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TECHNICAL CHANGE AND PRODUCTIVITY IN SWEDISH 

INDUSTRY IN THE POST-WAR PERIOD 

Long Swings in Innovation? 

7 

During the 1970's there has been a slowdown in productivity ad

vance in many industrial countries. This has been assodated with 

a decline in the economic growth rates from the extremely high 

levels in the 1960's. Observations of this kind have led to specula

tion that the industrialized world is now in the downward phase 

of a long swing of the Kondratiev type.l 

In interpreting Kondratiev's long swings, Schumpeter emphasized 

the role of innovation.2 Thus, he attributed the upturn in the 

first Kondratiev cyc1e (1790-1813) largely to the dissemination of 

steam power, the second (1844-1874) to the railway boom, and 

the third (1895-1914/16) to the joint effects of the automobile 

and electr id ty. 3 

To support his view of long swings in the business cyc1e, Mensch 

has studied the varying frequency over time of what he calls "ba

sic innovations". He defined b-asic innovations as "technological 

and social innovations that create completely new sodal benefits, 

new lines of service or industr ial products in the public see tor 

and in private business, for which there exists a need, and for 

which the manufacture and distribution necessitate the creation 

of new markets, many new jobs, and profitable investment possibi-

l See e g G Mensch, Das technO!OtiSChe Patt, Frankfurt, 1975; and 
G Ray, "Innovation in the Long yc1eU, Lloyds Bank Review, No. 
135 (January 1980). 

2 J A Schumpeter, Business Cyc1es: A Theoreticalb Historical and 
Statistical Anal/:sis of the capitaIistProcess, Mc raw-RiII, New 
York-London, l 39. 

3 G Ray, op cit, P 15. 



8 

lities".1 Further development of products and processes in already 

existing lines of activity (established through earlier basic 

innovations) are called "improvemerit innovations".2 In Mensch's 

view, it is characteristic of basic innovations that they appear in 

clusters, even though they may pertain to entirely different 

fields. This is because they are all influenced by the same "spi rit 

of the times" ("Zeitgeist").3 As basic innovations are introduced 

on a large scale, it is inevitable that they generate improve

ments both in the basic technology itself and in surrounding tech

nologies. This is the mechanism by which long swings in econo

mic activity are generated. UnIess the rate of innovation contin

ues to increase, the economic upswing is eventually broken, and a 

per iod of dec line in economic activi ty sets in.4 

In studying inventions and innovations over the past 200 years, 

Mensch concluded that peaks had occurred in 1770, 182.5, 1885, 

and 1935.5 Thus, his peaks differ somewhat from those of Kon

dratiev - the last one by some 20 years. If peaks repeat them

sel ves at 50-year intervals, Mensch's next peak would occur in 

1985 while that of Kondratiev would have been placed in 1966. 

Thus, i t is not easy on this basis even to determine in which 

phase of the long cycle we are at present. 

A skeptical view is also substantiated if one examines the growth 

of GNP per capita in industrial countries over the past 100 

years. See Figure 1. Whereas one finds two long cyc1es in the 

Swedish growth curve (with peaks in the first decade of the 20th 

l Ibid, P 15, italics mine. 

2 G Mensch, op cit, p .5.5. 

3 Ibid, P 196. 

4 This has been shown in simulations on a Swedish micro-to
macro model. See G Eliasson, "Technical Change, Emp10yment 
and Growth", IUI Research Report no 7, 1979. 

5 G Mensch, op cit, P 142. 



Figure 1. GNP/capita growth rates in Sweeten, USA, 

(West) Germany and Great Britain 1870-1978 
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century and 19.50-60), it is difficult to find a similar pattern in 

the other countr ies in the Figure. Instead, one notes that the 

post-war period stands out as an era of extremely rapid growth, 

practically without historical precedent. Thus, rather than trying 

to Jook for Jong cyc1es, one may want to expJain why economic 

growth has been so rapid in the 1960's in comparison with all 

other per iods. 1 

Perhaps the present crisis in economic growth is not attributable 

soJeJy to faiJures in innovation (as e g Mensch argues) or to glo

bally dec1ining marginaJ productivity of investment in R&:D (as 

Giarini and Louberge hypothesize)2 but also to generally poorer 

conditions for economic growth? The latter argument is put for

ward by Abramovi tz and Klein among others.3,4 

Scope and Pur pose of the Paper 

No matter which view one takes of long swings in the business 

cyc1e and their relationship to great spurts in innovation, it is 

useful and enlightening to examine post-war economic growth 

from a micro perspective. Most studies of economic growth and 

productivi ty are macro-oriented and may therefore overlook im-

erspectlVe, 

2 O Giarini and H Louberge, The Diminishing Returns to Tech
nologx. An Essay on the CrisiSTn Economic Growth, Pergamon 
Press, Oxford, 1978. 

3 M Abramovitz, Rapid Growth Potential and Its Realization: 
The Ex erience of CapltaIist Economies in '"thePOsiwar Period, 
Stanfor niverslty, mimeo, 1977. --

4 B H Klein, Dynamic Economics, Cambridge, Mass, Harvard Uni
versity Press, 1977. See also Klein, "The Slowdown in Productiv
ity Advances: A Dynamic Explanation", in C T HiJJ and 
J MUtterback, Technical Innovation for a Dynamic Economy, 
Pergamon Press, New York, 1979. 
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portant factors whlch emerge only if one digs a little deeper. How

ever, in order to secure the link between mlcro and macro -

which in the author's view is absolutely essentiai in understanding 

economlc growth - such a micro study would have to cover a 

large number of areas, making the task inherent ly difficult. 

A step in this direction was taken in a research project whlch 

the IUI recently carried out jointly with the Royal Swedish Aca

demy of Engineer ing Sciences (Iv A).1 One of the aims of the 

study was to gain insight into the extent to which the Swedish 

economic crisis of the 70's can be attributed to technological fail

ure and to what extent other factors are responsible. 

The purpose of the present paper is to characterize technical and 

technologlcal change in a number of industries in order to clarify 

the relationship between technical change and productivity. In par

ticular , what are the constraints which have led to dec1ining pro

ductivity growth in recent years? The bulk of the empirical re

sults presented here derive from the IUI-IVA study but also from 

other IUI studies. But before we go into the micro material, an 

overall view of the development of labor productivity and output 

in Swedish manufacturing industries is presented. 

Industrial Production and Labor Productivity in the Post-War Period 

In Figure 2, annual rates of growth of production and la bor pro

ductivi ty in various industries in each five-year period since 1950 

are represented. There was a tendency in virtually all industries 

for both of these variables to increase up through the period 

1960-64 (in several cases through 1965-69) but then to decline. 

l B Carlsson et .!!, Teknik och industristruktur • 70-talets ekono
miska kris i hIStorisk belysnrng-(Technology and IndustrlaI Struc
ture. 't1le""EC"onomlc Crisls of the 70's in Histor ical Perspective), 
IUI, IV A, Stockholm 1979. 



Figure 2. Annual increases in production and labor productivity in Swedish manufacturing industries 1950-1977 
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Figure 2. Continued 
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This seems to foHow the pattern observed in other countries as well. 

Upon closer examination, it turns out that until the mid-1960's 

there was a tendency for output and labor productivi ty to increase 

at roughly the same rate. After that, the rate of growth of pro

duction fell while that of labor productivity remained at a 

high level until the mid 1970's. But then it not only diminished 

but it actually became negative in many industries. This suggests 

that up to 1965, investments tended to increase output, whereas 

af ter that the element of rationalization or capital substitution 

for labor seems to have increased in importance. If this is true, 

it would be consistent with the view that major or basic innova

tions were exploited up to 1965 and that beyond that time innova

tion has been largely of the improvement type. 1 

Labor Productivity in New (Best-Practice) Plants 

In connection with the IUI-IYA study, a questionnaire was sent 

out to a number of persons (mostly engineers and members of 

the Royal Swedish Academy of Engineer ing Sciences, lYA), each 

w i th a great deal of exper ience of a particular technical field, 

covering at least the period since 19.5.5.2 

Among other things, these persons were asked to descrlbe the ma

jor technical (or technological) changes which have occurred in 

the post-war period in their respective fields. They were also 

asked to supply data on the development of labor productivity in 

new (best-practice) plants in their own field over time. The re

sults in the latter regard are shown in Table l. 

1 See the definitions on p 7-8 above. 

2 The questionnaire was sent to 58 persons out of which 47 re
sponded. However, 10 persons answered only part of the questions 
or referred to other persons. 
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Table 1. Examples of Labor Productivity Change in New Plants 1955-1975 

Industry----------P'rödUctrvny-----------Ännuäfp!ercentäie-chånge-
Measure 1955- 1965 1955-

Extractive industries 

Iron ore industry 
Forestry (logging) 

Raw material 
processing 
Pulp and paper 

industry 
Ethylene 

production 

Intermediate goods 
Commercial steel 

Steel pipes 
Steel forging 

Investment goods 
Hea t exchangers 

Hydro-power 
generators 

Marine turbines 
Shipbuilding 

Consumer goods 
Phar maceut lcal s 
Food industry 

Canning and 
freezing 

Sugar industry 

Tons of rock/man ho ur 
m3/working day 

Tons/man hour 

Tons of ethylene 
/man hour 

Tons of crude steel/ 
man hour 

Tons/man hour 
Tons/man hour 

m2 of heat absorbing 
surface/man hour 

MVA/man hour 
kW/man hour 
Tons of Steel/man hour 

Tons/man hour 

Tons of finished 
goods/man hour 

Tons of beets/man hour 

a Refers to 1960-1965. 

b Refers to 1960-1970. 

65 75 75 
(l) (2) (3) 

7.9 
7.2 

11.6 

14.5 

6.0 

3.6 
6.5 

7.2 

1.0 
7.2 
7.2 

1.4 

13.1~ 
2.7 

3.4 
11.6 

0-
3.4 

6.0 

4.8 

5.8 
2.5 

7.2 

3.6 
-4.5 

1.0 

2.5 

4.3 
4.1 

5.6 
9.4 

(5.9) 
5.6-
7.4 

10.2 

(3.0) 
5.4 

4.7 
4.5 

(2.6) 
7.2 

2.2 
1.2 
4.1 

(0.4) 
1.9 

5.4 
3.4 

Sources: B Carlsson et al, Teknik och industristruktur. 70-talets ekono
miska kris i historiskbe~snin~ (Technology and Industrlal Structure. The 
Economic CrIsis of the o's in Historical Perspective). IUI, IV A, Stock
holm, 1979, p 141. 
B Carlsson and GOlavi, "Technical Change and Longevity of Capital in 
a Swedish Simulation Model", in G Eliasson (ed), A Micro-to-Macro Model 
of the Swedish Economy. IUI Conference Reports, 1978:1. IUl, Stockholm, 
1978. 



17 

The table provides a number of examples of the labor productiv

ity change that took place between plants built in 1955 and 

plants built in 1965, in the first column, and in the second col

umn between plants built in 1965 and plants built in 1975. In a11 

cases the figures refer to newly built plants after debugging. The 

Table indicates, for instance, that in ethylene production in the 

petrochemical industry, labor productivity in a new plant built in 

1965 was almost three times as high as in plants built in 1955, 

implying a 14.5 96 annual change in best practice labor productiv

ity. However, an ethylene plant bunt in 19n had oniY 80 96 high

er labor productivi ty than one buil t in 196.5, i e best practice Ja

bor productivity increased by a more modest 6 96 annually. An in

spection of the table shows that the figures in the first column 

are generally higher than those in the second column. l The Table 

shows, therefore, that the rate of technical progress measured in 

these terms has slowed down in many areas in the last decade re

lative to the earlier decade. 

In interpreting the Table, several things should be borne in mind. 

The technologies listed are relatively old and weU-established. If 

a new technology follows an s-shaped pattern over time (that is, 

if the rate of technical progress is slow in the beginning, fast 

during a certain period, and again slower as the technology ma

tures), this slowing is to be expected; it is, therefore, not neces

sarily true that overaU technological change has slowed down in 

the last ten years. It may well be rapid in other areas not listed 

in the Table, e g in electronics. 

In th~ Table, the examples have been grouped according to the in

dustriai classification used in a Swedish micro-to-macro simula-

1 In one area, marine turbines, labor productivity actually fel1 
between 1965 and 1975. This is due to shorter production runs dur
ing the crisis in the world shipping and shipbuilding industries 
from 1974 on. It is somewhat doubtful, however, if the figures 
given can be said to represent current best practice, since there 
has been no new plant built in recent years. 
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tion model. Thus, it would appear that the rate of technical prog

ress was higher in the extractive and raw material processing in

dustries than in other industries in the period 19.5.5-6.5. For the 

196.5-7.5 period il is more difficult to distinguish any such diffe

rences among industries. The information is simply too scanty to 

draw any firm conc1usions in this regard. 

Simulations carried out on the Swedish micro-to-macro model indi

cate that the rate of increase of labor productivity in best-prac

tice plants 19.5.5-197.5 must have been considerably higher in the 

raw mater ial processing industries than in other industr ies; other

wise it is not possible to reconcile observed data on investment 

with the observed average labor productivity increases in each in

dustry.l The figures obtained in these simulations are given in 

parentheses in column 3 in Table l. For all manufacturing the es

timated rate of increase (a weighted average) amounts to 2 • .5% per 

annum. The figure for the raw material processing industry (.5.9% 

per year 19.5.5-7.5) coincides fairly well with the figures for the 

paper and pulp industry. This industry makes up a very large part 

of the whole raw material processing sector. But otherwise there 

seems to be little correspondence. The la bor productivity growth 

rates do seem to be somewhat higher in the intermediate goods 

industr ies listed in the table than in investment goods, in keeplng 

with the simulation results. But the discrepancies seem fairly 

large for the consumer goods industries. 

Of cours e, we are dealing here with only a small sample of acti

vities in each industry. It is impossible to know how representa

tive they are. But as far as we know, this is the first attempt 

that has ever been made to measure technical progress in best

practice plants over a wide spectrum of activities. Thus, even 

though it is not yet c1ear what conc1usions may be drawn, this is a 

line of inquiry which we intend to pursue in our further research. 

l B Carlsson and GOlavi, op cit. 
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Another thing that should be kept in mind is that the economic 

growth rates in most industries have been generally lower af ter 

1965 than before. This is true not only for Sweden but also for 

other industr ial countr ies. It is argued in Carlsson-Waldenstr öm 

(1980)1 that for a number of reasons the major benefits of cer

tain basic innovations introduced on a large scale after the Sec

ond World War had been reaped by the mid-1960's. In addition, 

the lion's share of the resource re-allocation resulting from the 

opening up of trade and factor markets after the War had also 

been exhausted during the 1960's. This led to a decline in econo

mic growth in the industr ialized countr ies in general. 

This slowdown in economic growth may mean (1) that the rate of 

introduction of new technologies (i e innovation) has slowed down 

even if the rate of invention has not, and (2) that it may not 

have been possible to increase the scale of new plants at the 

same rate as earlier. Therefore, in order to understand more fully 

what has happened to the rate of technological change and labor 

productivity in best-practice plants, it is necessary to go con

siderably beyond Table l. In the following section an attempt 

will be made to give a more complete picture of each technical 

field than can be represented by a few figures. The emphasis will 

be on the nature of innovations in each field, on the rate of 

growth of output and on scale economies. The information which 

is presented is drawn largely from the questionnaires upon which 

the table is based. For obvious reasons it will not be possible to 

cover all the areas in detail; onlyasample will be examined here. 

Iron ore industry. The data for this industry refer to underground 

mines in central Sweden. In 1955, 75 man-hours were required per 

ton of rock. This figure was reduced to 35 hours in 1965 and 

l Carlsson-Waldenström, op cit. 
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2.5 hours in 197 .5. At the same time, the volume of production in

creased from 2.6 million tons in 19.5.5 to 3 • .5 in 196.5 and 4.0 in 

197.5 (i e, increases of 33% in the first ten-year period and 15% 

in the latter period). The main technical changes which facili

tated the productivity increase were (1) the introduction of ce

mented carbide drill bits immediately af ter the Second World 

War, which have revolutionized mining techniques; (2) the transi

tion to trackless, diesel-driven transport equipment, which permit

ted large-scale underground mining operations; (3) further develop

ment of flotation processes for ore enrichment, permitting a high 

degree of ore purification and the production of so-called super 

concentrates; and (4) improvements in the techniques of grinding 

and sorting. 

Commercial steel. There has been a great deal of technological 

change in the steel industry since World War II. There have been 

both process and product innovations. Examples of the former are 

oxygen steel processes, Jarge-scale and highly efficient blast fur

naces, direct reduction processes, AOD and other oxygen process

es for stainless steel, so-called secondary metallurgy, i.e. further 

processing of crude steel af ter the steel furnace (vacuum and in

jection methods), continuous casting, wide strip mills for hot roll

ing of steel, high speed thread rolling milIs, precision cold rolling 

of wide strips, extrusion of stainless tubes (also other alloys), and 

methods for producing high quality welded tubes. 

Examples of product innovations are stainless and acid resistant 

steeJ for the chemical industry; new heat resistant steel qualities; 

new welded and tool steels; nickel, titanium and zirconium alloys; 

high strength, Jow alloyed (HSLA) steel; compound materials for 

tubes and strips; plastic coated galvanized steel; etc. 

Before the See ond World War there was only one Jarge commer

cial steelworks in Sweden. During the interwar period and the 

War the Swedish steel industry became strongJy oriented towards 
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the domestlc market. At the end of the War, with much of the 

rest of Europe in ruins, the Swedish steel industry re-oriented it

self towards new products and international markets. Two new 

large-scale steel milIs were buUt, specialized in products for the 

rapidly growing shipyards both in Sweden and throughout Europe. 

The Swedish commerdal steel output increased from 1.6 Mtons in 

1955 to 3.4 Mtons in 1965 and 4.0 Mtons in 1975. 

Through the large investments that supported this rapid expansion 

up until the mid-1960's, new technologies were introduced. Thus, 

Sweden was a relatively early adopter of both basic oxygen con

verters and continuous casting. See Figures 3 and 4. Sweden was 

also in the forefront in research on sponge iron and other direct 

reduction methods. Up until 1957, Swedish blast furnaces were 

the most fuel efficient (and therefore among the most economi

caj) in the world. But even though the new plants that were built 

represented giant steps relative to earlier capacity, they were 

small in comparison with new steel plants being built elsewhere. 

In particular, the Swedish steel industry seems not to have been 

aware of, or to have ignored, the development in the Japanese 

steel industry. In 1960 there were only a few integrated steel

works in the world which were more than twice the size of the 

largest Swedish ones. But in 1975 there were at least 50 steel

works more than twice as large. 1 

In the IUI-Iv A study an attempt was made to ass ess the relative 

technological position of leading Swedish firms in various techni

caJ fields over the postwar period. One of the conclusions of this 

study was that ordinary steel was one of the few areas where 

Sweden had lost an ear lier technological lead. As far as technical 

1 B Carlsson, Internationell konkurrenskraft hos den svenska järn
och stålindustrin ~ massa- och ~a~persinduStrT"n med hänsyn till 
energikostnaden, mlmeo, 101, Stock o m, 1980, p 5. 
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Figure 3. Shares of bask oxygen steel in total crude steel ~ 

put in certain countr ies 19 '6-1968 
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Figure 4. Shares of continuousJy ~ steeJ in ~ crude steeJ 

production in certain countries 1960-1970 
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know how is concerned, Sweden was found still to be in a leading 

position. But due to the scale factors and to the situation in the 

international steel market, it had not been possible in the last 

ten years, at least, to embody this knowhow in new, large-scale 

plant and equipment. 

A sim ilar development has been charactedstic of the Swedish spe

cial steel industry as well. Here Sweden has long historical tradi

tions. The share of special steel in total steel production is about 

twice as large as that of any other major steel producing country 

(about 2596 in Sweden, compared to 1596 in West Germany and 

the U S)I. According to the IUI-IVA study, Sweden has maintained 

a position on the technological frontier throughout the post-war 

period, although it is no longer ahead of the major competitors. 

But again, as far as scale is concerned, the Swedish position has 

deteriorated. See Table 2. According to the Table, the Swedish 

electr ic steel furnaces {used for sm el ting and refining scrap into 

crude steen were the largest in Europe in 1960 but the smallest 

of all the countries in the comparison in 1975. 

For comparison it may be mentioned that in a certain stainless 

steel plant, the la bor productivi ty increased by 7.496 annually 

1960-1965 and by 2.896 per year 1965-1975. At the same time, to

tal Swedish production of stainless steel increased by 9.396 an

nually in 1960-6.5 and by 4.3% 196.5-75. 

Steel tubes. The data in Table 1 refer to a company which built 

a new plant in 1953-.55 af ter a fire in an old plant. In the old 

plant, 9 700 tons of steel tubes were produced in 1952, with a 

la bor input of 28 man-hours per ton. Af ter the new plant had 

been brought into normal operation in 1959, the output level was 

approximately 20 000 tons and the labor input requirement was 

13 man-hours per ton. Through growth in demand, the output level 

l Ibid, P 5. 
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Table 2. Average annual output of electric steel furnaces in 

certain countr ies, 1960-197 , 

l 000 tons 

1960 1975 

Sweden 15.1 22.7 

West Germany 12.8 28.2 

France 12.3 29.3 

Poland 12.5 29.1 

USA 25.3 71.9 

Japan 7.1 25.0 

Source: ECE, Structural Changes in the Iron and Steel Industry, 
1979, p 73. 

in the new plant was increased to 39 000 tons in 196', with a 
labor input of 7 man-ho urs per ton. The output 1eve1 reached 

49 000 tons in 1970 but feU back to 39 000 tons in 197' due to 

the business downturn. The labor input in 197' was 4 man-hours 

per ton. 

Thus, most of the reduction in the labor input in this case can 

be attributed to increases in the output level. This has been 

achieved, in tum, by increasing the speed of the production equip

ment. The production level in 1980, 49 000 tons, could be increased 

to 65 000 tons through some minor additional investments. This 

would correspond to 20 tons of output per hour. In a completely 

new plant it is estimated that the production level could reach 

30 tons per hour - provided that the demand is sufficient. The 

major constraint on further productivity increases at present 

seems to be the slow growth of demand for the industry's prod

ucts in general. 
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The main technical changes as far as steel tubes are concerned 

have been improvernents in the welding and controi techniques 

which have permitted welded tubes to gain market shares from 

seamless tubes. Changing from low to high frequency resistance 

welding has essentially raised the quality of welded tubes, while 

the introduction of so-called inductive testing and ultra-sound test

ing has replaced older and slower testing techniques and made 

the controls more reliable. 

The story is very similar for steel forging. The data in this case 

refer to a plant built in 1952 which has been successively expand

ed. The production level was 2 500 tons in 1955, 7 000 tons in 

1965 and 10 000 tons in 1975. 

Technical change in this area has been gradual. The very long 

production runs which have been achieved in forging axles for 

passen ger cars have facilitated the introduction of mechanized 

special purpose machines with very high productivity. However, 

these machines have found much wlder application elsewhere than 

in Sweden where the production runs are relatively short. For spe

cial purposes, cold forging, hydrostatic extrusion and powder tech

niques have been used increasingly. 

The petrochemical industry. The production of basic petrochemi

cal products, such as ethylene, was nonexistent in Sweden prior 

to 1963. Instead, the organic chemical industry was based on wood 

liquor (for production of ethylene oxide, e g) and on carbide ace

tylene (for production of carbide and other polymers, such as po

lyvinyl chIoride, PVC), which in its turn was essentially based on 

cheap hydro-electric power. Up until 195.5 this domestic industry 

was flourishing, but by the end of the 19.50'5 the demand outgrew 

the supply capacity. For a number of reasons it was found unprof

itable to base the future expansion on domestic raw materials. 
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Instead, a switch was made to imported naftha,. A steam cracker 

was built with an initial capacity of 50' 000 tons in 1963. By 

1969 the capacity had been raised to 200 000 tonsannually and 

to 325 000 tons in 1975.1 It is estimated that a completely new 

best-practice plant by then would have had a capacity of approx

imately 500 000 tons. Figure 5 iJlustrates the corresponding de

velopment in the part of the petrochemical industry, namely ethy

lene oxide production.2 

The la bor productivi ty increases in this industry, therefore, have 

been the result primarily of increased scale: the labor force of 

the steam cracker increased from 175 persons in 1965 at an out

put level of 50 000 tons to 225 persons in 1975 at an output 

level of 325 000 tons. Besides increasing scale, other technical 

changes which have influenced the industry have been improved 

storage techniques (e g through underground storage of liquid 

gases, a genuinely Swedish technology) and significantly reduced 

ocean transport costs for oH as well as finished products. 

l L Davidson, M Ericsson, G Noren and E Rensfelt, Organisk
kemisk industri i Sverige (Ingenjörsförlaget AB, Stockholm, 1975), 
pp 169-196. 

2 The figure also illustrates the problem that the meaning of 
best-practice plants is not always c1ear. In a given country there 
may not be any new plants built over long periods; and then, 
after they are built, it may take a long time before their full 
capacity is utilized. 
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Figure .5. Capacity and output in the Swedish ethylene oxide 

industry 194.5-197.5 
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Canning and freezing 

The main technological changes in this industry since World War 

II have been the following: 

a) Deep freeze technology was introduced on a commercial basis 

in Sweden at the end of the 1940'5. This involved highly effective 

freezing apparatus and a system of storage and distribution of 

food in an unbroken chain. More and more products could be frozen 

at reasonable prices. Sweden is second only to the United States 

in per capita consumption of frozen food: 21 kg/capita vs. 40 kg 

per capita in the U.S. (1975 data). 

b) Drying techniques permit the food to maintain its sensor y and 

nutritional quality af ter treatment. 

c) Industrially prepared infant foods, both dried (e g in powder 

form) and sterilized (in glass containers) have gained rapidly in 

importance since World War II. 

d) Continuous processes, such as sterilizing, deep frying, etc, 

have lowered costs and increased the quality of the products, 

thanks to improved process control. 

e) HTST (High Temperature, Short Time) sterilizing of food is a 

technology which has been developed since the War. 

f) New packaging methods have been developed. 

Many of these innovations, particularly having to do with the pre

paration and distribution of frozen food, have been developed or 

improved in Sweden. According to the IUI study mentioned above, 

Sweden has been on the frontier, along with the United States, in 

this technology ever since the 1940'5. But as far as canning (pas

teurizing and heat sterilizing) technology is concerned, Sweden re-
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mains behind countries such as France and West Germany be

cause of diseconomies of small scale: the Swedish production is 

too small to support investments in the most modern and effi

cient equipment. 

According to Table l, labor productivity in canning and freezing in

creased by 13.1% per year 1960-65 and by 4.3% per year 1965-75. 

In the food industry in general, the main technological changes 

have been new products (i e, various types of industrially prepared 

food), continuous rather than batch production processes, auto

mation of production processes, so-caUed Cleaning In Place 

Systems, the development of non-corrosive materials such as tita

nium which have led to changes in food processing machinery. 

All these changes, in addition to the development in the trans

port systems area, have led to a concentration of the food indus

try to large, specialized units. This specialization and utilization 

of scale economies seems to have slowed down in recent years, 

but the industry has barely begun to apply automation and compu

ter technologies. 

Summary of the Empirical Evidence: The Importance of Scale 

Economies 

The conclusion that can be drawn from this survey of various in

dustries is that the slower rate of growth of labor productivity in 

best-practice plants after 1965 compared with the ten-year pe

riod before 1965 can be largely attributed to two factors: 1) The 

slower rate of growth of demand has slowed down the introduc

tion of new technology. 2) Scale economles seem to have incr .. lI. 
generally faster than the rate of growth 01 production, at 

least in Sweden. In the expansive period up through the 1960's a 

great deal of pre-World War II plant and equipment was scrapped 

and replaced by new and vastly m«e productive technolOSies. 
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The re-orientation of the Swedish economy toward international 

markets and away from the domestic ones in connection with the 

liberalization of world trade, the formation of EFTA and EEC, 

etc, entailed a specialization in areas where Sweden had compara

tive advantage. This meant, among other things, that scale econo

mies eould be utilized, of ten far beyond the smaJl domestic mark

et. However, the teehnological and other advantages which Sweden 

enjoyed in comparison with the war-torn economies of Western 

Europe immediately after the war began to diminish as the other 

countries re-buiJt their economies. The degree of international 

eompetition inereased, making it more difficult to gain shares in 

the international markets. In the course of the 1960's it became 

more and more difficult to maintain the rate of growth. If, 

as see ms likely but has not been shown conclusively to be true, 

scale economies continued to grow at an undiminished rate, a ris

ing number of industries found themselves pushing against the 

capaeity constraints of their present plants but unable to take 

the giant steps into a new generation of scale-efficient plants. In 

order to aceornmodate new plants with relatively slow demand 

growth, it would have been necessary to scrap older plants which 

were not yet obsolete. The lure of tremendous scale economies 

led to world-wide overinvestment. This seems to have occurred, 

e g in the steel industry, in shipping, and in heavy chemicals. 

The new and highly efficient plants simply forced down the 

price, thereby squeezing out many not yet very old but already 

too high-eost plants. 

Thus, part of the decline in the growth rate of demand experienced 

by Swedish firms af ter 1965 may be attributable to increased 

competition in Western Europe resulting from economic integra

tion and reconstruction after the War. Sweden reached a peak in 

its growth rate earlier than other European countries (see Figure 

1). When these countries caught up and built new plants, these 
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were of ten larger than the newest Swedish ones. This pushed 

down the price level, making it difficult for Swedish firms to 

maintain their international market shares.l This may have been 

experienced by Swedish firms as a dec1ine in the growth rate of 

demand. 

Increasing Distance between Average and Best Practice 

If it is true that scale economies have outpaced the growth of 

demand, one would expect the gap in productivity between aver

age and best-practice plants to increase over time. To what ex

tent has this been true? 

This is an issue which has been illuminated in several IUI studies 

in recent years. Several Swedish industries have been studied: 

milk processing in dairy plants, the partic1e board industry, the 

paper and pulp industry, blast furnaces, and hydroelectric power 

plants. In all of these cases the result is the same, namely that 

the difference between average and best practice has increased 

over time. A few examples are given below. 

In Figure 6 the shifts of the average and best-practice produc

tion function betweeen 1964 and 1973 in the Swedish dairy indus

try are iUustrated. It is easily seen that the difference between 

average and best practice increased over this period. The same is 

true also if one looks at single factor productivity (e g la bor pro

ductivity).2 

l The declining Swedish market shares af ter 1965 have been an
alyzed in E Ch Horwitz, "Världshandeln, marknadsandelar och 
svenska kostnader" ("World Trade, Market Shares and Swedish 
Costs") in B Axell, S Gustafsson, B HolmIund, E Ch Horwitz, Ut
rikeshandel, inflation och arbetsmarknad (Foreign Trade, Inflation 
and the [aOOr Market), 101, stockholm, 1979. 

2 See F R F~sund and L Hjalmarsson, Anal~sis of Industrial 
Structure: A Production Function Approach, fort commg tut stUdy. 
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Figure 6. The change in the frontier and average production 

function through time 
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Another example is provided in Figure 7. It shows the develop

ment of average and best-practice capital productivity in Swedish 

hydroelectric power plants 192.5-197.5. Here, too, the difference 

between average practice (the lowest curve) and bestpractice 

(measured in several ways) has increased over time. 

One implication of these flndinls is that slow demand gro~ in 

industries with rapid technlcal change (perhaps in the form .f 

scale economies) leads to very great differences in comp~v.t~v~ 

ness among firms within the industry. It is the average which de

termines the international competitiveness. If clemand for the in

dustry's products grows faster abroad than at home, chances are 

that foreign firms will be able to update their plant and equip

ment much faster than domestic firms. Thus, the ill~natiooal 

competitiveness of the ' domestic industry will diminish, making it 

more difficult to generate the funds necessary to buUd new ca

pacity when old plants have to be phased out. 

How big a problem this is in a given country depends on its com

position of output and on its economic growth rate. A country 

that is heavily committed to a certain set of mature technologies 

may have difficulties untU it can switch to new areas where 

technological progress is faster. 

Some Further Aspects on the Relationship between Output 

Growth and Productivity 

In this section, two examples are given, iUustrating the possibilities 

of raising productivity that arise when output volume grows as 

weil as the difficulties one encounters in maintaining productivity 

growth when demand fails to increase. 
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Figure 7. Capital productivity in the Swedish hydropower sector 
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The first example is an illustration of how productivity may in

crease as output grows even without . capital investment. It is 

taken from the Swedish iron and steel industry.1 

In a hot strip mill buUt in 1952 there were no investments made, 

other than replacements of worn-out equipment, over the whole 

period 1953-1977. In spite of this, labor productivity increased by 

an average of 3.7% per year. This result resembles very closely 

that reported by Erik Lundberg for the steelworks at Horndal, 

commonly referred to as the "Horndal effect".2 

How was i t possible to double the output per working hour over 

17-18 years without any new investment? 

The most important explanatory factor has to do with economies 

of scale. When production was originally started up in the new 

plant, onJy a fraction of the total capadty was used.3 As the de

mand grew, more and more of the installed capadty was util

ized. Thus, it was possible to increase production without increas

ing either the la bor force or the invested capitaJ. Each produc

tion batch simply grew larger. 

In addition to the increase in output which in itself had benefi

dal effects on productivi ty, other measures were taken. One such 

measure was a concentration of the product assortment to certain 

dimensions and qualities of products. Another measure was 

l This example is based on a study by Lars Vinell which was sum
marized in B Carlsson et !!" ~ dt, pp 131-2. A more complete 
report is forthcoming. - -

2 See E Lundberg, Produktivitet och räntabilitet (Productivity and 
Profitability). SNS, Stockholm 1961. 

3 Cf the situation shown in Figure .5 af ter each expansion of ethy
lene oxide production capadty. 
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standardization of the products which further reduced the assort

ment. Through actions of this type, the production runs were 

lengthened, making it possible to increase the weight of the 

sernis to be processed. This meant that the number of rolling op

erations was reduced for a certain tonnage of finished products, low

ering capital and labor as wel1 as energy inputs per ton of out

put. lt is difficult to imagine the productivi ty increase in this 

case without a substantiai increase in output. 

Another example of the interrelatedness of productivity increase 

and output growth is provided by another recent IUI study,l 

which examines the transition from a functional layout of a partic

ular plant producing small electrical components, contactors, 

along with many other products, to an integrated product layout 

designed for only contactors. In the original plant, each step in 

the production process was carried out at a specialized station 

(one for welding, one for dril1ing, etc) which performed the same 

function for all products. In the new organization, all operations 

pertaining to the production of contactors were broken out of 

this functional scheme and put in a separate plant. In connection 

with this change, many of the operations were mechanized or auto

mated and connected via an automatic transport system of the 

assembly line type. This vastly reduced the need for interior 

stocks, thus reducing the capital tied up in the process, even though 

the purchase of newautomatic machinery involved substantiai 

investments. The amount of paperwork was also great ly reduced 

along with many manual operations, thus reducing the labor force 

and increasing productivi ty. 
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However, it is important to not e that these changes could be car

ried out only af ter the production volume reached a certain lev

el. Similar attempts to re-organize production and increase pro

ductivity have been made in other departments but have been se

verely held back by insufficient production volumes over which 

the investment costs could be spread. The company has also point

ed out (1) that the success or failure of a re-organization such 

as this is very largelydetermined by whether or not the project

ed output levels are reached, and (2) that a fully integrated prod

uct-oriented plant is highly inflexible; it cannot be used for any 

other activity than that for which it was designed without very 

large adjustment costs. 

Conc1usion 

The results of the present micro-based study seem to be consist

ent with the loose but highly suggestive results of earlier, more 

macro-oriented studies. The present results emphasize the negative 

impact on productivi ty of a slow-down in economic growth. This 

mechanism was pointed out e g in a 1954 study by Svennilson.1 

However, this is not to deny that there is also a reverse re la

tionship, i e that productivity influences growth; this is c1early 

a two-way street. The slowdown of economic growth that has oc

curred since the mid-1960's throughout the industrialized world 

can be attributed to a number of factors (slower progress in 

trade liberalization, exhaustion of the most obvious potentials for 

resource re-allocation in connection with increased international 

division of labor, the breakdown of the Bretton Woods system of 

fixed exchange rates, the exhaustion of cheap energy and of 

la bor reserves in agriculture, etc).2 

1 I Sve~nilson, 9rowth !!!5L Sta,ation in ~ European Economy, 
ECE, United Nations, Geneva, 1 '4, p 51. . 

2 See e g B Carlsson and E Waldenström, op cit. 
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A staJemate in the deveJopment of basic inventions as suggested 

by Mensch and others may also have occurred. The results of the 

present study at least do not contradict that hypothesis. There 

seems to have been a fairly steady flow of relatively minor inno

vations (both new products and new processes) but few major or 

basic innovations in the areas studied in this paper. An important 

aspect of the technkal improvement that has taken place is that 

economies of scale seem to have increased in virtually all areas 

studied. Scale economies seem generally to have outpaced the 

rate of growth of demand, leading to global overcapacity, great er 

specialization, and a higher degree of concentration in many indus

tries. This has forced many businesses into putting great empha

sis on increasing the volume of production as a means of surviv

al. When demand fails or fluctuates, the firms are in trouble, be

cause the very scale economies that make them competitive also 

make them highly inflexible and therefore vulnerable. 

These phenomena are probably not restricted to a small economy 

such as Sweden but are rather more general. However, Sweden 

may be har der hit than other industrial economies, for two reas

ons: (1) Due to its comparative advantage in raw material pro

cessing, Swedish industry is heavily oriented towards industries 

where scale economies continue weil beyond the size of the nation

al market. Thus, in order to take advantage of scale economies 

in the future, Swedish firrns may have to gain market shares 

from other competitors. (2) The international demand for raw 

materials generally increases more slowly than that for other prod

ucts. 1 This means that these industries generate less dynamic 

force in the economy than other industries. Thus, even if techno-

10gkal change takes place in these industries at the same rate as 

l See e g Horwitz, op cit. 
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in other sectors of the economy, the impact will be smaller on 

the economy as a whole. (3) If it is true, as was hypothesized 

earlier, that technological progress is faster in new areas not cov

ered in this paper than in traditional ones, the orientation of 

Swedish industry may render Sweden less able than other countries 

to take advantage of new technologies in those new areas of 

economic activity. 

What, then can be done to deal with increasing economies of 

scale? One obvious response is to specialize in areas where scale 

economies are exhausted at a relatively small scale. However, 

the present paper indicates that these areas may not be very nu

merous. Another strategy is to organize production in such away 

that scale economies can be reached by designing multi-purpose 

components that can be produced in large series. Many Swedish 

firms seem to be successful at this. Vet another possibility is to 

try to combine automation (which requires large scale) with a 

high degree of built-in flexibility. This requires new ideas in the 

organization of production, in product design, in programming ma

chinery and process controi equipment, etc. Progress in this area 

seems to have been slow so far. 

Of cours e, an obvious solution to the present difficulties would be 

if a sudden burst of innovations were to occur. Could the electron

ics revolution break the impasse? Many people think so. Others fear 

its impact on employment. How far will the process of Sehumpeterian 

"creative destruction" take us? These are topics that are deal t with in 

another paper. 1 

l G Eliasson, Electronics, Technical Chanle and Total Economic 
Performance, lUt Research Report no 9, 19 O. -


