thirds o

Hh

producticn was directed towards sheet glass, cile 1y wincow g

H,

thickness of 3 mm. For this, the float process was nct originally
appropriate; later on, however, further developments extended the range of
the floa%t, enabling it to replace the earlier sheet processes as well. As
a result, by the mid 19805 the old system of plate glass making had
practically disappeared in the industrial countries and the majority ci the
sheet capacity had also been replaced by flocat lines {table l2). Thus, the

diffusicn cf FG has been relatively rapid

o)
o]

develcping and centrally-planning couniries lag behind scmewhat,



Table 11. The diffusion of tunnel kilns

Per cent of clay bricks produced in TKs

1280 1986~
Finland 8% 95
France Q0 92
Germany 90 95
Italy Q0 92
Sweden 95 95
UK®= 72 74=

Source: (10>, (11) and ETLA.
(a) Partly estimated.
(b) Not strictly comparable: because of the high fuel (carbon)

certain clays, the TK 1s not universally acceptable.

Numbers
1971 1082 1986
Manufacturers holding a licence 15 30 35
Countries of the licensees 10 22 29
Flozt zglass plants= z% 88 105

Source: (10) and Pilkington.

(a) In operation, under construction or projected.

content

of



- 28 -
Cne of the factors limiting the further spread of the flcat technique

is its relatively large output: even a small flcat line prcduces more than

the total requirements of a small market. This particular aspect is very

relevant *to the curicus history of the float technology in Scandinavia and
inland. Because it reveals some interesting points, the background from
the 1984 report is reiterated here (nc. 10, pages 56-8).

“The earlier study (mo. 8, pags 212) repcrted on what was then the
newest flat glass plant in Eurcpe, erected on a greenfield size in
Korsﬁ%, Denmark, as a joint Danish-Swedish venture, The plant was
built and operataed on the Pittsturgh principle (the traditional method
of drawn glass) for two reasons; first, that the demand in the whole
of Scandinavia would lag behind the capacity of one single flcat lime;
and seccndly, that the flcat process could not then produce thinner

sheet glass, for which there was a demand. The first argument was
valid, but decisive only if the product range of the float process
remained restricted to plate glass. The second argument was an

example of technological shortsightedness since socon after the then
new plant came on stream, the flcat process was developed further and
started to produce thinner sheet glass; thus this argument rapidly
became invalid. This brought abcut marked changes in the Scandinavian
glass industiry.

In 1976, Pilkington's new float plant started production in Sweden.
In 1977 <he Norwegian flat glass producer (Drammen) went bankrupt; in
1978 the other Swedish flat glass producer (Emmabcda) stopped
producing flat glass; and finally in 1982 the Danish plant at Xorsgr,

st over a decade earlier. was closed down. In all thres cases
£, though not exclusive, reason was competition from the new

ant, which could produce mcre cheaply. There seexms %o
doutt, however, that for any one of the Scandinavian countries a float
pilant wouid be 'too big'.

There is now only one flat zliass producer beside the Pilkington
factory left in the Nordic countiries, that in Finland... In spite of
Pilkington's interest in the firm it has not been converted to the
float process, presumably in view cf the small market in Finland."

However, <*echnolcgical development can be guick and busizess policy

can also change rapidly: Pilkingtcn raised its interest ia the Finnish

1

company, the only maker cof flat glass in Finland, to 50 per cent, and in
+ &

i

1287 the float technique replaced the =arlier Pittsburgh method in Finland.
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The capacity of the new plant was small, 55 thousand tonnes a year (the
worldwide average capacity of float plants is around 125 thousand tonnes).
It appears that smaller float plants have become viable (presumably as
the result of further development); indeed, the capacity of the new plant
ls smaller than Finnish domestic requirements, currently estimated at 80-83
thousand tonnes. The plan apparently is to supply the excess requirement
from the Swedish float plant; morecver, an 2xchange between the Finnish and
the Swedish (Pilkington-controlled) plants, permitting a degree of
specialisation for each of them, is also a possibility, creating another

example of Nordic co-operation (albeit under the Pilkington umbrella).

Shuttleless looms in cofton-type weaving (SL)

The traditicnal machine in the weaving shed used to be the shuttle loom,
first hand operated and later automated. Attempts at carrying the thread
across the loom by a method other than shuttle go back a long way and

simple rapier-type solutions have been available since the 1920s. But it

is only since 1950 (the year when Sulzer's projectile-type loom came onto

the market) that a variety of more sochisticated versions have appeared.

3
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¥

first known users of SLs were French weavers in 1953 (although it

wiss firms, nearer to Sulzer, might have preceded them).
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Between 1953 and 1958 SLs were adopted in Germany and the USA and also in
Sritain, Sweden and Austria, but in the latter three countries on a very
minor (probably just trial) scale. Finland followed cn a similar basis in
1939 when eigat Sulzer looms were taken into use.#

Diffusion of SLs started slowly in Finland; more than twenty vyears

later. in 1980, <he entire stock of new type looms was still only about
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btained from the Asscociation of Finnish Textile Industries.
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300, some 15 per cent of all looms. The adopticn rate of the Fianish
cotton-type textile industry (by far the biggest in the Nordic area) was ia
1980 almost identical with that of the whole of Western Europe (14 per
cent).

During the first half of the 1980s there has been a large change,
however. Contraction of the textile industry has resulted in the reduction
of the loom park by two thirds, but this was combined with the
installation of further SLs, so0 that in 1985 all lcoms were of the new
type. The diffusion rate for SLs in Finland of 100 per cent ccmpares with
35 per ceant in WVestern Eurcpe. The only country with a similar 100 per
cent diffusion rate is Sweden, whose much smaller industry followed a path
almost identical to that of Finland.

Although the number of looms is now much smaller, the productivity of
the new-type lcoms is much higher than that of the earlier shuttle looms

(table 130,
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Table 13. Cotton-type weaving in Finland, 1980-85

1980 1985
1. Number of looms, thousand
all looms 2.1 0.7
of which: shuttleless 0.3 0.7
per cent share of SLs 15 100
2n Nordic comparison:
All locoms
Denmark 0.7 0.7
Norway 0.7 0.9
Sweden 0.5 0.2
Per cent share of SLs
Denmark = 25
Norway 32 48
Sweden 35 100
3. Finnish textile production (indices?
(A) Textiles (ISIC321)= 100 80.4
(B) Spinning, weaving and
finishing (3211)= 100 77.9
(C) Cotton weaving (321123)= 100 56.8
4. Loom productivity
(A) Number of lccms, index 100 33.3
(B) Production per loom (3C:44) 100 171
Scurce: 'International textile machinery shipment statistics, Internatioznal

Textile Manufacturers' Federation, Zurich; ETLA.
(a) According to official industrial statistics.

(b> Current value added deflated by the producer price index for texztiles.



Maltsters and brewers first used GA in Sweden and Brizain; in both
countries the first use was in 19%59. At the time it was considered an
important novelty, but later cn the innovation's significance declined.

In the mid 1960s just over half of both the British and Swedis
production of malt was treated with GA, and this share rose to over 70 per
cent in the UK by 1970.

In a few other countries, Germany for example, food laws prohibit the
use of GA; there is no such legal prohibition in Finland., Indeed, Finnish
malting companies have been using GA since the 1960s, but they use it only
for specific beers and not all the time. They now consider it a standard
procedure and not an indicator that in any way determines theltechnological
level of their industry. (It is for this reason that quantificaticn of the

diffusion of GA was not available.?

from 1950. Later that same year the photoelecirically-coniralled cutting

machine was introduced in the UK. Kumerical contrcel follcwed in 1981, alsc
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in the UK <(in those days by +transferring <the drawing o the cutti

8

zachines by programne
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This was a case of :iInncvations aixzed at the very sam Drocass

following each other in gquick succession. In Finland, +<the year of
iatrcduction was 1953 - scmewnah later than in the pilonesr ccouniries and

£ I a svA TEaley (tad 1TSAR T+ ;
Germany, but well belore France and -=a.y (table 14). By 1335, all %the big
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Ta=le 14. Yew plate marking and cutting zethcds~ in shipbuilding

Year of introducticn® Diffusion rate in 1966¢
Finland 1955 95
Srance 1960 63
Germany 1953 66
Iitaly 1962 48
Sweden 1950 80
UK 19290 35

zz: (7) aad ETLA.

(z) Tie methods 1listed in the text. Finnish data concern the whole
industry, figures for other countries relate toc firms participating in the
1668 inquiry, as reported in (7).

(») Cf any of the listed methads. =

(2) Per cent share of steel cut by new methods in total steel used.

Table 15. NCMT: selected indicators

c

Finland Sweden France Germany Italy UK SA Japan

Year of -
first use 1962 1958 1957 1962 1960 1956 1955

Approximate

share in total

machine tool

output, per 30 35 P 20 22 18 35 50
cent and (1986) (1981) (1980) (1981) (1981) (1980) (1980)

(year)

Number of NCMTs

produced,

thousands 0.06 5 2 14 3 3 5 45
(rounded), (1986)

1985

Number of NCMTs |
installed
thousands 1.7 4 kY| 64 11 26 103 28
per cent in 28 3 4 6 2 3 5 3
total MT (1985) (1980) (1985) (1985) (1981) (1982) (1983) (1980) .
stock and i
(year) '

Source: (6), (10), (11); ETLA. partly estimated.

(a) The Finnish stock {ncreased to 2200 in 1986 and nearer to 3000 in 1987,
raising the per cent share to about 3 %.
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Finnish shipyards were using one of these techniques and the diffusicn
rate was high.

With the arrival of the computer, all these 'new' techniques became
cbsolete; they were gradually abandoned. By 1986 they were almost wholly
replaced by computer-controlled systems in Finland (as they were in other
major shipbuiiding countries). The only remaining wusers of non-
computerized methods are very small yards engaged in repair work and using

only marginal gquantities of steel.

Numerjcally-controlled machine tools GICHT)

Developed in the USA, in the beginning XNCXTs were primarily suited to
performing certain operations on certain batch sizes. Drilling, milling,
turning and polishing were the areas initially covered by X¥C machines;
smaller batches and one-off pieces <(unless very complex) were made On
traditional machine +tccls, larger runs on autcmatic machines, and NCMTs

were applied to mediumsized Dbatches. Considerable developmeat work

.

followed to extend the scope of NCMTs in all directions; the final
stimulus, however, came in the 19703 from the comtination of XNCNTs with
computers. XNC became CNC - computerised numerical centrol.

Fowadays, CNCMTs can be applied ecomomically in most metalworking
spheres, almost regardless cf the complexity of design, the number of
programs required or the repetition of the same operaticn (although
automatics are still preferred for very leng runs?.

NCXTs were first introducad in 1955 in the USA; the UK followed in

1956, other countries scmewha® later. The first imsiallation in Finland in
1262 ccincided with the first in Germany.
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The Finnish engineering industry started to make ¥CMTs much later, in
1977, In that year Germany praduced about 2,000 NCHIs and the Japanese
(with 5,400 produced) were already the world leader. From that time
onwards output in Finland has risen: in 1985 about 10 per cent of all
zachine tools were NCs (by number of units) and in 198€ this share had
increased further to some 13 per cent. By value the XC share is much
higher: 25 per cent and approximately 30 per cent correspond to the two
yearly figures given for units.

These percentage shares, however, mean little because cf the small
size of the machine tool industry in Finland. The total production of
§CMTs in 1986 was 60 units, which accounted for 13 per cent of the total
machine tool output of about 500 units. These figures can hardly be
compared with these of major producers cited in table 15. The comparison
based on units and values produced should also be iInterpreted with scme
caution because one NC unit can vary from a simple punching machine to a
sophisticated machining centre.

From the point of view of the cpread of 3C machines in  the
metalworking industry - and, in a sense, *the technicai lesveli of the
industry - the whole NC stock and its relationship ic the total (NC plus

non-NC) machine tools is more illustrative than the guestion of whether the

Fh

YC¥Ts are home-produced or imported. Stock figures, hcowever, are not easy
o collect and therefcre +he international data in table 15 concern

LR
4 il

cdifferent years. By 1985 there were 1,700 NCMTs ianstalled in Finland;
1986 their number had risen *to 2,200 and by 1987 this figures was nearer
3,000. Thus, in 1285, they accounted for about 2 per cent o5f the +total

machine tocl stock, rising toc 3 per cent by 1287. The XCXT stcck of the



Finnish metalworking industry thus ccmpares quite favourably with that in
some other countries, though it may be marginally below the level for
Sweden, Britain or Japan; it is definitely lagging behind Germany, France
or the US in this particular comparison (table 15).

Ideally, the right measure would be to assess the actual producticn
achieved by NCMTs and its share in total engineering output. The rule of
thumb of the industry has it that one NCMT produces three to four times the
output of a traditional machine tool. Unfortunately, such data are not

available for any of the NC-using countries, including Finland.

T "ne 5 (T

Flexible manufacturing systems (FM3)

These two technologies are associated with the 1980s. Both are important
innovations, both are based on microelectronics and numerical control,
usually by means of computers, and both have passed the 'take-off' stage

and entered a phase of rapid diffusicro.

+

ffusicn is difficult in both cases. The

The measurement of this 4
time of first adopticn is almost impossible to assess Decause of
difficulties of definition: at wha® point dces some ingenicus mechanical
contraption become a robct? Disregarding the praoblems of interpreting past
data, even counting the present number of raobcts is not easy. An
industrial robot system can serve the whcole assembly line of an automcbile
factory, or just a part of i%; or it can help in producing simple metal

boxes in a smaller plant. Similarly, a flexible/automatic manufacturing

system may cocpe with +the whole production process of a

=

airly large

)
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ctory, or may be concerned with only a small part cof the sane.
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This is the problem with defining the 'unit'; any populaticn of robots
or FMS will  unavoidably include units of different performance
capabilities. This must be borne in mind because the diffusion of these
new technologies can only be measured by number of units.

The number of robots is heavily influenced by the structure of
industry, which varies by country. Robots are particularly well suited to
serve certain operations, such as motor vehicle assembly.

The first robots in Finland were installed in 1978, Their number had
risen to 418 by 1987; the growth was rapid (51 per cent a year in 1982-5
and 30 per cent a year in 1985-7). Imn 1982-5 it lagged behind the speed of
some other countries - such as France, Japan, and Italy - but moved ahead
of others (for example, Sweden and the UK). Although the 198% comparison
in table 16 1s not favourable to Finland, there has been ancther marked
increase to 1987; this and the likely further expansion of robot numbers
will bring Finland nearer to the higher levels elsewhere.

The data on robots indicate (apart from Japanese leadership in this
area) the high technological level of Sweden. The second half of the same
table, on FMS, confirms the Swedish progress, even 1I it is remezterad that

there are some inherent difficulties in comparing small
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larger ones.
As indicated by the notes to the table, an atfempt has Dbeen made fo

reduce those difficulties stexming from the inccmparabilifty of the FXS

unit. Using the stricter definition {(at least four machine tccls, etc.)

rlace in the <compariscn as related %o industrial employzent, ahead of

Italy, France and Belgium, though behind others. Relaxing the <Zefinition



Table 16. Industrial robots and flexible manufacturing systems

_ Industrial robots Flexible manufacturing systems
1982 1985 per million R
thousands  industrial 1984 19s¢ Per million
loyees industrial
e?gBS a employees
- 1986
FINLAND 0.07 0.25 320 1 3 3.9
0.34b  440b (43) (9a) (11.64)
0.42e  540e (12 de  (15.54 &)
Sweden 1.3 3.4 2640 na 10 7.8
Belgium 0.35 1.0 930 na 4 3.7
France 0.95 5.9 880 na 22 3.3
Germany 3.5 8.8 860 27 50 4.9
Italy 0.7 4.0 580 na 17 2.5
UK 1.15 L2 410 na 36 4.6
UsSA 6.25 20.0 670 32 66 2.2
Japan 13.0 70.0 3450 42 102 5.0

Source: (11), Rovotics Society in Finland; French Robot Association,
Financial Times, 9 October 1987.

(a) Rounded to nearest 10,
(b) 1986.

(c)The systems included are composed of at least four machine tool or
robotics subsystems.

(i) These figures are based on different definitions {as used in Finland)
to include "more than two NC machines and all the necessary functions
for unmanned overations".

(e) 1987.
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to at least twog NCMTs, etc. raises the numbers of FXS from 3 to 9 in 1986
(and 12 in 1987), but unfortunately, similarly defined data for other

countries are not available for international comparison.

The first commercial nuclear power station was commissioned in 1956 in the
UK. Nuclear electricity came rather late to Finland: the first reactor at
Loviisa started commercial operations in May 1977: by mid- 1982 four
reactors were generating power at two stations. Their combined gross
cutput capacity amounts to 2,160 MW and they supply about 40 per cent of
electric power generated in Finland.

Finland has no coal or oil reserves; industrialisation has been based
on hydropower and fuelwocod, and later on imported coal. The postwar
penetration of o0il into the rapidly growing Finnish energy market was
sudden. In 1973 oil supplied 56 per cent of home energy ccnsumption.

From 1950 to 1973 electricity generation rose sixfold.
Hydroelectricity could not cope with growing requirements and by 1973 more
than one half of the electric power was procduced at thermal statioms,

@)

n
ba

burning huge guantitie mported oil.
Between 1973 and 198% electricity use doubled again <(table 17). The

further expansicn of hydropower was limited and without nuclear power the

conventicnal thermal genera%ing output of the Finni

N

b electricity supply
system would have had toc have been more than doubled, with a considerabie

additional burden on the import bill.
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There are many factors within a complex system which decide the degree
of utilisation of nuclear {(or any other) power stations. These vary from
country to country; without detailed knowledge it may be misleading to
draw any major conclusions from comparisons of this kind. (The very high
capital costs of nuclear power stations are of course likely to stimulate
their use in any case.) It is nevertheless of interest to point to the
data in table 18; the simple facts shown there indicate that the Finnish
electricity industry was among the world leaders in this area: the output
of the Finnish reactors as related to capacity was one of the highest in
the world.

It iz interesting to add that the productivity in these terms, i.e.
KWh/KW, of the Finnish hydropower stations was also the highest in Europe
(table 19); for more precise comparison, allowance must be made for the
different hydrclogical conditions in the various countries.

A relatively new departure in the energy area has been the
exploitation cn a commercial scale oI Finland's huge peat deposits. This
was triggered aoff by the 1973-4 oil price explosion. By the mid-1980s peat

production had reached about 4 million tonnes a year, equalling about 1

million tonnes of oil or 1% million tonnes of coal.<'4’
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Table 17. Electricity generation in Finland

Million XWh and per c¢eni in total

1650 1973 1985
Hydro 3.7 a8 10.4 42 22
Thermal 0.9 12 14.5 38 16.9
Nuclear = - - - 18. 0
Tatal 4.2 100 24.9 100 47.1

EEER

Scurce: World Energy Supplies, UN.
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Tatle 18. buclear power: selected indicators
Yuclear Nuclear Nuclear zeneration a
generating electricity per kW capacity installed—
capacity, as per cent E -
thousand of total kW?égzar Finland =100 b
MW generation 1986 1982-1986—
1986 1986
OECD countries
Belgium 5.5 67 6762 87 90
Canada 11.2 15 5973 7 76
FINLAND 2.3 28 7792 ico 100
France 44.7 70 5401 69 68
Germany FRG 18.9 29 5917 76 88
Italy 1.3 5 6441 83 71
Japan 25.8 25 6448 83 82
Netherlands 0.5 6 7889 101 96
Spain 5.6 29 6412 82 63
Sweden 9.5 50 7086 91 83
Switzerland 2.9 39 7264 93 93
TK 10.2 18 5068 65 97
USA 84.6 17 4894 63 60
Centrally'nlanned economies
Bulgaria 1.6 20 6860 g8 91
Cgpechoslovakia 2.8 21 5950 76 85
Germany GDR 1.7 10 5962 77 84
Hungary 1.2 26 5668 73 80
USSR 27.7 10 5595 69 75
Yugoslavia 0.6 5 6012 77 76
Other countries
Argentina 0.9 11 5775 74 64
Brazil 0.6 c 6260 80 82
India 1.2 3 33900 50 46
Korea (South) 5.4 44 4944 €3 65
Pakistan 0.1 2 4000 51 31
South Africa 1.8 7 4777 61 56
Taiwan 4.9 44 5246 ET &%
World total 273.7 5532 7 72

Source: International Atomic Energy Agency, Viennaj; World Enersy Supplies, UN;
Petroleum Econocmist, November 1987,
(a2) Public power stations.

A

(b; Average of five years.

(c) Less than 1 per cent,
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Table 19. Hydropower: generation (KWh/year) per KV capacity installed

Annual averages
) KWh/KW/year Installed capacity
1984/5 000 Mw, 1985
Finland 5,081 2.5
inland=1
Sweden 95 13.5
Norway 85 16.4
Portugal 89 3.1
Austria 28 9.6
France 57 20.3
Switzerland 49 10.9
Germany FRG 45 6.0
Spain 45 13.3
I[taly 43 15.3

Source: As for table 17.

Note: Qutside Europe comparable data vary decending on the geography of the
hydropower stations: as related %o Finland, *he figures for the US are
generall markedly lower, for Canada scmewhat higher, and 1in mang
developing countries, with better endcowments for aydro-ganeration, also
higher (for example, Madagascar and Mali in Africa; Honduras, Jjamaica and

St Vincent in the Caribbean; Bangiadesh and Iraq in Asia.



Assessment

An attempt can now be made with a view to somehow summing up the previous

brief case studies and thereby assessing the Finnish approach to new

technologies. At the risk of repetition, it is advisable at this stage to

remember again that

summary we ccncentrate on three aspects. 3l

commercial introduction (i.e. the pioneer). Thi

the present study covered selected technologies;

in no way can the result therefore carrectly represent the whole
economy;

the study of another ‘'basket' of technclogies could yield perhaps
quite different conclusions;

the late introduction (or rejection) of a novel technclogy may have a
very rational justification which can cnly e ascertained by detailed
studies at plant level;

it follows that the findings should be interpreted with caution;
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wide range of

industries and consequently are likely tc have significant indicative
value, pointing to the readiness (cr otherwise) of Finnish industry

and business to innovate, as well as

L

this study gives a pointer to the degree and speed of diffusion of

f

(these) new technologies acrcss the economy.

The method applied for the assessment iz as Iollows.

As in the detailed notes con each af the technologiss covered, in the
irst, bhow quickly (or slowly)
new techniques were adopted after *he inncvaticn at the very first

inniskh lag', expressed



in numbers of years, is compared with the saze lag for Sweden and with the
average of the four largest Eurcpean OECD ccountries.

Secondly, we measure - also in years - the time required to attain two
benchmarks o¢f diffusicn: a 50 per «cent diffusion rate (wherever
applicable); and another rate that has been set according to the particular

technology and the situation in the industry using the new process. These

th

TWO measures are assessed for *he same three areas, Finland, Sweden and the

four large European couniries.
Thirdly we compare the Finnish diffusicn rate in the most recent years
71985-6) with those in the four European ccuntries and in Sweden. Not all

three indicators can be assessed for all <technologies covered but the
available information is suificient for the next step, which aims at
pulling together the large number of data - presented in table 20 - into a
possibly simple guantified form.

Each o0f the twelve techrolegies was 'marked' for its attainment in
these three areas - the adcptiocon lag, the speed and the level of diffusion
- in the simple manner described in the nctes to tavie 20. The marks were
Then averaged. The messazs conveyed Dy Tae exsrciszs iz as Icllows:

1y Finnish industry was nct garticular
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adcpt new ftechnologies.
The overall willingness to follow the pilomneers rapidly was no better than

average; there have been exceptions, involving the immediate introducticn
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of innovations developed els or examxpie, in the paper, shipbuilding
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have been balanced by very long

lags in other areas.



Table 20. New technologies in Finland (SF)&
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Time of ad

option

!
b
!

&

Measures of diffusion

i

chapters.

Tech- ! Year and Adop-{ Lag (years) in“Method. Time (years) to attain
no]o—’ countryd tion | I b i {
gy ! of innov- in SF ! SF 4gd sd 5 t 50p.c. diffucision’ x p.c.diffusion
i ation | i i SF 4E S x= ¢ SF 4E S
j { 1 } !
BOP 1952 A 1968 {16 7 4 A ] 1 16 23 100510 20 25
ccC ; 1952 A 1968 |16 6 11 A E 3 23 18 80 9 26 22
SP 1963 S 1964 | 1 2 0 A i d d d d . d d d
' I
TK (c) 1943 0 8 5 A ! nad 22 8 90 40 28 30
FG 1959 UK 1987 (28 8 17 A * 1 15<11 1 90 ; 1 28t 3
SL | 1953 F 1959 6 4 3 B ] 23 29 25 100 /23 NvRE 25
GA | 1959 UK 1965 6 5 0 A ' na  na 3 .. |na na na
PC 1950 S/UK 1955 5 8 0 A | 5 9 10 80 {10 13 16
NCMT | 1955 US 1962 7 4 4 B - - - 3 125 24 22
IR na 1978 - - - C - - - - - - -
FMS na 1983 - - - C - - - - - - -
NE 1956 UK 1977 | 21 5 15 A - - - - - - -
Notes: Partly estimated.
. . . h
Diffusion rate in Mark§ﬁ f°T 1 (a) For symbols of the technologies
1985-86 adop-| __diffusion i 1n col.1, see text. Country codes:
SF 4t S ‘t1on { speed[ 85-6 Tevel : SF=Finland; A=Austria; S=Sweden: '
: T ! + F=France; 4tE=four large European
e e e | 5 countries (fFrance, W.Germany, Italy
BOP 100= 100= 100 3 ! { ! and UK) average. "na"=not avajlable.
cC | 94 75 81 3 1 | 1 NYR=not yet reached.

' }
| SP 90 90 90 | ] 1 | 1 (b) Diffusion measured by A=share
i TK 95 90 g5 | 2 f 1 of new technology in total output;
: i - B=share of new productive equipment
] i |
{ FG ] 100 95 na 3] P in total stock; and C=numbers relate
fsL o0 49 100 2 E ] ; 1 to million industrial employees.

! GA ‘ 9 e fig 2 @ (c) Prewar omilted: lag counted
i PC | g g q ] [ from 1943.

: [ i (d) Indicators not available; SF in
puCMT g 3 4d/24/242 F 2 g 2 line with S, s1ightly ahead of 4E.
‘ IR j 440 680 2640 i ! 3 (e) BOP + electric steel.
| | | (f) OECD countries total.

i s 3.9 3.8 1.8 | 2 (g) Not used, see text.
| NE ' 38 31 39 '3 } 1 (h) 1=good (leading); 2-average;
! i | | | 3=bad (7agging).
i average: ? 2.1 ‘ 1.3 | 1. Source: refs 7 to 11 and previous
i j




_4’7_
) Once the new technclogy was adopted in Finland, its spread was rapid -
iandeed, 1in many cases faster than in *the other couniries +taken for
comparison.
This rapid diffusion invites two comments. First, as already hinted
at abave, the speed of diffusion is often higher for followers than for

picneers; the Finnish experience supports this fi

)

ding, which was
cauticusly presented earliier in this study.

The second comment concerns the nature cf diffusion in a small couniry
in contrast to a larger one. There is - for exam

2 - cniy one Zfactory

producing flat glass iz Finland; in the first year afte

"

the adopticn of

the float technigque the diffusicn rate reached 100 per cent. Similarly, as

p=

soon as one of the few major steelworks was converted to BOP, a very high

diffusion rate was registerad because of the large share of the innovating

pilant in total domestic production. Thus, in esach of taese two industries

e8]

decisicn, whilst in a Iarger country, whers ngo one olan® accounts for a

3 , jor
Z=cisicns are aeeced I0 attain the same digh diffusicn raze

32 Iin terms of the recent ({(1985-%) lavel cof diZfusica, TFialand is well
piaced. The use of the selected 'new' technologies is alzmost universally
Zigh. Only in the 'high tech' cases is there some laz. In part thais zmay

o B L e,y C imAnmr et e
INICUZTIIal siructure LNQuU3sTIries

-— - = - -
varticularly suitad o
r
P a - €3 - -2 - & 2 —_—p— — I - -7 % -7
rcbotics or flexible zmanufaciuring systeos (faor axaztle, vehicle or
. = Lom+iira)y ~avrv-r szaller weight i = arA > - Tmae b
zircrafz zmanufactiure)carry a smaller weig in Finiland =han elsewhera i
Can alsc be expiained - T some exitent - Dy the rcls 2f Fiznland as a
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‘follower'; rthe electronics industry, the bacxbone of 'high tech', started
rather late in Finland but has been picking up, as documented by the trade
figures: the ratio of high-tech Finnish exports tc high-tech imports rose
from 0.18 in 1973 to 0.38 in 1980 and was up again to 0.48 in 1983.°%°

The 1indicators of high-tech areas included in the earlier parts of
this study are perhaps too limited and the actual position may be more
favourable than reflected by them. Indeed, the authors of one recent
study %’ take the view that whilst the Finnish electronics industry has,
in general, ©Dbe=2n an "intelligent and independent follower", 1in certain
product groups it has in fact been "not a follower but a forerunner". They
support this view with a few examples of original inncvations by Finnish
firms (such as flat display modules, digital teiephone switchboards, micro-

computers, eic.)

The same paper points to the fairly high (though not exclusive) degree

o
ot

Q

f specialisetion refliected oy patent statistics: of 416 patents granted

'ty

1)

the Finnish electronics industry ian 1988-85, 280 (67%) concerned industrial

2

appiications and 64 (15%) medical cnes It is probably permissible *o
concluce that Finnish electronics producers have Icund suitable aniches in
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Table 21, Selected indicators of the electronics/'high tech' indusiries

Year Coverage  Production Domestic
‘A" % share TATEY A B
United States™ 1986 electronics 300.6 45 315.3 0.95
Japan® 1086 n 147.4 22 82.6 1.78
Western EuroPe 1986 " 137.2 21 143.7 0.92
Rest of thea
world = = 1986 " 76.4 12 191.5 0.40
Worlad 2 1986 " 661.6 10 .. ..
for comparison:
FINLAVD ¢ 1985  'high tech'
products 5.0 “i 6.3 0.79

(a) Billion (thousané million) US §. Source: ref.d6.
(b) Excluding centrally planned countries.

(¢) Billion FIM. Source: H.Luukkannen, The Finnisk hizh-tech industry takes off,
Kansallis-Osake-Pankki, Iconomic Review, 2/1987,



Concluding thoughts

In a recent study, the Battelle Institute's Geneva Centre for Applied
Economics'®* set up the folleowing classification  for the stages of
technological potential of countries/companies:

D Inability to use modern techrnolcogies;

27 Ability to adopt modern technologies and reach international
quality and performance levels without contributing major new
developments;

3) Ability to make good use of technologies developed by others and
even to surpass them in terms of innovation and performance;

4) Ability to develop technologies which become the "standard of the
world".

Expressing a view of the Finnish industry as a whole leaves one open
to the dangers contained in any generalisaticn. Each branch of the
industry operates 1in particular conditions that are wunigue to the
individual category. Nevertheless, the geperal picture to emerge from the
previous assessment amply justifies the verdict that the Finnish industry
can be listed in the third group and some of its branches may qualify for
inclusion in the top fourth class.

In general terms, whilst the adoption of major innovations followed in
scme cases with a consideradle time lag <{wnich, howsver, prcbably conceals

the advantage of aveiding any teething troubles experienced with new

)

techniques), this apparent delay was 2fficiently balanced by the following

3

rapid diffusion cf the ‘new' technology.

+

The Finnish industry, therafcrs, has certainly shown the "ability to

make good use cf technolcogies developed by others"; whether it fits into
g E



the second criterion of the definition of the third category menticned
above - "even to surpass them [the originatorsl in terms of innovation and
performance"” - is more debatable.

Some branches of Finnish industry may be slipping back into the lower
category: they did adopt modern technology and reach international
performance levels, but without contributing major new developments.

On the other hand, other Finnish activities are safely in the 'top
class', having developed technologies which bacame world leaders: forestry
equipment, papermaking machinery, icebreakers, and even specialised

segments of high-tech products all being cases in point.
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