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Summary

Plastics are already one of the world’s main groups
of industrial materials ; in volume terms, world
plastics consumption is now greater than that of all
non-ferrous metals combined. The main point that
emerges from international comparisons is West
Germany’s predominance in production and exports
(and also in exports of plastics machinery). German
production of plastic materials in 1961 was 19 kilo-
grams per head, compared to 17} in the United States
and 12 in Britain. This is not due to lower costs.
In material costs, Germany has been, if anything, at a
disadvantage : she had only a small petro-chemicals
industry in the early post-war years, and she has very
little natural gas. In labour costs (which in any case
are not very important in this industry) and in plant
costs, again there is no evidence of any marked
German advantage over her competitors. In general
her quoted prices were not below those of other
countries,

Technical progress seems to be the main explanation
of Germany’s lead : this needs a long time-span for
analysis, since scientific advances may need a decade
or more before they show themselves in commercial
production. Three measures of technical progress are
attempted in this article : research expenditure ; the
analysis of patents ; and the analysis of innovations.
On all three counts, the most noticeable fact is the
dominating position of the German firm of I.G.
Farben in the inter-war years and up to 1945. There
is little doubt that this firm spent more on plastics
resecarch than any other chemicals firm ; in the period
1931-45 it took out more than twice as many patents
as its nearest competitor—and this is still true if the
analysis is restricted to key patents only; finally,
L.G. Farben was the innovator of a large number of
the materials which now make up the bulk of plastics
output. The success of this firm was no doubt helped
by the fact that in the inter-war years as well as in
wartime the development and production of substitute
raw materials was an important strand in German
economic policy.

This article was prepared by C. Freeman, assisted by
Miss A. Young and Mrs. J. Fuller, of the National
Institute. The study was made possible by financial
contributions from the Organisation for Economic
Co-operation and Development, who hold the copyright.

From 1945 to 1952 1.G. Farben was being
reorganised. In this period, American firms took the
lead in technical progress in plastics, and British
firms—notably [CI—also appeared among the leaders.
By the second half of the nineteen-fifties, the successor
firms to I.G. Farben were again coming back into
prominent positions in research, development and
innovation.

Technical progress results in leadership in produc-
tion in this industry, because patents and commercial
secrecy together can give the innovator a head start
of as much as 10-15 years. Other countries, it is true,
may shorten the catching-up process if they are in a
position to purchase the technical know-how, or if
they are countries in which the innovating firms set up
subsidiaries (as American firms have done in Japan).
Even after patents expire, accumulated experience will
help to keep the innovator in the lead, and he will be
in a better position to produce new and improved
grades of material. But, for the standard grades, new
producers with cost advantages may after 15-30 years
eventually challenge the innovating firms. Thus, some
thirty years after the United States and West Germany
first produced PVC, Italy and Japan are now over-
taking these countries in per capita production ; for
they have advantages in costs of production and are
able to quote lower prices.

In explaining the country pattern of consumption,
other factors come in ; it is not wholly a matter of
technical progress in production—for instance,
Sweden, with no production of polyethylene, has a
higher level of consumption per head than either
Britain or Germany. The progressiveness of the user
industries is important here. On this point, the
comparison of the British and German patterns of use
is instructive—in so far as our inadequate statistics of
plastics consumption by industry permit a comparison
to be made. The differences in the use of plastics
between the two countries are much more marked in
the old industries, such as construction, than in the
new industries, such as vehicles and electrical engin-
eering. German plastics materials manufacturers have
stimulated applications in these old industries : for
instance, they encouraged the development of chip-
board, whose output in Germany in 1961 was over
1 million cubic metres, compared to 85 thousand
cubic metres in Britain. This industry consumes
enormous quantities of glue made from plastic
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materials which were developed by I.G. Farben.
Apart from this, plastics are used much more widely
in the German construction industry for roofing,
panelling, thermal insulation and interior fittings of
all kinds.

Two other general factors are briefly considered.
First, there is the possible connection between faster
economic growth and high plastics production—there
is some evidence that in fast-growing economies the
switch to new materials is made more easily. Secondly,
there is the question of the importance given to the
plastics industry in those countries with economic
planning. In the USSR it seems that the planning
agencies, by excessive devotion to steel, have hitherto
held back the growth of the plastics industry, but
in Japan they have apparently provided a stimulus.

Introduction

Although its ‘ centenary ’ is being celebrated this
year, the plastics’” industry is really not much more
than 50 years old. The production of cellulosic
plastics (celluloid) began in the latter part of the 19th
century, and the commercial production of protein
plastics (Galalith) began at the turn of the century.
But these early materials were based on naturally
occurring polymers, which today account for less than
10 per cent of world production. The truly synthetic
phenol-formaldehyde plastics (better known as
Bakelite) were introduced just before the First World
War. The three best-known plastic materials today
are probably PVC (polyvinyl chloride), polyethylene,
and polystyrene, and all of them are less than 35 years

old. Together they now account for over half of
total world plastics output.

Plastics, although comparatively new, are already
one of the world’s main groups of industrial materials.
World plastics consumption, by weight, is now
larger than that of either copper or aluminium.
However, the low specific gravity of most plastic
materials gives them a weight advantage over most
metals, so that in volume terms world consumption is
greater than that of all non-ferrous metals combined,
although still less than a quarter of world steel con-
sumption. Plastics, judging from past growth rates
(table 1), will continue to gain rapidly on conven-
tional materials. Their production, although not
necessarily their fabrication, is now undertaken mainly
by chemical firms, and they are the fastest growing
main sector of the chemicals industry, which is itself
a ‘ growth industry ".

Their growth rate is high mainly because plastic
materials have outstanding technical and cost advan-
tages in a wide range of applications.!'l Plastics are
light, easy to fabricate and install ; they have good
electrical insulation, excellent resistance to corrosion
and pests and low maintenance costs ; many can be
made in a wide range of colours, or transparent.
Plastics have some disadvantages—for example, the
rather limited temperature range within which many
of them can be used. MNevertheless their remarkable
success in a very short space of time suggests that they
will be increasingly important in the later part of this
century.

{11Plastics are man-made materials which can be made to flow on the application of adequate heat and pressure, and take up
a desired shape. This shape is retained when the applied pressure and heat are withdrawn. They differ from similar man-made
materials, such as glass and ceramics, in their organic origin. They are composed of giant molecules of organic substances based
on chains of carbon atoms. For casein and cellulosics, these chains (polymers) are of natural origin, but the great majority of
polymers are now synthesised from simple chemical units, or monomers.

The classification of plastics is necessarily somewhat arbitrary and there are synthetic materials which correspond to this definition
but are still not considered as plastics here. An OECD Working Party has been attempting for some years to establish an
internationally acceptable classification and for the purpose of this article plastics are defined on the same basis as in the Chemical
Reports of the OECD.[2]1 Synthetic fibres and synthetic rubber, although belonging essentially to the same group of materials,
are excluded from this definition. Where materials such as nylon can be used both as a fibre and as a plastic, that part of the
production which is for fibres is excluded. The OECD Classification (and the Brussels nomenclature) divides plastics into four
groups :

(1) Condensation products (39.01 in the Brussels momenclature), including poly-condensation and poly-addition products ;
these are mainly but not exclusively thermo-setting products—that is to say, they become soft and plastic on the first
application of heat, but then undergo a chemical charge and set hard. The most important of these are phenolics made
from phenol and formaldehyde (best known as Bakelite) and aminoplastics made from urea and formaldehyde and from
melamine and formaldehyde.

(ii) Polymerisation products (39.02 in the Brussels nomenclature), including co-polymerisation products. These are mainly
thermo-plastic : that is to say that although they will harden on cooling, they will re-soften on re-heating. The best known
are PVC (polyvinyl chloride), pelyethylene (of which * Polythene ’ is a brand name) and polystyrene. Still small in volume
of production is polypropylene, which is often classed together with polyethylene under the single heading of poly-olefins,
?’t‘?il i]mpm'tam polymerisation products are acrylics (for example Perspex), polyvinyl acetate and poly-tetra-fluorethylene
( E).

(iii) chllulo'.;;ics 239.03 in the Brussels nomenclature), of which the best known are celluloid and regenerated cellulose film
(Cellophane).

(iv) Hardened proteins (39.04 in the Brussels nomenclature) such as casein.

This classification is used in this article. Fuller details of the materials included in each sub-division are shown in the Appendix
on Sources and Methods (page 50).

The producers of plastic materials use basic raw materials—such as petroleum products, natural gas, coal, cellulose, etc.—or
intermediates derived from these materials, such as ethylene, propylene and acetylene—to produce plastic materials. These
materials may be in the form of moulding and extrusion compounds, solid or liquid resins, emulsions, dispersions, and so forth.
The materials producers may themselves turn out film, sheet, rods, tubes, mouldings, extrusions, and other fabricated products ;
or this may be done by specialised fabricators, who purchase the materials from the basic producers. The materials producers
and the fabricators are together described as the plastics industry,
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Table 1. World‘® production and growth rates of various materials

Production Compound growth rates

Thousand metric tons'®) Per cent per year

1938 | 1950 | 1938
1938 | 1950 to to to
1950 | 1960 | 1960

Plastics o 4 45 b i 35 300 1,500 . 14.3 14.3 14.3
Rubber, synthetic .. o ‘s i —_— 6 543 45.0 134 30.0
Rubber, natural .. . . . 122 925 1,890 ‘ 6.1 0.6 3.6
Copperle} . . - . .. | 1,000 | 1,840 | 2,280 : 1.8 4.8 3.2
Aluminium( - - - A 70 530 | 1,280 : 7.6 9.1
Zincle) 800D 1,400 | 1,810 . 2.1 3.0 2.5

Steelt®) w5 o o - . 539 88

153 i 4.7 4.7 4.7

Source : UN Yearbook of Statistics, H. Saechiling, Werksicffe aus Menschenhand.

(2) Excluding USSR, China and Eastern Europe.
B Peimin) Rt predesion
(& Sieat 1910,

The willingness to change from traditional to new
methods and materials is one of the factors in any
country which make for faster economic growth and
greater competitiveness. A country which is ahead in
the use of plastics, for example, may have significant
technical and cost advantages over countries which
rely on older materials and techniques. So it is
illuminating to establish which countries are in fact
ahead in the production and consumption of plastic
materials, and why ; that is the purpose of this article.
The comparison concentrates on West Germany and
Britain.

The figures

Partly because it is a young industry, it is not easy
to obtain figures for plastics production, consumption
and trade which are consistent from year to year and
which are internationally comparable. (The statistical
problems, and the methods we have used, are dis-
cussed in more detail in the Appendix, page 50.)
The figures for the principal countries have been much
improved in the last few years, and those for 1960-62
are probably reasonably reliable and comparable.
Those for earlier years have a wider margin of error.
However, this margin is not wide enough to vitiate
the conclusions drawn in the article. It is significant
that if we compare our estimates with those made
independently by others,’”? the differences are not
very big.

One of the problems is that the basic materials are
often mixed with reinforcing agents— fillers® or
* plasticisers *. For production or sales, figures are in
general® available which exclude these fillers : that is,

(M Appendix, page 52, table 17.
'With certain exceptions noted in Appendix I, page 50.

they are on a ‘ net resin basis’. But in the statistics
of international trade the fillers are normally included,
and we have had to make estimates of the net resin
content of imports and exports of plastics. All the
figures in the article are in terms of net resin content,
unless otherwise stated.

Another problem is the general inadequacy of the
figures, particularly for the end-uses of plastics. At
the moment nobody, inside or outside the industry,
can make useful estimates of the future size and
pattern of the demand for plastic materials in Britain ;
for there is inadequate detailed knowledge about which
industries use plastics now, how much they use and
for what purpose. Such figures as there are (some are
given in table 14) are based on trade estimates and
market research surveys.

Throughout, we have relied to a considerable extent
on the advice and assistance of the firms involved in
the industry ; and we are grateful to all the firms who
helped us—and in particular to the principal producers
of plastic materials in the United Kingdom, ICI,
Shell, Distillers, Monsanto.”” The analysis and con-
clusions of the article are the responsibility of the
Mational Institute alone.

International comparisons

A few advanced countries predominate in world®
production and exports. The United States, West
Germany, Japan and Britain—in that order—account
for 80 per cent of world output (table 2). Japan, in
spite of her large volume of production, is still a net
importer ; and the other three countries between them

)4 list of all firms and organisations who have co-operated
in providing information, views and advice, is given In
Appendix 1V, page 62.

#The term * world * throughout the article excludes the
USSR, Eastern Europe and China,
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Table 2. Production, consumption and trade in plastics materials

United | United
States King-
dom

West |
Ger- France
many

Total figures (thousand metric tons)
Production .. ‘s .. 1955 3234
1961 615.0

Per cent increase s 1955-61 90

! 355.2‘ 110.1
| 1,028.8 | 367.0
190 | 233

Consumption . . 1955
1961

Per cent increase . 1955-61

119.0
367.8
209

Exports it i .. 1955
1961
Exports as per cent of production 1961

Imports ai s .. 1955
1961

Imports as per cent of consumption
1961

Met exports

Per head figures (Kg) {
Production .. i i 10.70
17.64]

1.28 4.06
8.31 8.74

Consumption i o 9.9]: 5.19
15.61 9.61

135 | 5.26 |
844 1264

Source : See Appendix II, page 52.

provide 70 per cent of world exports. There are still
a large number of countries where important materials
are not produced at all.

In absolute terms, the United States is of course the
largest producer, consumer and exporter ; but on a
per head basis, West Germany comes first in pro-
duction and exports, and is a close second to the
United States in consumption (table 3). If we relate
consumption to national product, again the German
figure (together with that of Japan) is exceptionally
high (chart 1). West German consumption in 1961
was almost as big as that of France and Britain
together, and her production was larger.

This German pre-eminence might be explained by
lower costs or prices, or by a different industry
structure—if plastics-consuming industries were much
more important than elsewhere in Europe. Or it might
be due to technological factors : earlier discovery and
development of new plastic materials, and earlier

innovation in finding applications for existing mater-
ials, This, in turn, might be related to the degree of
conservatism among users and potential users of
plastics, and to the rate of change in the economy as
a whole. We discuss these possible explanations in
turn.

Costs of production

It was the almost unanimous opinion of the firms
and organisations interviewed that the West German
plastics industry did not have any major input-cost
advantages over her main competitors—that there was
nothing equivalent, for instance, to the advantage
Canada derives for her aluminium production from
cheap electric power. This consensus of opinion is not
proof, of course ; and proof is hardly possible since,
for the plastics industry as for most new industries,
detailed production cost figures are hard to come by.
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Table 3. Estimates of per capita production and consumption of plastics materials, by type, 1961

Kg. per head
| | |
West | | Nether- | Belg./
USA UK Ger- | France [ Ttaly Japan | Sweden | lands Lux.
| many |
Condensation (39.01) |
Phenolic Production 1.31 097 | 1ol 040 | 046 0.59 1.23 0.56
Consumption 1.25 0.73 0.85 0.43 0.44 0.60 1.31 0.46
Aminoplasts Production ' 098 1.39 2.76 0.61 0.83 1.83 2.14 0.24
Consumption 0.93 1.12 2.56 0.79 0.82 1.83 2.03 0.94
Other Production 2.18 1.56 351 1.21 0.74 0.21 1.54 1.95
Consumption 2.10 1.61 2.86 1.20 0.89 0.18 1.31 1.30
Total Production 4.47 3.92 7.28 2.2 2.03 2.63 4.91 2.75 1.27
Consumption 4.28 346 6.27 2.42 2.15 2.61 4.65 2.70 3.84
Polymerisation (39.02)
PVC Production | 241 2.06 3.6l 2.60 3.03 3.29 1.53 0.77
Consumption | 226 1.90 3.08 2.28 1.97 2.97 2.13 2.02
Polystyrene Production | 2.83 1.00 2.03 0.92 0.79 0.31 0.54 —_
Consumption 2.48 0.77 1.29 0.87 0.43 0.41 0.99 0.43
Polyolefins Production 4.21 2.59 1.94 0.65 1.13 0.62 — 1.55
Consumption 131 1.53 1.55 1.08 1.15 1.07 2.23 1.29
Other Production 1.99 0.93 2.43 0.57 0.48 0.97 0.59 0.84
Consumption i 1.68 0.89 1.43 0.52 0.66 0.93 1.77 0.97
Total Production 11.44 . 6.58 10.00 4.74 543 5.19 2.66 316 3.64(a
Consumption 9.73 5.09 7.36 4,75 r 4.21 5.38 1.11 4.72
Cellulosic (39.03)
Total Production 1.27 1.69 1.02 0.28 0.49 1.17 0.94
Consumption 1.03 1.65 0.82 0.37 0.44 0.88 0.50
Protein (39.04) f |
Total Production 0.03 0.02 0.01 0.02 — - |
Consumption .. | 0.03 0.01 0.01 0.01 | '
Total, all materials ; .
Production | 17.64 11.80 19.00 7.98 7.76 | 8.3 8.74 6.54 4.84
Consumption i 15.61 9.61 15.29 8.00 674 | 844 12.64 7.93 | 10.28

Source : See Appendix LI, page 52.
(a) Including 39.03 and 39.04.

But such evidence as there is on costs, and such price
figures as are published, support this conclusion.

The pattern of costs varies considerably between
the different plastic materials, and for the same
material between different firms and processes,
depending largely on the degree of integration. But
typically costs of operating labour are low, and raw
material and capital costs are high. For most plastic
materials the range of costs (excluding return on
capital) would be roughly as follows :

Per cent of cost

Materials and process chemicals .. 5 40-70
Fuel and power - 3-7
Operating labour 3-7
Maintenance 4-8
Depreciation 5-15
Research and royajtnc«: - 3-7
O\fcrhcads. mcludmg adrmmstrauon

supervision, testing, sales 15-25

For PVC, polyvinylacetate and melamine-form-
aldehyde, electric power costs are much higher than
the range shown above. Capital costs arc particularly
high for polyethylene, polypropylene and acrylics,
but relatively low for some condensation products,
where plant economies of scale are not very important.
Average capital employed per man in the United
States plastics industry has been estimated at $22
thousand,P! but it is higher than $40 thousand in
some poly-olefin plants, where an investment in one
plant of over $20 million is not uncommon, Over-
head costs are generally high, because of the need for
expensive facilities for testing and control, and for a
technical sales service. They are particularly high for
new plastic products which have not yet reached a
high volume of production.
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Chart 1. Plastics consumption and national product, 1961

Gross national
product per heod:
£,00 UX 19%5 prices

Port
ofortugel

Sweden

o Switzerland
o”{:, o Pe9m _penmark
Norway

o Bermany
ofrance

o Netherlonds Shustrio

oFfintand

Plastics consumption
per head: Kgs .

L

15 16

Source : Tables 2 and 3, OECD Chermical Industry in Europe and NIESR estimates.

(a) 1960 for Finland, Denmark and Portugal.

Material costs

The most important single element in costs for
almost all plastics is material costs, including chemi-
cals, such as catalysts, which are consumed in the
production process, although not embodied in the end-
product. It appears that West Germany has had no
general advantage over her competitors in material
costs, and indeed was at a disadvantage compared
with some of them.

Originally coal and cellulose were the most
important sources of the basic materials and other
chemicals needed for plastics manufacture ; but since
the Second World War they have been increasingly
replaced by oil and natural gas. As long as coal was
the source, Germany was not at a disadvantage—
although she had no special advantage either over
other coal-producing countries, except in know-how.
But as oil became more important, she was at a dis-
advantage compared with the United States, and to a
lesser extent with Britain, where the post-war refinery-
building programme started earlier thanin Germany.!"
The United States had a big lead in petro-chemicals,

(1 However, Britain was also handicapped in the early post-
war years by a lack of refinery feedstock : thus she used an
expensive process for producing ethylene from alcohol made

from molasses.

and Britain’s output was ahead of West Germany’s
up to 1960 (table 4). As late as 1957, only 12 per cent
of West German production of ethylene and acetylene,
as against 74 per cent of American production, came
from oil or natural gas.

Such gases as ethane, propane, ethylene, propylene
and acetylene can sometimes be made available from
oil refineries very cheaply. In the United States they
were in fact often ‘ waste * products which were flared
before petro-chemical complexes were built to use
them.l¥! Manufacturers of plastic materials who could
site their plants within pipe-line distance of refineries

Table 4. Output of petro-chemicals

Thousand metric tons of carbon content
1959 !

858
510

' |
1955 | 1958 1961

———
| 1953 | 1954

| 70
28
16
27

164

246
118
82
50

| 302
15

335
260
180 | 246
54 ‘ 85
378 | 618
18 |156

55
16
12

110
37
29
28

197

West Germany
France ..
Italy
Metherlands 12
United Kingdom | 124
Others .. o i

Source : Chemische Industrie XITI 1961, December, p. 767.
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had an advantage compared with those still based on
coal-derived chemicals, imported petro-chemicals or
other materials. More recently, there has been a
tendency for chemical firms to set up their own
specialised cracking plants to provide their feedstock,
instead of relying on oil refinery by-products.

In the last decade, natural gas has become an
increasingly important source, as it is often an even
cheaper feedstock than oil. Here again, West Germany
(together with Britain) has been at a disadvantage,
compared with Italy, France and the United States.'”
Italy in particular has been exploiting this natural
advantage, with big new plastic plants in Ravenna
and Ferrara ; the recent rapid growth of the Ttalian
plastics industry and the rise in exports may well be
due in part to this factor, as well as to generous
Government support of new investment projects in
the South.

Consequently, the success of the German plastics
industry in the 1950s cannot be explained by lower
material costs.”) Indeed, the industry was at some
disadvantage in this respect—particularly for poly-
ethylene, polystyrene, acrylics and epoxy resins. The
disadvantages were less serious for PYC, which can
be manufactured by various alternative processes ;
however, the manufacture of carbide both for PVC
and polyvinylacetate needs considerable amounts of
electric power, and West Germany is not a cheap
power producer. Japan and Italy have advantages
over her in power costs, and this is one reason for
their relatively high output of PYC (table 3).

(1'West Germany has in fact a very small amount of natural
gas, some of which is used in the polystyrene plant at Hils.

This does not mean, of course, that none of the materials
used was cheaper in Germany. Her coke and acetylene
technology were particularly advanced, and she undoubtedly
derived some benefits from this. There is alse evidence of
differences in pricing policy between chemical firms in Britain
and West Germany which may have resulted in higher prices
in Britain for such chemicals as formaldehyde.
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Other costs

Although she had no advantage in raw material
costs, West Germany did have a slight advantage
in capital costs over Britain, but not over most
other European countries or Japan. It is not at
all easy to compare the costs of erecting chemical
plants in different countries : even for similar pro-
ducts, plants vary in the proportion of process equip-
ment delivered to the site, in the plant’s specifications,
in the volume of on-site building work, in design costs
and in many other respects. General building cost
indices or labour cost indices are not much use in an
industry such as chemical engineering. However, a
useful comparison has been made by Mr. E. A.
Stallworthy of Bataafsche Internationale Chemie
Maatschappij N.V. (Shell)!]; this has the advantage
that it is based on actual experience of erecting a
similar standard styrene plant in eight different
countries (table 5). He suggests that the capital cost
of erecting plant in West Germany was about 10 per
cent lower than in Britain or Sweden, but higher than
in most other European countries. Some other esti-
mates put British costs in a slightly more favourable
light, but it is probable that West Germany did enjoy
some advantage in the 1950s. However, in the last
year or two, there is evidence that costs have tended
to level in Western Europe (including Britain),
although in very advanced types of equipment, the
United States and West Germany may still have
advantages, based on chemical engineering know-how.

In labour costs too, although West Germany had
an advantage some years ago, this has now dis-
appeared, and her labour costs are higher than
Britain’s. It was in any case a relatively unimportant
advantage, since labour costs are so small a part of
total costs. It is true that there is also a labour cost
element in overhead costs; but German sources
believe that for this type of labour her advantage was

Table 5. Comparative costs of building a styrene production unit in various European countries, 1959-1961

Percentage of total cost

United Belgium |

Country
: Kingdom \

France

West
Germany

Holland : Ttaly Sweden |

Total materials .. . 50.6
Freight, purchasing, import

duties, etc. o
Erection ..
Piling
Design

3.5
348
0.3
8.8

55.8

6.5
25.1

8.6

50.6 55.8

6.5
29.1

—

8.6

9.3
324

1.7

Total estimated cost 100 |

100

100 100

Ratio, with UK = 100 ..

100 ‘

88

98

Source ; E. A. Stallworthy, Comparative Investment Costs in Western Europe (Paper presented to the Association of Cost Engineers, and A.A.C.E., May 1963).
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less, and not significant. In fact, overhead costs may
have been higher in Germany than in other countries :
American estimates place German sales and admini-
strative costs a little higher than Britain’s but lower
than those of the United States.) German chemical
firms spent more on research and development (in
relation to turnover) than the largest British firms did,
and probably more than most other European pro-
ducers as well.

The analysis of employment at BASF, Ludwigs-
hafen, gives some indication of the importance of
overhead costs in general. In 1956, only 28 per cent
of their employees were engaged on production, and
in 1961 only 23 per cent ; the rest—72 and 77 per cent
respectively—were in technical departments, in
research and development, in administration, or were
trainees or apprentices.!) These figures are for total
employment in all types of chemicals ; the overheads
in plastics are probably well above the average.

In sum, it does not seem at all likely that lower costs
explain the success of the German plastics industry.
In the carly fifties, when the German industry did
have lower capital and labour costs than Britain, its
raw material costs were higher. By the time these
had fallen—as the German petro-chemicals industry
caught up—capital and labour costs had risen to the
British level. On balance, there was probably no
significant net advantage.

Prices of plastic materials

Price figures can also provide some suggestive
evidence on costs; for if West Germany had
enjoyed a general advantage over other producers in
lower production costs, it might well have shown
itself in a lower price level for German plastic
materials,

In fact, from 1950 to 1955 prices of most plastic
materials appear to have been a little higher in
Germany than in Britain or the United States. Non-
ferrous and steel prices were also slightly higher, 11 so
that the ratio of plastics prices to those of the principal
competing materials was probably similar in all three
countries. German polystyrene prices were about
10 per cent lower than in Britain ; but about 10 per
cent higher than in the United States (table 6).

(The breakdown of the numbers employed at BASF
Ludwigshafen,[8] was as follows (in thousands) :—
1956 1961
Production. . . .. .. 10.0 10.4
Technical department, including

maintenance 12.0 16.0

Research and devél:apmeﬁf - 36 6.5
Administration, managerial,
trainees and apprentices 55 10.4 13.1

36.0 46.0

Conversely, prices of PVC were higher than in Britain,
lower than in the United States. The prices of most
other materials were a little higher than either in
Britain or the United States ; polyethylene prices were
far higher. These comparisons are summed up in an
index of the prices of six principal standard materials
(table 6) ; this index, it is true, does not take account
of all specialised grades, and—particularly later on—
quoted prices may not be an entirely reliable guide.
Even so, it is fairly clear that the recovery of German
plastics consumption in the first half of the 1950s
cannot be attributed primarily to lower relative prices
than those prevailing in Britain and the United States.

From about 1955 onwards, prices of many plastic
materials began to fall more sharply ; trade barriers
were diminished, tariffs and quotas were reduced, and
international competition became more intense. Sur-
plus capacity began to be a serious problem and there
was widespread ‘ dumping * of temporary surpluses on
the international market. For some plastics this
caused prices to fall very sharply, particularly in
unprotected markets ; so the quoted prices of domestic
manufacturers may not reveal the full extent of these
price falls. The markets most severely affected were
Belgium, the Netherlands, Scandinavia and Britain,
all of which have low tariffs, For example, the real
price of PYC in Britain in 1961 and 1962 was probably
10-15 per cent below the quoted prices. In the United
States, where tariffs are very high, domestic competi-
tion became much more severe, and prices fell even
more sharply, partly as a result of the entry of a
number of new producers.l” The West German
market was affected by the more acute international
competition, but not in such a way as to provide a
price stimulus to consumption greater than that in
other European countries. German prices fell with
the rest, but were not below the general international
level, except for polystyrene.

The price index for six materials (table 6) suggests
that by 1960 German prices were only fractionally
higher than British prices, but were still significantly
higher than American prices. By this time also
French prices had fallen close to the German level,
and Italian prices were below them. In 1961 and 1962
prices fell still lower, and both British and German
producers complained of dumping in their home
markets ; there is little doubt that, because of higher
tariffs,'”” West Germany suffered less. However,
by 1963, German quoted prices had fallen slightly
below Britain’s.

*'However, by this time the greater part of German poly-
styrene production was no longer of standard grades but of
more specialised high impact materials, for which her prices
were not particularly low.

A comparison of tariffs on plastic materials is given in
Appendix 1I, table 26.
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Table 6. Prices of plastic materials.

Quantity lots, annual averages, DM per kilo

UK West France

Germany

PVC, granular

1953 3.35 2.30 2.50 ! &

1955 3.20 2.25 2.25 2.80
1957 2.70 2.20 1.90 2.50
1960 1.85 1.65 [ 1.75 1.90

Polyethylene, high pressure

1953 4.30 4.80 [ 7.00 .

1955 3.75 4.10 5.40 5.20
1957 3.20 3.65 4.35 4.75
1960 2.40 2.70 3.00 [ 3.55

Polystyrene, standard crystal

1953 3.00 3.65 | 3.20 .

1955 2.70 135 3.00 3.15
1957 2.35 3.35 2.90 2.85
1960 1.60 2.60 2.10 2.30

Phenol-formaldehyde

1953 1.80 2.05 | 2.30 E

1955 1.75 1.90 1.90 2.50
1957 1.95 1.90 2.25
1960 1.95 2.00 | 1.90 1.90

Urea-formaldehyde

1933 3.00 3.00 3.00 : i
1955 3.00 3.00 3.00 3.20

1957 310 3.00 | 3.00 : 2.80

1960 2.90 2.80 2.80 235

Melamine formaldehyde

1953 410 | 55 5.15

4.60
4,15
345

1955 4.10 | 3.15 i 5.15
1957 4.30 3.15 5.15
1960 | 4.30 4.90 4.90

Materials index(e)
West Germany = 100

109.2
103.2

1955 96.3 96.1
1960 90.5 99.7

100.0

|
|
100.0 ‘

Source : Information from firms, and published prices ; H. Saechtling, Chemie und Technologle der Kunsistoffe.

Italicised figures are estimates.

(a) Weighted by 1955 and 1960 combined consumption of each material in USA, UK, West Germany and France.

So far, the evidence rests on international com-
parisons of quoted prices. There is no way of knowing
what special prices may have been made in the various
countries. But there is no reason to think that there
was any particular pressure forcing prices down more
in Germany than elsewhere : domestic competition in
Germany does not seem to have been exceptionally
severe. Typically, the manufacture of plastic materials
is undertaken by large or very large firms. This is
especially true of thermoplastic products, which in
most manufacturing countries are made by fewer than
half a dozen producers, with often only two or three
of any importance (table 7). In small countries there
is not usually room for more than one or two pro-
ducers, because of the economies of scale and the
great importance of manufacturing know-how,
research facilities, and technical sales service. It is
true that there are a few more producers of the main
thermoplastics in West Germany than in Britain or in

France (except for polystyrene) ; but the firms are not
by any means independent of each other. Taking
account of interlocking shareholdings,!" the German
market structure was no less oligopolistic than that of
the other main producing countries. There are slightly
more producers of most thermo-setting plastics in all
manufacturing countries ; these materials need less
capital, and—since they are older—technical know-
how is more widely diffused.

There is, in sum, no evidence that Germany's
leading position in plastics was explained either by
lower costs of materials and other inputs, or by lower
prices. It is true that there are individual plastic
materials, for Germany and other countries, where

(UFor instance, Rheinische Olefinwerke is jointly owned by
BASF and Shell ; Hoechst owns 50 per cent of the capital of
Wacker and 33 per cent of the capital of Ruhrchemie ; and
BASF, Hoechst, Dynamit Nobel, Bayer and Huls were all
part of I.Gi. Farben before the post-war reorganisation of the
German chemical industry.[10]
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prices were relatively low and consumption particu-
larly high, and conversely. This was true, for example,
of polystyrene in Germany. But here the relatively
low price seems to have been the consequence, not of
lower costs of materials, but of technical advance ;
quantity production of this material began earlier in
Germany than elsewhere. Indeed, it may be more
generally true that, although German costs of inputs
and prices were no lower than in Britain, costs per
unit of output may still have been below those of other
countries because of more advanced production
methods—and that consequently German profits were
higher. There is no direct evidence on profits from
production of plastics—nearly all the big firms are
large chemical combines which do not show profits of
their plastics divisions separately. But it may be
perhaps significant that it is British firms, rather than
German, which have recently emphasised very strongly
the danger of * profitless prosperity "—a high level of
output at unremunerative prices. In their view this
would jeopardise the whole future growth of the indus-
try by compelling firms to cut back on research,
development and technical services. It is, incidentally,
interesting that this view implies that research and
technical factors are likely to be more important for
long run growth than temporary price reductions.['!]

Technical factors

Cost and price factors do not explain the German
lead in plastics production and consumption. Tech-
nical factors appear to have been more significant.
Since the industry is based entirely on the discovery
and application of completely new man-made mater-
ials, scientific research and development are its founda-
tion, and their importance does not stop with the
discovery and first commercial production of a new
material. This is only the beginning, and must be
followed by years of intensive applied research and
development work to explore potential applications,
to modify the material and create a variety of grades
suited to each application, to blend it with other

materials, to improve and cheapen the production
process, and to find the best ways of processing the
material, which may involve the design of new
machinery. The benefits of this research and develop-
ment are to some extent cumulative. A country which
has a large number of scientists and engineers experi-
enced in applied research and development with some
plastic materials, will probably find it easier to develop
others. Furthermore, the chemistry and technology
of other materials such as synthetic rubbers and syn-
thetic fibres are so closely related to plastics, that
advances in any one of these fields will help progress
elsewhere.[1?]

Partly because of this, and partly because of the
high costs of research and development, there is a
strong tendency for research to be concentrated in a
few very large concerns in each country. Since the
early part of the 20th century, the importance of
individual inventors in the research and development
process has been declining. The patent statistics for
the industry suggest this (table 8). The proportion of
patents issued to individuals declined from nearly
half in the period 1791-1930, to fewer than 10 per cent
in the postwar period, although strategic patenting
(see page 35) by large firms may to some extent inflate
their figures. Of course, gifted individuals still play an
extremely important part in the inventive process.
But they do so more and more as employees of large
corporations (Carothers, for instance, discovered
nylon while working for Du Pont) or in association
with large corporations—thus Professor Natta
co-operated with Montecatini in the development of
polypropylene. Frequently, the costs of building and
operating the pilot plant required for the development
of synthetic materials are far beyond the capacity of
individual inventors or small firms, and research into
applications also needs substantial resources. Further-
more, those small firms which have patented new
inventions have often subsequently been absorbed ;
for example, the Naugatuck Chemical Company,
which did important research work in the field of
polystyrene, sold its patents and know-how to the

Table 8. Patents issued for the principal groups of plastics, 1791-1955

1791-1930

1931-1945 |

| 1946-1955

MNumber .

Per cent : MNumber
of total

Per cent
of total

Per cent | Number

of total

Patents taken out by :

Individuals . - .. e . . 1,803
Firms .. . .. e - .- s 2,436

| 43 791
i 57 4,341

Total T 4,239 ‘ 100 | 5132

Source : J. Delorme, Anthologie des Brevers sur les matiéres plastiques, (3 vols.), Amphora, Paris, 1962,
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Dow Chemical Company in 1937, which then success-
fully launched commercial production. The British
firm of Petrochemicals, which had done some work
in the field of styrene polymerisation and had acquired
the patents for the new Ziegler low pressure poly-
cthylene process, was taken over by Shell in 1955.
So, because large firms dominate the industry, the
examination here of the process of technical advance
concentrates on them.

The analysis of technical factors needs a much
longer time span than the analysis of prices or costs.
There is usually a period of five to twelve years
between research and normal commercial production ;
and it is sometimes even longer before production is
large enough to show up significantly in the statistics.
High pressure!” polyethylene was discovered by ICI
and first successfully produced in the 1930s ; it had
extremely important radar and other applications in
the war ; but it was not until the 1950s that it came
into large volume consumption in Britain. The vital
resecarch and development on low pressure poly-
ethylene and on polypropylene was done in the late
’40s and early ’50s, and the patents taken out between
1951 and 1957, but it is only in the '60s that they are
beginning to be produced in large quantities. Thus
the pattern of plastics production and consumption
in the 1950s depended largely on the research and
development of previous decades.

The problem of measuring the resources which go
into research and development, and of assessing their
output, has only recently begun to attract economists’
attention. There are considerable conceptual difficul-
ties, and not many figures to work on. Three different
measures are used here : first, statistics of expenditure
on research and development; secondly, patent
statistics ; and thirdly, the dates and origins of major
innovations. These measure three distinct but over-
lapping aspects of a complex process. Expenditure on
research is usually necessary before an innovation can
be made—but it also continues after the innovation
has become successful commercially. Patents may be
taken out at any stage of a research project, and will
usually be followed by * patents of addition’ after
commercial production has begun. So events do not
often follow the simple time sequence—research :
development : patents : innovation : production.

The three methods of measurement supplement each
other. The figure for the sums spent on research and
development is inadequate by itself, since research can
be quite fruitless. In the same way a large number of
patented processes fail to reach the stage of commer-
cial production. If we take the threce methods
together, then we have first an assessment of the

{UThe high pressure method is used mainly for manufac-
turing low density polyethylene, and the low pressure method
is used for high density (or linear) polyethylene.

resources committed to the search for new inventions
and the improvement of old ones; secondly—in
patent statistics—a measure of the actual output of
inventions ; and thirdly, in the figures for innovations,
a measure of success in passing from the development
stage to full-scale commercial production. This triple
assessment should provide a reasonable indicator of
the capacity of a firm, or a country, for undertaking
successful research.

Research expenditure

The figures available on research and development
in the chemical industries are of limited usefulness,
because they do not separate expenditure on research
into plastic materials from other chemicals expendi-
ture. Nevertheless they can be used to provide clues
to the scale of plastics research and development
activity in various firms and countries.

The most striking feature of the figures is the out-
standing position of the German chemical combine
I.G. Farben from the time of its formation in 1925
until it was dissolved after the Second World War.
This firm’s research expenditure averaged just over
7 per cent of its turnover from 1925 until 1939. From
1926 to 1931 it was between 7 and 10 per cent. It
cut back research spending fairly drastically in the
world recession—to 4.9 per cent of turnover in 1933.
The main economies were in development costs, and
the research staff was maintained throughout at over
1,000 qualified scientists and engineers.['* From 1934
to 1939 research expenditure rose again to between
5 and 6 per cent of turnover. During the war, the
level of research was maintained, but it probably fell
just below 4 per cent of turnover, since turnover was
rising rapidly.

Throughout this period the firm spent more on
research than it distributed in dividends. These
figures exclude extra-mural expenditure, technical
services and donations to universities, etc. LG.
Farben must have been one of the most research-
intensive large firms in the world before 1939, with a
ratio of expenditure to turnover more than twice as
high as that of most comparable firms. Morcover
this firm seems to have devoted a far higher propor-
tion of its resources to research in synthetic materials
than multi-product chemical firms in other countries.
There is the evidence of the patent statistics (page 36) ;
there is also the evidence of the wide range of new
materials, such as PVC and polystyrene, which this
firm initiated. According to one account,l' it was
the need to concentrate research resources and make
large investments in high polymer chemistry and syn-
thetic materials that finally persuaded the individual
firms to form [.G. Farben itself. Later, the whole trend
of the economic policy of autarky in Germany under
the Hitler regime favoured the production of * ersatz’
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or synthetic materials. Altogether, there are strong
grounds for believing that I.G. Farben spent more on
plastics research and development than any other firm
in the world.

This research programme was disrupted from 1945
to 1952, when the whole future structure of LG.
Farben was in doubt, but it was not completely broken
off, and the rescarch teams remained in existence.'"
The successor firms, especially BASF, Bayer and
Hoechst continued to spend heavily on rescarch
throughout the 1950s, averaging between 4 and 5
per cent turnover®” (or between 5 and 6 per cent if
capital expenditure is included).

The leading American firms, Du Pont, Union
Carbide, Dow and Eastman Kodak also now spend
over 4 per cent of turnover on their research and
development,!'s! but among British firms only ICI
reaches this level. (I.C.I's. ratio in 1961-2 was
about 4 per cent” calculated on the sales and re-
search of U K companies only—that is, excluding the
sales and research of overseas subsidiaries). There are
no data for French firms but there is little doubt that
they spend significantly less!'*1 and the same is probably
true for most other firms in Europe with the exception
of CIBA.

Turning from the figures for individual firms to
those for the chemical industry as a whole, it seems
that now the United States is well ahead, in absolute
terms ; the amount of research done in the United
States chemicals industry is probably about 4% times
the British figure'™ and 3 times the German. But the
United States’ lead in plastics is probably less than
this, for two main reasons. First, a higher proportion
of American research goes into rather specialised
military/space applications. Secondly, plastics research
is almost certainly a larger part of total chemicals
research in Germany (and Japan) than in the United
States—simply because the plastics industry is a
larger part of the total chemical industry in those two
countries, Research expenditure is usually a higher

(1)* The German research teams, as exemplified in the 1.G.
laboratories, were outstanding instruments of accomplish-
ment. What could be done with these groups ? Should they
be given picks and shovels 7 Should they be broken up and
transferred as individuals to laboratories in other countries ?
Should they be allowed to continue in their present location ?
Many hours were spent arguing the pros and cons of this
situation and we inevitably arrived at the conclusion that
humanity’s interest would best be served by putting these
groups to work in the surroundings and with the associations
to which they were accustomed, but under a competent allied
commissioner who would merely insist that no direct war
projects be worked upon. Certainly some of the results
would have war applications ; but the tremendous good which
could come from these able groups should outweigh that
risk.! German Plastics Practice—). DeBell, W. C. Goggin,
W. E. Gloor, pages 10-12.

(2IThese figures exclude technical services and capital
expenditure.

The absolute figures are : United States £390 million,
West Germany £55 million, Britain £37 million, Japan £18
million in 1961. But because of differences in research costs
a * research exchange rate ' must be used.[18]

proportion of the value of plastics output than of the
output of the general run of chemicals.™

Then we must take into the reckoning as well the
* infra-structure * of research : the work of universities
and other research institutions. Teaching and basic
research in chemistry were particularly advanced in
Germany in the first part of this century, and the
theoretical work of Staudinger and his school in high
polymer chemistry were an essential foundation for
the achievements of I.G. Farben.®''"1 However, the
fundamental research undertaken in universities and
such government-aided laboratories as the Kaiser
Wilhelm Research Institutes or DSIR stations is
generally available throughout the world ; industrial
firms anywhere may benefit from it, so long as they
are alert to scientific developments outside their own
country. Consequently the advanced state of basic
chemical research in Germany may not be as import-
ant, in explaining German pre-eminence, as the
development work in the chemical firms themselves.
Industrial or co-operative institutes outside the chemi-
cal firms do not appear to have made any notable
contribution in Germany until after the war. Since
then two organisations have been set up specifically
to serve the plastics industry. An Institute for Plastics
Fabrication, established in Aachen in 1951, concerns
itself mainly with the processing and testing of
materials including welding, extruding, moulding and
glueing. In 1953 a larger Plastics Institute was set up
in Darmstadt, which is concerned primarily with the
fundamental properties and structure of plasiic
materials and with methods of testing and documenta-
tion. Together these Institutes employ a staff of over
a hundred, but their total research expenditure is of
course only a small fraction of the annual expenditure
of the chemical firms themselves. In Britain there has
for some time been anxiety over the lack of adequate
fundamental research into plastics materials and
technology.I'"” It was not until 1962 that the Rubber
Research Association also took in plastics and became
the Rubber and Plastics Research Association, so that
its work in this field has only just begun.'® It seems
that co-operative or state research institutes are not
important in other countries, except for the TNO
Plastics Research Institute at Delft in the Netherlands.

Patent statistics

There are one or two big differences between the
industrial patterns of patent figures and of research
expenditure figures. In defence-oriented industries,

#*'Thus for example the plastics section of one of the larger
British chemical firms spends about 5 per cent of turnover on
rescarch and development, which is above the general average
for the firm.

B Among the distinguished scientists who worked for this
firm were two Nobel prize-winners.

#1A small amount of work was however already being done
at the National Chemical Laboratory.
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Table 9.

1961

35

Patents delivered in various branches of British and French industry, compared with research expenditure,

United
Kingdom

United Kingdom

Percentage of total
research expenditure,
Percentage of total manufaciuring industry
number of patents

delivered

Including
airerafl

Excluding
aircraft

Aircraft
Electrical engineering
Instruments .. ik
Chemicals .. i
Vehicles

Engineering .. .
Metals and metal products
Building materials, wood and furniture,
Textiles and clothing

Food, drink and tobacco ..

.

e
w %

i:;u ilding

1.8 384
17.3
10.6
20.6
6.6
16.3
1.5
11.0 i
6.3 |
1.9 ‘

1.7
22.2
6.3
24.0
5.0
18.0
9.5
6.4
54
1.5

3B.3
4.1
20.3
4.3
13.1
6.1
6.0
38
32

100.0 100.0 100.0

‘ 100.0

Source : Y. Fabian, Measures of ourput of & and D, OECD 1963 ; Report of the Comptroller General of Patents, 1961 ; Bulletin de la Propriete Industrielle—
Statistiqgues, 1961 ; Report of Advisory Council on Scientific Policy, Cmnd. 1920, 1963,

such as aircraft and electronics, the exigencies of
security and the effect of government contracts is to
produce a very low ratio of patents to expenditure.
But if some allowance is made for these industries,
then there is a broad correspondence between
research expenditure and patenting in the principal
branches of industry (table 9).? The similarity of
pattern suggests that patent statistics, if used with
care, can help to build up a rather more detailed
picture of the structure and direction of research
activity than the expenditure figures provide. Further,
the industrial pattern of British and French patents is
similar : this suggests that although international
differences in patent procedure may affect the total
number of patents granted in each country, they
probably do not affect the distribution between
industries.[20]

The main difficulty of patent statistics is one of
weighting : some patents are extremely important
whilst others are negligible. Some are taken out
partly for strategic commercial reasons, rather than
to register any original invention. For example after
taking out patents on moisture-proof cellophane in the
1920s, Du Pont then proceeded to take out a large
number of patents on alternative methods to block the
possibility of competitors circumventing their key

(UAn exact correspondence should not in any case be
expected because of some variations in the propensity to
patent between firms and industries and because patent
statistics are analysed on a product field basis while rescarch
expenditure statistics are on a company classification.

patents.!?!] This procedure is not, of course, confined
to any one firm or country.

But for a large group of patents over a fairly long
period, the distortions arising from this factor are less
important. An experimental attempt has therefore
been made to compare the research cffort of the
principal firms by using the numbers of patents they
have taken out for plastic materials at various stages
in the growth of the industry'® (tables 10 and 11),

The outstanding feature of this analysis, as of the
analysis of research expenditure, is the dominant
position of the German chemical combine I.G. Farben
in the period before and during the Second World
War. From 1930 to 1945 this one firm accounted for
nearly a third of all the patents taken out by the
30 leading firms, and for over 17 per cent of the patents

*IFor the analysis made here the main source has been a
French publication{22] which systematically lists all the patents
delivered for plastic materials from 1791-1955, dating them
from the year of their acceptance. Since there is often a
delay of one to four years betwecen application, acceptance
and publication, this covers most patents published up to
1959. This French source covers American, German, French
and British patents (without double counting) and classifies
them into various groups (Appendix table 27). Tt can be
assumed that almost all patents of any significance would be
published in one (and in many cases all) of these four countries.
Unfortunately it has not been possible to analyse the patents
:_mccrding to the number of years which they have remained in
orce.

In order to make some comparison with the most recent
period an analysis has also been made of patents taken out
in Britain in the field of plastic materials up to 1962, This
could be expected to have some bias towards British firms,
since there will be a number of patents taken out by them
in Loadon but not elsewhere.
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Table 10. The share of some leading firms in patents delivered for plastics materials
Percentage of total for 30 leading firms'a

|
Country i 1791-1930 | 1931-1945 | 19461955

United States .. i 3 .. | Du Pont 8.4 { 13.0 17.6
Monsanto 0.1 | 1.5
American Cyanamid 0.7 24
Dow 0.4 4.7
B.F. Goodrich 0.3 1.3
11.S. Rubber - —_
Rohm & Haas : 0.3 | 0.8
Eastman Kodak 18.3 4.9
Standard Qil 0.4 1.7
| Celanese Corp. 0.8
Union Carbide (Carbide & Carbon) 1.6
Hercules Powder 1.4
| Phillips Petroleum , ) —
GEC 4.1

36.8

West Germany .. i A . | I.G. Farben 374
BASF 4.1
Bayer | 6.0
Hoechst {Meister, Lucius & Brining) 6.0
Ruhrchemie 0.1
Hiils —_

1.G. Farben and successors

Wacker
Réhm & Haas

United Kingdom ; o | ICT
Distillers

St. Gobain
Rhone Poulenc

Italy .. .. j Montecatini 0.1 0.1

Switzerland o ‘ & ’ CIBA 4.5 2.3 . 2.8

International .. .. .. .. |5hcum.v. de Bataafsche ' 0.1 1.0 | 7.8

Total of above 100.0 | 100.0 | 100.0

Source : 1. Delorme : Anthologie des Brevels sur les Matidres Plastiques, Paris 1962. For the spelling-out of the abbreviations, see Appendix I, page 51.
{a) These are thirty of the leading firms in 1946-55 in patents taken out in UK, USA, France and Germany : see table 11.

from all sources. At this time the most important new American and German firms dominated the picture
developments were taking place in the field of thermo- in this period, being responsible between them for
plastics, especially the vinyl resins. In this group L.G. 90 per cent of the patents taken out. Amongst other
Farben were alone responsible for a quarter of all the firms, only two British firms (ICI and British Celanese)
patents taken out in the world. But they were also were in the first 30, only two French (Rhone Poulenc
the leading firm in every other group of plastic and Cie Fr. Thomson-Houston) and one Swiss
materials. (CIBA). The remaining 25 were all American and
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German. In the period before 1930 American and
German firms were also responsible for over 80 per
cent of the patents taken out by firms. The LG.
Farben combine was only formed in 1925 but by 1930
it had registered more than twice as many patents in
this field as any other firm in the world in the whole
period from 1791-1930.' Moreover its research was
already at this time spread over the whole field of
materials from cellulosics to the new vinyl and acrylic
plastics.

With the exception of Du Pont, the leading
American chemical firms came relatively late into this
field, although Eastman Kodak (from the film side)
and G.E.C. (through their interest in insulating
materials) both played an important part in the earlier
period and are still amongst the leaders, for example
in poly-acetals and poly-carbonates. Réhm and Haas
was at this time based primarily in Germany and was
principally concerned with the development of
acrylic materials. By the 1930s ICI was among the
leaders, although still far behind 1.G. Farben in the
range of its plastics research and production. Over a
long period, the Swiss firm CIBA, has been consistently
among the leading firms in numbers of patents taken
out. But with these exceptions it was not really until
the post-war period that British, French and other
European firms began to compare with the American
and German leaders.

From 1946 to 1952 I1.G. Farben was being reorgan-
ised by the Allied Military Governments, and was not
in a position to take out any patents. Moreover many
of its secrets were compulsorily made available to
British, French and American firms in 1945 to 1946.
It was not until 1952 that the successor firms to the
dissolved combine—principally BASF, Bayer,
Hoechst, and Hiils—were able to resume normal
production and research activity. Consequently the
figures for 1946 to 1955 show American firms in a
dominant position with 8 of the 10 leading firms, and
Du Pont well ahead of the field. However, the com-
bined total of patents taken out by the I.G. Farben
successor firms even in this period was greater than
that of any firm except Du Pont. By this time British
firms had begun to catch up with the Americans and
Germans, and the three big British producers—ICI,
Shell and Distillers—were all among the first 20 firms
in terms of numbers of patents.

The most recent patent statistics suggest a continued
recovery by German firms, with all three of the
principal I.G. Farben successors in the top twelve.
From 1959 to 1962 ICI's position was extremely
strong, but the other British producers were still

(M Already during the First World War, before the forma-
tion of I.G. Farben, there had been a considerable amount of
research in Germany on synthetic materials.

somewhat behind the leading American and German
firms and behind the Italian chemical combine,
Montecatini, which has risen very rapidly in the 1950s.
Again, with the exception of CIBA, other European
chemical firms were still well behind and Japanese
patents were only just starting to appear.

The patent figures were also analysed in another
way, to meet the objection that the simple total of
patent numbers might be so distorted by strategic
patenting that they did not genuinely represent
successful research. With the assistance of a scientific
consultant, Dr. C. A. Redfarn, all the patents taken
out from 1790-1955 were scrutinised, and the most
important ones—those which marked the major
technical advances necessary for the successful large-
scale production of 30 plastic materials—were selected.
These key patents were then entered to the firm and
country responsible for them. Out of 117 major
technical advances,” 51 originated with German
firms or individuals (30 from L.G. Farben), 43 with
American (12 from Du Pont) and 15 with British
(7 from ICI). Only 8 came from all other countries
(France, Italy, Switzerland and Netherlands). This
suggests that if the total number of patents could be
weighted by quality of achievement, the result would
not differ very much from the analysis of unweighted
patent numbers, provided the sample is sufficiently
large and the period sufficiently long. The much
larger numbers of patents taken out by American
firms in the post-war period would not show up fully
in the analysis of key patents, as it is still too early
to assess the importance of some of them.

An analysis was also made of the first mention of
these materials in scientific literature, as they were
often known on a laboratory scale before they could
be successfully produced commercially. For example,
polystyrene is first mentioned in 1831 and vinyl
chloride in 1835 ; Professor Kipping devoted a life’s
work to basic research on organic silicon compounds
before the silicone resins were produced commercially.
In these early mentions, which reflect basic research
findings rather than applied research and development
work, the names of British and French scientists occur
more frequently. This gives some substance to the
view that in these countries a disproportionately
large part of the scientific effort was devoted to funda-
mental research—or perhaps more correctly that too
small an effort was directed to the commercial
development of promising fundamental work. The
social barriers between the academic world and
industry may also have been lower in Germany and
the United States than in France and Britain.[?*]

#)An * advance ' may be marked by one or several related
patents.
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Principal innovations

A third way of measuring technical capability is to
compare the dates at which the principal new inven-
tions in the industry were introduced in the various
countries. The main problem here, as in listing key
patents, is to distinguish the innovations and assess
their relative importance. The most obvious mile-
stones in the history of the plastics industry are the
dates at which commercial production of the various
new materials began. A country with a strong inde-
pendent research tradition would frequently be the
first to produce new materials, whereas one lacking in
research capability would often be ten or more years
behind the leaders, since it depended upon licensing
and know-how agreements. Hufbauer has prepared
a list of over thirty plastic materials and dated the
first commercial production of these materials in a
number of countries!®¥ (table 12). His study shows
clearly the German and American lead. Each of these
countries has been responsible for the first commercial
production of fourteen materials ; Britain has been
responsible for two (high pressure polyethylene and
urea-formaldehyde) and France (cellophane), Italy
(polypropylene) and Switzerland (epoxy resins) for
one each. A technical * imitation lag’ can be calcu-
lated for each country, based on the number of years
between first commercial production anywhere in the
world, and first commercial production in that
country,!? On this basis, Hufbauer estimates that the
German and American weighted average imitation
lag was two to three years in 1939, 1950 and 1960.1%]
This includes the products which they were the first
to manufacture, for which the lag was of course nil
The British lag was 5 to 7 years and the French lag
a little longer. In 1950 and in 1960 the Japanese lag
is 12 to 13 years, and the Italian 14 to 15 years. Most
other countries, except Canada, Sweden and Switzer-
land, show a lag of more than 20 years both in 1950
and 1960.%

This brings out once again the key role of a few
large firms in this industry. Firms such as Du Pont,
I.G. Farben and ICI, when they were not the world’s
first producers of a new material, were frequently the
first imitators or producers via a new process. This
is possible because research in all technically advanced
countries is proceeding to some extent on similar lines,

(IThe materials are weighted by their relative importance
in world trade.

[t may be argued that the date of first polystyrene
production in Britain and France should be set somewhat
earlier as there was a small war-time production by Distillers
in England which was discontinued in 1945 and not re-started
until 1950 (the date which Hufbauer gives). Rhone-Poulenc
had a similar small-scale production in France. There are
other minor alterations which might be made to the dates,
as it is difficult to draw the borderline between experimental
and commercial production. But changing a date here or
there by a {year or two would not significantly modify the main
outlines of the picture which emerges from his analysis.

so that when a major new discovery is made in one
country, research teams in other large firms are much
more quickly able to assimilate and imitate it. Fre-
quently the obstacle to imitation may be a difficult
patent situation rather than lack of technical know-
how. Thus during the war 1.G. Farben were able
independently to launch production of polyethylene
(ICI discovery) and of nylon (Du Pont), while ICI
was able to launch production of PVC in 1940.
More recently several American firms were able to
start production of polypropylene, challenging the
Montecatini patent position within a few years of the
first discovery. The larger firms sometimes makes
agreements with one another for the exchange of
know-how, and a firm which has something to offer in
the way of its own research and development may be
able to obtain more favourable terms. Thus Distillers
were able to enter into mutually advantageous
arrangements with American firms such as B. F.
Goodrich (for PVC), Dow (for polystyrene) and later
with Union Carbide (for the whole range of plastic
materials). GEC (US) and Bayer cross-licensed
each other in carbonates.

German firms were not in a position to launch
innovations in the early years after the war. But since
the early nineteen-fifties, the successor firms to 1.G.
Farben have again become prominent. For example,
German firms have led in the introduction of low
pressure (linear) polyethylene so that, although ICI
was the world leader in high pressure polyethylene,
West German consumption of polyethylene (taking
both types together) is now as high as that of the
UK, and her per capita production of low pressure
polyethylene is the highest in the world.

But although an independent research and develop-
ment effort is a good basis for speedy imitation, it is
not the only way. Although British firms have been
among the leaders in research and development since
the war, they appear to have been rather rather slower
to imitate some important new advances—for example,
the production of high impact polystyrene, of acrylo-
nitrile/butadienc [styrene (ABS) and of polycarbon-
ates. More than half of total polystyrene consumption
now consists of hardened grades of material. These
new types of polystyrene, based on the incorporation
of synthetic rubbers, were developed first of all by
1.G. Farben during the war in Germany, and after
the war by various American companies. The very
strong material ABS was first produced in the United
States soon after the war and by Bayer in Germany in
1955, but not until 1962 in Britain when Distillers
started production, followed a year later by two other
firms. Similarly polycarbonates and acetal resins have
not yet come into production in Britain although they
may do so in 1964 (ICI and Celanese). These materials
have great potentialities in engineering applications




=
L]
P
p-
]
B
LX)
=
E
£
S
kg
W
—
&
B
=
IS
=
S
3
=

nsg uys 1561
MAYIuAg
uaNrg Apeie) wedel 661
jured Tesuely 16l
i
apiqiey uoddip]
T nyeSey A 1561
&

Teanuay) nHONIAY 6]

laqeg voddiN €261

1aeg uoddiN €761
promyaD uoddin req LZ6]

surydojjaD ool 6761
g

¥ 1O OCW0WNsIEW [S6]

promyeo uoddin 2L T6l
projn|j2) uoddiN 1®q LT6]
piojn2D uoddin 1eQ €561
propoa0 uoddin Teq 8T61
pro[njja0 woddiN 1B(y LT6]

AS [EPYILY
® proma) uoddin 8061

BUISIY
BURITEI] 00§ {, BE61

UNEUOW 6461
lunesuop LTl
WNEUOR 1561

unexuop 1561

uneauop el

upeauop 9eal

oyayeg

BUBNEY] 20§ 7761
aayeg

BURIEY] 0§ TT6T

jiuajod 121008 BT 161
OIS 9¥6l

nepads mop
| -01d wuefEl[ ‘qed 661

OIS 9£61

DIS ¥S61

OIS ¥Tsl
1arso(dsg % 2494

-jod euEEI] 208 OZ6I

OIS ¥T6l |

uieqon ‘I
¢ JUINOZ-IUOY 561

[FZog-1290N 0561

uuewyny 861

SpRIIgNIY

| smaap p sowrsow ss6l

uuBWYnY § 9661

._._.E._m._._.__ﬂ_SU— QEG]
oposag np "1 9161
opoJaj np "1 9161
oposag np ‘3 6161

1psoI0
% ups[Pd “21 0061

eueydo[2D ¥ L16]

JUOY NP SIS
onbrwiyd 20§ TTHI
aInjua],
¥ oudssyous|g 7161
auoyy np sAwsn
anbiwiy) ->08 §T6T

A

&
SUIEILIUIY
~0oureL 91D SLBI

NNRYeH §561
SIUOO|IS PUBIPIN Z661
anayey - ulfeIe] 056l

sogstuty

|Barmay ) 12ON 6761
SMISe|g

[emsnpu 39 8€61
sanseld

Fmsnpuf “1g 9p61

sapiued) “Jg pE6l

sapued) I 8T61

1anbowT pieweg 6161

Jonbae] pivmwed 0161

Janbae] prewe( 9[6]

proutry ZI6l

aueydo||2D 14 0£61

101 1961

uOlLY I £T61
asaur[a) "Ig 9161
sanseld Xd ¢ 8¢€6l
"SpUI [PqON (£T61
SONSEId XH & TE6I

snuolLx ysnug LL81

AWHD PloYYRY 661
I2EM 0561

anuayd) PloYYdIy £561
(19keg)
uoqied "D 14 LT6]

[93UdH SE6L
(DV nweul)
uaqied "D °[ 8E61

1svd)
uaqreq 0 I TE61
(DY yweuiq)
uaqie] D [ 6261
i
ayiamsIny
¢ npsey *g 0161
aylamsiaBinyg
! Bwposey d 0161

Uemilunoy
uNIuIss G681

NN cTol

21=H Zeel

uqieq ‘0 [ TEGI
(1akeg)

uagqreg "D [ § SE61

ot $z61

134eg S061 |

Ioded 061

surg Auew JE761

plomez %
unung syasIuEYy 8L81

splousay @ 20a3( LP6]

anaary [euRD P61 |

SSE[D)

apeld YSmasiid TH61 |

NI [RIDUID GT6]
pIWRUERLT) UEILIAWY 661

PrUBURL) URIIAWUY 6861

prieues) UBILISWY 9g6]
prureues) Uy 6T61
aayeq uan o6l
AN=NEd "UAD 6061
sieyed [eIaU2D 6061

NIPPRY 6161

wuog ng 761

moQg 6E61

I2pmod SANDIH SE6T
yepoy ueunsed (€61
RIS JO 0SAURID LT6]
yepoy ueunseq LI61
‘d1o) prongiRd 8061
wod ng £T61

yepoy uewnsey FERT

1e1d (e Auegiy 0L81

xodg ‘p1
" euodms gl
153810 71
PAYIV 11
©Buneoes 10 aa152YpY ()

Japsod Fuipnoy (e)
:apAyop|RUIc)-aunueay 0l

+Buneoos Jo sy py (q)
sapaod Suipnoy (€)

: apAyap[ewio]-ealf) 6
aouayd 158D (2)
+ - funeod 10 sa1saypy (q)

Japmod Surpopy ()
: apAyapeuIoj-jousyd ‘g

InEED L
sapsepd jasounayqy, I

sueydoyz) ‘9
aso[njjaD) Ay °§

aso[nf) 14y ¢
)81
-fing ;oY eso[n|ED) g

ansejdowsay [ (5)
adop sued
-1e 10 ‘anjf “zanboe (q)

aseq wiy sydeaforloyd (v)
: 91130 2SO T
1anboe] Ansoosia mo ()

aseq wiy siydesdojond (q)
pro[nja (v)

: 91BnIN #so[(R) |
sopseid dsonRD 1

wopdury paarun)

(sp6l Joye
Aurwaan 15944)
AupuIany

sNEIg pAIun

unog (®)
a0poid [
dnosd fruey |

speuajem ansejd snowrea jo uopanpoid eRIATNIOD ISIL

"TT 919%L




=
o
=]
]
3
=
&
]
=
-1
I
2
1
| -
®
vy
h:!
-
>
2
-
s
8,
£
=
fad
=
o
f~—
=
3
&
]
oo
3
=
B,
=
B~

‘g€ a8ed ‘(7) ;mowmooj 935 ()

'05 #8ed ‘| xipusddy 336 ‘swonerAauqqe o) jo gno-Bupppds oy Jo4  ‘(Joyine oy gita JusmAIRe Ul SIUSUPUANIE 10U YILK) Jp0a) Jouoiinuidu) v PRIS © ! SI0j4310F 11ayiNdS "Isneqny D) : 32n0g

ey Bwysouny 6561

reqnyjoys uoddiy £961
SR

oJon[4 ORIN £961

uwoley ofol £col
UOARY TYSIQNSITY

* SSE|D) YRSy BE61

UOARY IYSIqNSIN 7961

epog vwrednyoL, 1961

[eataRy ) IS 8561

[E2TUAY ) OWOIUNS {561

OIUBSUOIN -TYSIqUSHIN £96]

CIUBSUOA -IYSIqNSIIN
P MO IYeSY (S6]
[earway’y eysany 06l
OAIIH
0ssIyD uoddin UIys +hal
[earuay )
anaquis uoddin 61
ofny
0sstyD) woddiN utys 6561
oliiH |

ossiyD uoddiy viys 9§61 |

TUTEIUOW §S6]
BIIOBIPOY [ 6]
sejdxald euvi(®1] LE6L
UNERNUOW [S6]
TUEIUOW LS6]
REaduo +561

UneEINUOW Z<hl

UoSIpang 7941
lunexuoly $$61

UNEINUOWN Zr61

02Ny
0oNeg uosipd 2561

TUNEINUOW [S6]
A.._U.—..__._._SU
2101798 UOSIPT #EE]

S2310N].
Sauisay "20S 8561

E120RIPOYY £¥6]

14 [PqON BEGT
AsTEIURIY [2QON LE6]

IPURLLIO N -2]21208
WP TTRER T |

Ju3nog-2uoly 9561
anbuseld aual AT $$61
UUBWNY 0061
oJuesuOp 7961
OJuBsuO $S61

(epfauiyaag 1561
anygonsed 1961

U NOJ-3U0YY THE]
"I [PqQON gtal
uIRqon) ‘1§ OFsl

QURANOG-UOUY LEAT

121 sv6l
ID1 056l
IOT ££61
ID1 Zeal

121 6561

s[EdIwWaYy)
DoqQIEd0IpAH 6561
ID1 Leol]

SINMSIC 2961

SUUOIAX YSIUE $56]
..:._u.._«wm.:.uz
(SIS 0561

101 ov6l
Iaqqny doung b6l

1a4eg LS61 7

1SY20H g<al
(4sve)

uaqied "o [ £r6l
(1a8eg)

uaqIeq "0 '] 0561

STRE] W WOy LZ6]

1SY220H LS61

15220 561
(4SVH)
uaqred ‘o T #p61

Jdeg $561
(1adeg)

uagieg "0 [ Irel
(3adeg)

uaqieg "o [ Tr6l

Isve)
uaqieq “0 ‘1 06l
SY20H 8F6T
1%0e A 761 |
(4svd)
uagaed *0 T 1£61

IR M BTG

29[ [ei3u2D) 1661
uog N es6l

EELTED I
Suod nq £v6l
uog ndq 16l
SEPH ¥ wWyoy 94l
SeeH ¥ wyoy [£s]
IopMmog SHNDIAH LSa]
wnajonad sdijjiud 956l
uod ng 1e6l
[earusy D yonjednen op61
SEEH % Wyoy 8¥6l
Mol Lyel

ey NoniedneN £E61
moq Orel

suisay uefrmeys (e61
wog gy gesl
apIqIe) uown) 561

2pIqIE]y UoIU[) ATAT

aouely

wopdury paup

(Sha1 1w
Auewiisn 153M)
Aumuany

S3BIg palun

aeuogiediiod ‘Ig
BRI Lt =0 1 T

d41d 6T
Uo[AN 87

1 ansejdowsay 1. (g)
UOIS| NI 10 2a1sa Py (B)
aeplaaeyiaw [Ayawsjog

*+ ouajfdoadLjog

suafpasiod 1eaury
auafy1a

amssard  ydiyg
BLIEVEST

-WApmng-ajmuoj{y
aLnmojiioe

[oauaifys/auaifysijod
usIpEINg

-au21K)s[ aualisAog

-Ajod

auarfysdjod
"t uRlRg

[riiing [Luraf]og
[oyoa[e [AutaL]og
OAd

mejaoe [Auirkjod st
sapisepd snsepdonusayy *I1

npoxd [
dnosd fuuoey 1




42 National Institute Economic Review

because of their hardness, good temperature range
and resistance to creep. However ICI was well
ahead of other European firms in the production of
poly-tetrafluorethylene (PTFE). Japan, which was a
long way behind Britain, France and Germany in the
introduction of the older plastic materials, was ahead
of both Britain and France in acetals and poly-
carbonates (table 12). Until recently Japan had a
much smaller research effort than some European
countries and did not innovate any of the principal
materials, but she has been very successful recently in
two of the various methods of imitation : the pur-
chase of technical know-how from foreign firms and
production by foreign-owned subsidiaries. Almost
all the plastic materials were first produced in Japan
under licence or by American subsidiaries. Thus
although the evidence of key innovations confirms the
German and American technical leadership suggested
by the research and patent data, it also shows the
importance of successful imitation by all available
methods. In Japanese manufacturing industry as a
whole, expenditure on royalties was rather less than
half as big as research expenditure ; but in petro-
chemicals more was spent on royalties than on
research.[2¢]

Plastics machinery

German pre-eminence in materials seems to have
been accompanied by a similar lead in machinery and
processing techniques. The methods of fabrication
were at first based mainly on imitating the techniques
used for metal-working and for processing rubber and
ceramics, but it became increasingly necessary to
develop new specialised machines. The most import-
ant of these are injection moulding machines. The
first injection moulding machines suitable for large-
scale production of thermoplastic articles were made
by Eckert und Ziegler in Germany in 1926, and this
firm together with F. Braun (Isoma) remained the
principal European producers of plastics machinery
until the war.?”  Eckert und Ziegler were owned by
I.G. Farben who encouraged their development work
in plastics machinery, and also undertook some
research work in their own laboratories. Perhaps the
most important single advance in design of machinery
was made by a British firm, R. H. Windsor who in
1953 produced and marketed a twin-screw injection
moulding machine. (Before the war, Windsor had
acted as importers of Eckert und Ziegler machines).
The use of the screw principle for plasticising in
injection moulding machines was patented by Beck
of I.G. Farben in 1943 and about the same time in
France. But in Germany this patent was not actually
followed up by the development of a prototype or a
machine until 1956, when Ankerwerk, Gebr. Goller

made the first single screw in-line injection moulding
machine in collaboration with Beck, who was still
working in the research laboratories of BASF. As a
result of Windsor’s work, that of BIP Engineering in
compression moulding machines, and others, British
firms were able to overtake Germany’s technical lead to
some extent after the war. In the immediate postwar
period American firms also made important advances,
but failed to recognise the importance of screw plastici-
sing for injection moulding. This provides an interes-
ting example of ‘technological gap’ trade!?®] between
advanced countries, as the technical lead of European
producers enabled them to increase their exports to
the United States and also to license American pro-
ducers of screw plasticising machines.’?”)  United
States imports of moulding machinery from West
Germany increased from $1.2 million in 1960 to
$4.9 million in 1962 ; from Britain they rose from
£0.2 million to $0.5 million. In spite of the technical
successes of a few outstanding firms, the British
industry as a whole still lags a little behind the German.
There appear to be only three British producers
spending as much as 3 per cent of their turnover on
research and development, and many of the others
are producing under licence. In Germany there are
half a dozen or more producers with a strong indepen-
dent research and technical effort, and spending 3-5
per cent of turnover on research and development.
But the largest producer, Battenfeld, has concentrated
on simple, low-priced machines.

The evidence suggests that the technical leadership
of Germany, United States and Britain was even more
pronounced in plastics machinery than in plastic
materials. These three countries account for 90 per
cent of world exports (table 13) of rubber and plastics
machinery, and Germany is particularly strong in
plastics machinery. Japanese production of plastic
machinery, as of plastic materials, is still largely under
licence from American, German and British firms®%
and she is still a net importer.

Advances in machine design make possible new
applications of plastic materials. For example, the
present large-scale use of rigid PVC for rainwater
systems in several European countries has been made
possible because screw injection moulding machines
are now available which can fabricate satisfactory
joints on a large scale, Another example is the
collaboration of ICI, Windsor and Rollex which
enabled acrylic polymers to be used on a large scale
for television screens and for natural skylighting.*!]
These advances are, of course, not necessarily limited to
the country producing the machines. For example, PVC
injection moulded telephones are now being produced
in Japan on the basis of development work by Anker-
werk (Germany) in co-operation with Japanese
firms.1*2) But generally speaking a technically advanced
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Table 13. Exports of rubber and plastics machinery

8 million

1957 I 1958 1959 | 1960 1961

United States
West Germany
United Kingdom
France!@

Ttalyt®)

37.2 308 34.2 41.7 47.2
20.5 23.9 30.5 39.3 67.1
7.1 9.1 16.4 31.2 313 g4
0.8 1.5 26 56 | 66 7.9

|

Total of above

54.6 7 | 1015 l 124.9 ‘ 160.6

Source : National Trade Statistics.

(a) Includes machinery for soap, stearin, perfume and pharmaceutical products.

{b) Plastics machinery only.

and progressive machine industry will principally
benefit the country in which it is located, because
material-suppliers, machine-makers and fabricators
can more easily co-operate there in experiment,
development and design. This tripartite co-operation
appears to be closer and more satisfactory in Germany
than in Britain. ¥

Technical progress : the consequences for production

Summing up the evidence from all three measures
of technical progress—research expenditure, patents
and innovations—it seems that in the years up to 1945
Germany, or one might say I.G. Farben, was well in
the lead. Before the Second World War, only the
United States was a serious rival ; after the war she
was able to draw ahead, when German industry was
dislocated and disorganised. But in the last five or
six years the successor firms to I.G. Farben in
Germany have again been prominent in patents and
innovations. Britain’s research effort in plastics has
been very much greater since the war than before it.("
The French and Italian research effort in plastics
seems to come some way behind that of Germany,
the United States and Britain.

In the analysis of the effect this research and
innovation had on production and trade, it is useful
to distinguish three phases : the research-development
phase, the technical-commercial phase, and the open
competition phase. During the first phase, which lasts
typically between five and ten years, a new product is
brought to the stage of successful pilot plant produc-
tion. Most of the development work is done by
specialised research and development teams, and
typically towards the end of this phase, patents are
taken out.”? During the second phase, which lasts

1'The Annual Report of ICI for 1962, commenting on the
firm’s rescarch expenditure, says * The largest single compon-
ent of this total was work associated with the invention,
development, manufacture and use of organic polymers,’

2Some patents may of course be taken out at any stage
of the project.

from 15 to 25 years, large-scale commercial produc-
tion is launched ; research and development work
continues, but its trend shifts to applications and
process research. In this phase the innovating country
has a decisive advantage, and is likely to be the leading
country in per capita production and exports and often
also in consumption. It has a head-start over its
rivals and its lead in technical know-how is buttressed
for at least 15 years by patents and commercial
secrecy. Production may be licensed to other coun-
tries, but this is usually done on a limited scale only
after a number of years.[**! Licensing is restricted in
the early period so that prices may be held high
enough to recoup development costs. Furthermore,
the arrangements usually carry restrictive export pro-
visions.

Acetal resins are an example of materials in this
early phase. Although first produced by Du Pont in
1953, they were not licensed for production in Japan
until ten years later, and are still not produced in
Britain. More serious competition may develop at an
early stage if several countries have simultaneously
been doing the research and development necessary
for a new product.

Soon after patents expire, the third phase begins.
Imitation is easier and technical know-how begins to
spread more quickly. The number of producers
increases, attracted by the high profits, and prices
begin to fall more sharply. But even now, 20 or 25
years after successful pilot plant production, the
innovating country or countries still normally enjoy
some major advantages in accumulated production
experience and technical know-how.  Thus, for
example, 25 years after first producing high pressure
polyethylene, ICI was still able to make arrangements
for the sale of technical know-how to an industrially
and scientifically developed country such as the USSR,
as well as to many other countries.*®! With the
exception of the United States, Britain still has the
highest per capita production and exports of high
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pressure polyethylene in the world.P6I"

However, in this third phase of open competition,
directly technical factors will become less important,
and other factors—such as material costs—will matter
much more. Thus, for example, some 30 years after
the United States and West Germany first produced
PVC, Italy and Japan are now overtaking these
countries in per capita production and consumption :
for they have cost of production advantages and are
able to quote lower prices.’”1®  So they are able
to challenge the innovators in export markets—or
indeed in the innovators’ home market : for example
Italian sales of plastics in West Germany.

But even in this final phase the innovators will still
benefit to some extent from their long experience, from
their accumulated knowledge and from their still-
continuing research and development. Other pro-
ducers may overtake them in production costs and
prices for standard grades, but they are able to
introduce new and improved qualities in the old
materials and in this way open up new markets and
retain old ones. This is happening with all the three
major thermoplastic materials—PVC, polystyrene,
and polyethylene. The old producers are also able to
some extent to offset other cost disadvantages by
continuing technical progress in processing and some-
times also by economies of scale. Germany and the
United States are still leaders in per capita production
and consumption of condensation products and
cellulosics (table 3), groups which contain a high
proportion of materials now 40 years old or more.

The pattern of consumption

Technical progress, then, seems to throw a good
deal of light on the country pattern of production.
It cannot, of course, in the same way explain the
country pattern of consumption. To take a straight-
forward example, Sweden, in 1961, had no production
of polyolefins, and consequently no technical progress
in it ; but her consumption per head was higher than
in either Britain or West Germany (table 3). The
level of consumption in a country will depend,
amongst other things, on the level of national income,
and possibly also on its rate of growth ; on differences
in industry structure, since some industrics use more

{UThere are some special reasons for the high United States
production of polyethylene. Under a special war-time
agreement, 1Cl transferred all its technical know-how to two
American companies, Du Pont and Union Carbide, so that
they could launch large-scale production for allied military
requirements. Furthermore, under the Ryan judgment arising
from the United States Government anti-trust action in 1952,
high pressure polyethylene was compulsorily licensed to half
a dozen other American companies, and these were given
the right to export to those countries in which ICI's basic
patent was still in force. :

2)5ee Appendix table 25, page 59, for lower Japanese and
Italian prices of PYC polymer.

plastics than others ; on whether user industries are
themselves progressive and research minded ; on the
level of tariffs ; and also on the extent to which
producers of plastics are energetic in promoting its use.

Plastics consumption is in fact quite high in a
number of countries which have little production of
their own, but which have high incomes and liberal
import policies. This is the position in Switzerland,
Belgium and the Netherlands, as well as in Sweden ;
all these countries have benefited from the export
efforts of innovating countries, and indeed from the
low prices of dumped materials. Importing countries
like Australia, on the other hand, which protect their
infant industries with fairly high tariffs, may take
longer to reach high levels of consumption in spite
of their high income levels.

Before assessing the effect of the structure of
industry, it is useful to divide plastics consumption
into two groups : consumption by fabricators of
plastic products,'” and consumption by other users.
In the first group, which accounts for 60-80 per cent
of consumption in the leading countries, packaging,
construction and electrical engineering are the big
users. In the second group, plastics are mainly used
in the manufactures of glues and adhesives, paints,
coatings, and auxiliaries used in the textile industries
(table 14).

The electrical engineering industry and the paint
industry are much bigger in Germany than in France
or Italy : so this would explain part of the difference
in per capita consumption. But in Germany and
Britain the two industries were about the same size
in 1961. The only significant structural differences
between these two countries is that Germany has a
bigger construction industry (both absolutely and
relatively) and, partly as an indirect consequence of
this, a bigger glue and adhesives industry.

Roughly speaking, German glue and adhesives
industry consumes nearly 3} times as much plastics
materials as the British : the difference is about 120
thousand tons. Its output is about 2} times as big.
So, of this higher consumption of 120 thousand tons,
about 75 thousand may be explained by structure,
and 45 thousand by the fact that glue in Germany is
made from plastics rather than from other materials.
This higher utilisation is largely duc to the technical
progress of the plastics industry. I1.G. Farben
pioneered the urea-formaldehyde syrups and poly-
vinyl acetate adhesives which today contribute a large
part of its total output.

But even the apparent * structural * difference is in a
way misleading. A good part of it can be explained
by the German chipboard industry, which consumes

31This includes cables.
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Table 14. The industrial pattern of plastics consumption, 1961

Thousand metric tons

As per cent of total
consumption'a)

UK

Germany Italy Germany Italy

Plastics fabricating
Packaging - - i -
Electrical engineering'®)
Domestic ware and other consumer goods
Construction, including flooring and interior ﬁltmgs
Engineering, vehicles, instruments, belting and miscel-
laneous industrial

48
37
67
64

14
11
20
19

75
107
108
154

70

33 10

Total, plastics fabricating .. s
Other plastics consumption
(principally chemical industry)
Paint e L &
Adhesives, glue ..
Other

" E

82
50
20

522 250 75

106
168
41

16 13
10 20
4 5

Total, other uses .,
Total, all uses “e

507

315
829

30
100

38
100

Source : NIESR, based on trade estimates ; Chemische Indusirie, October 1961 ; Saechtling, Werkstoffe aus Menschenhand ; and Gesamtverband Kunsistoff-
verarbeitende Industrie Reports and Statistics ; Instituto Italiano per gli studi sui consumi, Consumi e impieghi di marerie plastiche.

(a) In terms of weight.
(b} Including cables, etc.

an enormous volume of glue.!") Its output in 1961
was just over 1 million cubic metres, compared to
85 thousand cubic metres in Britain. The chipboard
industry was the result of an intensive effort during
and after the war, encouraged by the manufacturers of
plastics materials, to utilise waste wood commercially.

So perhaps a better comparison is to consider the
glue and adhesives industry as an input of the con-
struction industry (which it is, to a large extent), and
to compare Britain and Germany in this way. The
German construction industry then—including the
plastics content of glue—consumed over 300 thousand
metric tons of plastics in 1961, compared to just over
100 thousand metric tons in Britain : and, at most,
the construction industry in Germany is only one third
greater than the British industry. On this way of
assessing the effect of structure, it only explains some
30 thousand metric tons, of the difference of 200
thousand tons between the two countries.

Most of the difference, then, between the two
countries can be put down to a higher utilisation of
plastics within German industries. This was already
well advanced before and during the War. Among
the numerous applications which were already
developed in Germany before 1945 were vinyl flooring,
oriented polystyrene film, PVC film, PVC covered
wires and cables, rainwear, a variety of PVC pipes

{UThis explains the very high German consumption of
urea-formaldehyde resins (table 3).

In terms of value the share of construction would be much lower and that of engineering higher.

and fittings for the chemical industry, vinyl coated
bags, PVC shoe soles, hospital sheeting, curtains, food
containers, insulating foams of PVC, polystyrene, and
urea formaldehyde and magnetophone tapes.[*¥ In con-
struction, also, plastics were and are much more widely
used in roofing, panelling, thermal insulation, and
interior fittings of all kinds.

Producers, fabricators and users

The extent to which plastics are used in any
industry—the utilisation factor—will depend on the
total research and development effort put in by
materials producers, fabricators, and users to extend
its use. In most countries, the bulk of such research
expenditure, perhaps four-fifths of it, is done by the
materials producers themselves ; and, of the rest, the
user industries seem to do more than the fabricators,
whose share is very small.

Most of the fabricators are small and medium-sized
firms who have no facilities for research and develop-
ment. There were 789 fabricating firms in Britain in
1958, employing on average about 50 people and 1,100
in West Germany in 1960, employing an average of
about 75. In both countries there are a few excep-
tional firms, such as Commercial Plastics, which
themselves do research and development into new
applications. But the great majority do little or no
research. Some of the fabricators are °trade-
moulders °, taking on work for a variety of customers
as well as selling their own final products and varying
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their output continuously. Others arec producing
typically a small range of products for only one or a
few customers, and are virtually the plastics depart-
ments of large consumers of plastic components. In
both Britain and West Germany some of the largest
users, especially in the electrical field, mould and
extrude their own plastics, for example cable-makers
and radio firms. But an electrical engineering firm
like Lucas in Britain, which is one of the largest
fabricators and users in the country, may also put out
work to many other smaller trade-moulders ; and the
plastics departments of large user firms may also take
on trade moulding for outside customers when they
have spare capacity. The fabricating side of the
industry resembles the engineering industry, where
sub-contracting also provides flexibility.

The large consumers, and those firms which are
both fabricators and consumers, contribute more to
the technical progress of the industry than the inde-
pendent fabricators, because they have more facilities.
But there is no evidence that such consumers are much
more active in this way in West Germany than in
Britain or the United States. As between Britain and
West Germany, the difference in the use of plastics
appears to be least in technically advanced industries
such as electrical engineering, cables, paint, auto-
mobiles, and packaging, and greatest in relatively
backward industries such as construction, domestic
ware and furniture (table 14).

Thus, for example, in the car industry, it is true
that some West German firms were earlier than the

Table 15. Weight of plastics in various British Motor
Corporation vehicles
Ibs.

Mini 1100
August August
1963 | 1963

Material

PVC in leathercloth .. | 10.5 11.9
PVC unsupported ‘ 2.75 5.0
Acrylics .. i i A 0.5 1.1
Nylon .. & & 0.16
Polyacetal i i | ’ 0.016
Polypropylene .. i | 0.38 0.5
Polyethylene HD i 0.33 —_
Polyethylene MD . 027 | 035
Styrene .. - " b 0.27 0.34
Phenolics v Wi 1.0 0.95
ABS §i i i 0.35 0.38
Cellulose acetate i 1.1 09
Polyurethane foam .. 5.75 14.0

Total .. - 26.3 23.35 f 35.6

12.5cwt.| 16 cwt.

Weight of vehicle 21.5 cwt.

Source : K. C. Waldron (British Motor Corporation) * Plastics in the car
industry ', paper presented to the Plastics Institute, London Section,
October §, 1963,

British in introducing new applications for plastics in
vehicle manufactures. Volkswagen were already
using over 22 lbs. per vehicle in 1959,*1 and now
use up to 29 lbs. in over a hundred different parts.
But there is probably now not much difference between
British and German use in cars. The new BMC 1100
(August 1963) uses 35.6 lbs. of plastics per car, and
the much lighter Mini uses 23.4 lbs. (table 15). British
manufacturers have been ahead in the use of rein-
forced plastics for the cabs of commercial vehicles and
other applications.

The cable industry is another industry where there
is probably no great difference between Britain and
West Germany in plastics utilisation factors, although
here again German manufacturers switched over to
plastics earlier. In packaging, Britain is ahead of West
Germany in total plastics consumption (table 14).
Chain-stores, multiples and other large firms have a
larger share of the distribution network in Britain,
and some of them have, on their own account, pro-
moted new types of plastics packaging.” Also, the
largest manufacturers of metal containers in Britain
(Metal Box) recognised the potentialities of plastics
very early, and undertook large-scale development
work. Further, the materials producers themselves
have ventured into this field.

The clock and watch industries provide an example
of development work done by users. The British
firm of Smith's has been able to make important
savings by replacing expensive machined metal parts
with plastics. Other firms had previously failed to do
this, because their development work was inadequate,
and they did not redesign components specifically for
plastics. Smith’s plastics development section
succeeded in overcoming these problems, and the even
more difficult problem of improving injection mould-
ing techniques to the precise limits required for this
industry.#¥  When user-industries are technically
advanced and alive to the possibilities of new materials
and techniques, they may often initiate new applica-
tions either independently or in co-operation with
material producers, fabricators, and machine-
makers.#3

Plastics in the construction industry

It is in the less technically advanced industries and
especially in construction that the German lead is
greatest. This is not primarily due to the efforts of
the building industry itself, which is backward in

(DCar manufacturers in all countries need to be alive to the
possibilities of economy in materials as these account for
70 per cent of manufacturing costs. Savings of up to 80 per
cent have been possible for some components (Appendix
table 16) but plastics still account for only about 1 per cent
of the weight of a Volkswagen to over 80 per cent iron and
stcel and 6 per cent non-ferrous metals. Development work
which is now in progress in several countries is likely soon 10
lead to a radical change in these percentages.[41]




The plastics indusfry : a comparative study of research and innovation 47

research in all countries. It accounted for less than
half of one per cent of the total research expenditure
by British private industry in 1961,/ and the propor-
tion is probably no higher in the United States and
West Germany.

The German lead appears to be due to a greater
experience of plastics over a longer period, and the
applications research of plastics producers. No doubt
also shortages of traditional materials before, during
and after the war made users more willing to accept
alterations. The pressure of demand on the German
building industry was also very strong during the
period of postwar reconstruction.

The potential applications of plastics in building and
civil engineering are enormous, and even in West
Germany and Japan, which have gone further than
most countries, consumption is still relatively small.
There are a number of reasons for this. The con-
struction industry is mainly made up of small firms,
which cannot afford the type of large-scale develop-
ment work which is required. The responsibility for
design and fabrication are separated—one is with the
architect, the other with the contractor ; this tends to
inhibit innovation and weaken the incentives to cost
reduction through technical change."$]  National
standards, and the specifications and regulations laid
down by public authorities, all serve to slow down,
sometimes to a standstill, the adoption of new
materials. For instance, it is taking a very long time
to get plastic pipes accepted for water supply in
Britain. These institutional barriers to new materials
are also important in the United States. There too—
although firms like Monsanto produced experimental
all-plastic houses several years ago—the building
industry does not use plastics on any scale. This may
be the biggest single reason for the low United States
ratio of plastics consumption to national product,
compared with West Germany and Japan.

This backwardness in the use of plastics in building
has given rise to concern in several countries, and a
number of proposals has been made for reform. These
include co-operative research and development facili-
ties for the building industry, and the use of Govern-
ment contracts to promote innovation.1*! In Japan,
building firms contribute to the cost of research carried
out by chemical firms, and the Ministry of Construc-
tion also subsidises research programmes in building
applications of plastic materials.*”]  In Sweden
building firms also contribute an annual levy to the
National Council for Building Research which is
co-operating with the Swedish Plastics Federation in

M0ne of the most important materials used in construction
is rigid PVC. Appendix table 24, page 59, shows that Japan,
West Germany and Italy all make much more extensive use
of this material than the United States does.

the organisation of a joint research programme. In
Britain the Royal Institute of British Architects con-
vened a conference in October 1963 to work out a
policy for the development of plastics as major build-
ing materials : the conference brought together
builders, architects, plastics manufacturers and
government representatives. The Minister of Works
has already proposed a new building research and
information association to be financed partly by the
Government and partly by the industry.

Other factors

In an analysis of this kind, it is not practicable to
discuss all possible factors, or to pursue every matter
up the chain of causation to the end. For instance,
it could be argued that the business decisions dis-
cussed herc—to expand rescarch, or to increase
investment, or to experiment with new materials—are
all management decisions, and that the comparative
study of technical progress should be taken further
into a comparative study of management. This is a
much wider question, and beyond the brief of this
article. Equally, we have not gone into questions of
differences in taste, and psychological barriers to the
adoption of plastics ; it is difficult to find any con-
clusive evidence on these matters.

Two other questions are perhaps worth raising.
First, to what extent has the adoption of these new
materials been linked to the rate of economic growth ?
There does seem to be some link : it is perhaps
significant that the first four countries in rate of
economic growth in the last decade—Japan, Italy, West
Germany and Austrian—also rank in the same order
in the intensity of their use of plastics (chart 2) : that
is, in the ratio of plastics consumption to gross
national product. It might indeed be expected that a
faster rate of economic growth would both stimulate
using industries to accept new materials, and also
influence the investment decision of producers. Con-
versely, producers who have become accustomed to a
rather sluggish rate of growth will naturally be less
ambitious with their plans. The President of the
European Council of ICI pointed out in 1962 that
investment plans in the Common Market countries
called for a 60 per cent increase in plastics capacity,
whilst those in Britain provided for a 30 per cent
increase, and commented : “ In Britain we are naturally
conservative and cautious. Itisrare tofind a situation
where substantial over-capacity has been deliberately
provided . . . The British petro-chemical industry
while planning ahead with reasonable boldness has
avoided the problem of unscld surpluses and hence
has not had to face the temptation of dumping
because of too large plants’.1*¥]

Another question of some interest is the influence
of the central plan in those countries which have one.
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Chart 2. Growth-rates and plastics ¢ intensity *@
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{a) Plastics consumption is for 1961, except for Finland and Deamark, when it is for 1960. Growth-rates are for 1950-61, except for Finland, Norway

and Belgium, where they are for 1950-60.

Here, Mr. Khrushchev's criticism of the planning
organisations for their backwardness in recognising
the importance of plastics is interesting. He said :(149]
* Had planning and economic organs studied economic
problems more profoundly they should have deter-
mined when and in what quantities ferrous and non-
ferrous metals and other materials should be replaced
by synthetic materials, and developed their production
in every way. Unfortunately, economic and planning
organs do not take sufficient account of the achieve-
ments of science and technology, do not use these

(1" At my request the State Planning Committee and the
Committee on Chemistry have submitted a memorandum with
calculations of the economic efficiency of using plastics in the
cconomy as substitutes for lead, copper, zinc, ferrous metals,
fabrics and timber materials, Here is what this memorandum
shows :

“In the cable industry 67,000 tons of lead could have been
replaced by polyethylene in 1962. Capital investments needed
to organise the production of one ton of lead amounting to
1,630 rubles and for one ton of polyethylene, to 1,000 rubles.
Each ton of polyethylene replaces three tons of lead. While
capital investments totalling 108 million rubles are needed for
building up capacities of 67,000 tons of lead, the building up
of polyethylene capacities to replace this quantity of lead
would require only 23 million rubles, or nearly 80 per cent
less.

*In addition to a big saving in capital invesiments the
national economy would also have a big saving by reducing
the cost of cables, since the cost of insulating a cable when
polyethylene is used is cut by half.,

* Pipes also made of polyethylene could be used instead of

achievements for the accelerated development of those
categorics of production and branches which are
economically the most advantageous and promising...

* Production of steel is, so to speak, a well-worn
road with deep tracks, and here even a blind horse
will not swerve because the wheels will break. A
material has appeared which is superior to steel and
cheaper, but they still shout : Steel ! Steel ! If we
had only fulfilled the plan for the smelting of steel but
overfulfilled it for polyethylene we would have done
better and would be much richer. But this is hard

steel gas pipes and waterpipes, in housing and industrial
construction. Capital investments for building up production
capacity of 1,000 metres of steel pipes amount to about 1,300
rubles and polyethylene pipes, to about 600 rubles, or nearly
54.6 per cent less.

* Calculations show that in organising the production of
100 million metres of pipes from polyethylene, instead of steel
pipes, the saving on capital investments would total 72 million
rubles ; moreover the cost of producing pipes from poly-
ethylene would be 30 per cent less than of metal pipes.
Flooring from polymeric materials is 30-40 per cent cheaper
than wooden flooring.

“In the Froduction of high-voltage transformers the use of
one ton of epoxide resin makes it possible to release up to
two tons of copper and nine tons of hot-rolled stock ; one
ton of polyamide resin replaces about five tons of bronze in
the manufacture of sanitary equipment.

*The use of plastics in engineering, and various other
industries and construction reduces the weight of articles,
and their sm:. cuts operating outlays and mm labour
productivity.’
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to do because there are people in the State Planning
Committee who stop those who sensibly want to
change the steel production targets in favour of
synthetic materials.”

Japanese planning on the other hand probably

helped the industry’s rapid growth in that country as
the industry was given a high priority and very
ambitious targets were set."®) The USSR has now
also set extremely ambitious revised targets for
plastics,




