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Abstract

Discussion of innovation and technological development has to a very large extent
been restricted to high-technology industries. This is a serious shortcoming in the
theory of innovation. In the first place, low technology plays a dominant role in the
OECD economies in terms of turnovet, as argued in this study. Analysis of returns on
investment also suggests that this sector is more profitable than high-tech. Secondly,
innovation and technological development in low-technology industries are very
different from those in “high technology” and therefore cannot be analysed with the
same instruments. It is characteristic of low technology that new knowledge is often
transferred in embodied form. This is particularly the case with new materials, but also
with other production equipment. Adapting these to the firm’s own products and
production processes calls for capabilities from the firm itself in the form of learning
processes. These learning processes are in turn integrated with the firm’s material base.
Not high R&D expenditures, but low implementation costs, are thus a measure of
success. The importance of different ways of obtaining access to new knowledge in
low-technology industries, for example in the form of buy-ups and licensing, is also
discussed.

Keywords: low technology, innovation, materials, competitiveness

Address for correspondence: pah@ruc.dk , serin@ruc.dk



Materials, innovation and competitiveness in low-technology

industries

By Povl A. Hansen and Gdran Serin, Roskilde University, Denmark

TABLE OF CONTENTS

INErOAUCHON. (.. 6
Low-technology industries and COMPEttIVENESS. .....vuveurieemreeemreereesereneeeeereesceeesenennes 7
The role of materials and learning processes in low-technology industties. ............. 10
Material adaptability in the plastics INAUSTEY....c.cueuerreerricrrieireeeceeeeeeeneeeneanne 12
Material adaptability in the metal packaging Industry. .......ccveeuvecivecivnccenicnicnnn. 14
Materials as a basis for innovation strategy in the Danish metal packaging

IAUSTLY. ottt sa e 16
Licensing and INNOVAHON StIALEZY. ....cvvvvumiuriiiriiiiiieiiiisieiese e 16
CONCIUSION .ottt 19
REFEIENCES ..t 21



Introduction

Low-technology industries have not occupied a central position in discussions of
innovation and innovation theory, despite the fact that low technology and medium
technology have completely dominated the industrial structure of the OECD
countries. This domination will not change in the foreseeable future; for example,
more than half of those employed in the OECD are in low-tech industries [1].

This obvious neglect of low technology can be attributed either to the belief that the
theory developed for so-called high-tech industries can also be applied to low-tech
industries (and that there is therefore no need for an explicit theory of innovation for
low-tech industries), or to the view that no innovation process takes place in low-
technology industries, and these industries are therefore of minor importance in terms
of innovation. We believe that both conceptions are wrong. Thus the purpose of this
article is to discuss the specific conditions which surround the innovation processes in
these industries and, against this background, to develop an understanding of the
specific character of the innovation processes in low-technology industries and the
ways in which they have taken place.

One view that has supported this focus on high technology is the opinion that the
advanced economies should focus on properties and qualities of the products instead
of on price competition. Instead of risking intense price competition from low-wage
countries it is better to leave the low-tech product market. In this way there will be a
continuous upgrading of the advanced countries. The success stories according to this
theory are those countries that have been able to “exit” the low-tech field in favour of
more advanced products. The classic example of this is the development of Japan [2].
In particular, the EU countries are said to be losing competitiveness to NIC and
Eastern European countries in the low-tech field. An important area neglected in this
discussion is the importance of competition based on properties in low-technology
industries. Competition in terms of quality and design therefore also characterizes low-
technology industries where the upgrading of the economy might not involve the
development of high-technology products but the upgrading of low-technology
products by focusing competitiveness on quality and design instead of price.

The focus on the implementation of new knowledge, specifically coded knowledge,
has meant that other aspects that contribute to the competitiveness of firms have been
ovetlooked. These factors are valid and relevant in relation to the fields of technology
and innovation, but are not amongst the issues raised by the high-tech industry. A case
in point is the interest shown in recent years in tacit knowledge and learning processes
in relation to specific industries — an interest that has been related both to the
organization of learning processes within the firm and to regional and localized
learning processes [3].

As our analysis will also show, a lot of the problems of innovation raised in recent
years can be placed in a historical context. They are not new, and have been part of
industrial competitiveness for many years. A historically based analysis can thus shed
new light on the problems and consequences associated with different development
strategies. First of all, there is a relationship between technological strategies often
established early in the life of a firm and an industry, and the problems faced today.
Analyses of technology adaptability or shifts in strategy must therefore be done in a



historical perspective. A technology trajectory is often the result of a long historical
process, whete eatlier strategy decisions set the boundaries for future technological
adaptability and strategy options.

A starting point in a historical context can therefore provide new perspectives on the
technological development problems that companies face today. This historical
perspective is particularly relevant and necessary in relation to low-technology firms
and industries, where the development of innovation and technology has often been
characterized by complex learning processes and tacit knowledge.

Low-technology industries and competitiveness.

During recent decades there have been few changes in the production structure of the
OECD countries. This does not mean that there have been no changes in the
products and processes of the firms, only that there have been no fundamental
changes in the production structures of the OECD economies.

This rigidity of the production structure has increasingly been identified as a problem,
and the issue has been accentuated with the emergence of the discussion of the
relationship between technology levels and profitability.

In this discussion the popular view has been that high-tech industries will be the most
expansive and profitable in the future. This argument is often based on a very few
successful firms and specific industries such as the computer software and medical
industries. However if we look more closely at the industrial structure as a whole,
rather than simply focusing on a few success stories, we will not find this close
relationship between the technology level and profitability.

A Danish study of the most successful and rapidly expanding firms in Denmark shows
that there were only five high-tech or medium-high-tech firms among the ten most
successful Danish firms in 1999 [4]. Five were medium-low or low-tech firms. If we
look at the most rapidly expanding firms in Denmark in 1998 we will only find three
high-tech firms among the top ten [5]. Another characteristic of the most successful
and rapidly expanding firms was that they were all small or medium-sized. The most
successful firm only had 114 employees; the next three had 170, 90 and 766
respectively. So these expanding and successful firms were also very small or medium-
sized firms.

A more detailed study of the Danish industrial structure, dealing with the development
of turnover and return on investment over a number of years, will give us a more
accurate picture of the relationship between technology level and the expansion of

production and profitability.

1 The division into different levels of technology is based on the one made by the OECD. In this
division high-technology industries are defined as industries where the R&D content is higher than
6% of production cost, medium-high-technology industries are industries where the R&D content
is between 3% and 6%, medium-low industries are industries where the R&D content is between
1% and 2%, and low-technology industries are industries where the R&D content is lower than
1%.[6] This division is based on the ISIC nomenclature. Since 1993 the EU countries have

abandoned the I1SIC nomenclature. The divisions in the new nomenclature are not immediately



Fig 1. Technology level and turn over 1984 - 1996
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Source: Own calculations based on Denmark’s statistics.

If we look at the development in turnover in Fig. 1, what is immediately striking is
the massive dominance of low and medium-low technology. Low tech’s share of
total industrial turnover is 47% in 1997 and medium-low-tech’s is 26, while high
tech’s share is only 11%. Medium-high-tech’s share is slightly higher. If we look at
the period from 1984, no dramatic changes have occurred. High tech has increased
its share from 5% in 1984 and low tech’s share has decreased from 54% in 1984.
These developments have, however, been counteracted by the fact that medium-
high technology has decreased from 23% in 1984 while medium-low technology
has increased its share from 18%. From this we can conclude that low technology
still plays a very important role in the Danish industrial structure.

comparable to the ISIC divisions. The division in technology levels from 1993 onwards must
therefore be based on estimates. The statistics include only those firms with 20 employees and
more up to 1994. From 1995 it includes all firms.[7,8]



Fig 2 Technology level and return on investment percent
1984 — 1996
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If we look at the return on investment — that is net profit compared with total
assets — we can find no support for focusing on high-technology industries. There
is no clear relation between technology level and return on investment. At the start
and at the end of the research period the return on investment was approximately
the same, around 9-10%, for the four technology levels. However, in the last three
years (1995-1997) the return on investment has been higher in low-technology
industries than in high-technology industries. What also emerges from Fig. 2 is that
medium-high technology generally showed the poorest result in terms of returns on
investment in the period 1984-1997.

Of course this broad technology division hides the fact that there have been
different patterns of development in the technology levels when one compares
different industries, in terms of both turnover and return on investment. In spite of
this, and since nothing indicates that conditions are very different in other
countries, one conclusion of the investigation is that we can reject the popular view
that there is a close relationship between high technology and profitability; and by
extension, that the industrial policies supporting high- technology industries
pursued today in the majority of the OECD countries have often been built up on
false assumptions — a high-technology strategy does not necessarily mean increased
profitability compared with a focus on low technology.

The rough analytical division in technology levels based on R&D expenditures will
not give us a true picture of the way in which technological change and innovation
take place. This has meant that a lot of industrial production has been defined as
low technology. In reality, however, these industries are dependent on innovation
and development activities in other parts of the industry. These interactions take
place in the form of products exchanged over the market, between user industries
and raw material and equipment suppliers — an exchange that can take place
between high and low-tech industries.



Often the result of these structural relations between industries is that low-
technology industries will be introduced to new technology in the form of new
materials and production equipment [9]. This will take the form of relations
between industries based on developments blocks in the industrial structure. [10] In
this way, knowledge and innovation in other industries will be transferred by the
industrial structure to firms often only termed low-tech because of their low
internal R&D.

A large number of low-technology industries are also suppliers to more
sophisticated end-user industries and are in this way important contributors to the
final high-tech product. Plastic processing firms that produce components for the
electronics industry are only one example of the relationship between different
levels of the industrial structure. Another is the steel industry, where new materials
such as advanced steel and composites present new possibilities for developing new
products.

Some important relationships are associated with changes in the technological and
material base of the firm. First, technological changes often take place through
changes in the material base of the firm. This will change the basis for the firm’s
experience, and is therefore a difficult process. The development of the production
processes of a firm is often closely associated with a specific material, and
production experience related to materials is built up over a long time through the
use of the same kind of material. Secondly, developments in other parts of the
industry also intensify the quality requirements of low-technology industries if they
are to participate in the industrial network structure. In contrast, some parts of
high-tech industries use production processes and products that have not changed
for a long time. The plastic processing industry and parts of the chemical industry
are good examples of this relationship. So called low-technology industries thus
undergo innovation and adaptability processes, and these are the ultimate
conditions they must fulfil to remain competitive and stay in the market.

The role of materials and learning processes in low-technology
industries.

Low-technology industries are not merely characterized by their dependence on
technological developments in other parts of the industry. Just as important is the
way innovation is developed and knowledge is built up through experience and
learning processes in these industries. This, and the role played by embodied
technology transferred over the market in the form of new materials, are the main
determinants of the specific forms the innovation processes take in this part of the
industrial structure. These two factors, both crucial to low-technology industry,
mean that the innovation processes in these industries are not as manifest as they
are in other industries, where the importance of innovation can more easily be
accounted for in terms of R&D expenditures. When the innovation process takes
the form of a learning process, this means that the process can take place in many
parts of the firm, not only in the R&D department. The result is that the
identification of the innovation process here will require a complicated analytical
approach. The fact that technological change can be embodied in the form of (for
example) new materials means that a large part of the innovative effort in low-
technology industries consists of transforming embodied technology acquired over
the market into new products and processes. Thus the fact that the innovation
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processes do not show up in R&D expenditures does not mean that they do not
exist; only that these processes take another form, and that it therefore takes
different analytical approaches to detect them.

In this relationship between embodied technology and learning processes, which is
so characteristic of low-technology industries, materials play a central role for the
understanding of the innovation process; first, because materials are important
elements in embodied technological change. The development of new materials is
almost never the result of innovation processes in the user industries. Instead they
are developed in the raw materials industry and acquired over the market by the
user industry, where the new materials are adapted to the user industries and their
special needs.? This can however be complicated enough, especially in the many
cases where the adaptation of the new material can take place in the production
department — not unusually in trial-and-error processes. As a result, the adaptation
of new materials, which is an important part of the innovation process of many
low-technology industries, only shows up in the R&D statistics of the raw material
industries — despite the fact that it is the result of a complex interactive process
between the raw material industries and the user industries, where the experience
developed in the adaptation process in the user industry is of central importance to
the R&D processes in the raw materials industry.

In spite of the important role played by raw materials suppliers this indicates the
specific skills that are characteristic of low-technology industries, where the ability
to use and develop the properties inherent in the material in learning processes is
perhaps one of the most distinguishing features of the innovation processes. This
demands thorough knowledge of the material in use as well as the needs of the end
users and customers.

Learning processes thus emphasize the fact that technological development and
technological change are important competitive factors for low-technology
industries. The ability to transfer knowledge in embodied form is a central element
in the innovation processes of these industries. To be able to adopt new knowledge
and technology at all, the firm thus needs to have been through the learning
processes. Technology in the form of new materials and machines is the most
characteristic form in which embodied knowledge is transferred in low-technology
industries. This kind of technology transfer, even in the form of advanced
materials, can be also handled by small firms where the “practical man” plays a

central role in the organizational work.3

The pivotal role played by learning explains why industries in the OECD countries
can successfully compete with industries from low-wage countries. The latter

2 In this process the raw material producer has often played an important role in adapting the new
material to the specific user industries' needs. This is not a one-way process. Information from the
user about his needs can also be of importance to the innovative activity of the raw material
industry. This the market, ever since the development of the division of labour, has been
supplemented by the exchange of information that the traditional market based on prices could not
supply [11,12,13]

3 These are peop]e in a firm who, through learning by doing, have accumulated experience in

adapting materials and processes as well as products [14]
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countries are constantly in an unfavourable position because they lack a foundation
for their learning processes. Embodied technology is chatracteristically transferred
to these countries although they do not have a pre-existent industrial environment
or developed market; and this prevents the initiation of learning and development
processes that can foster the further development and adaptation of products. In
the OECD countries, by contrast, skills and qualities are constantly upgraded in
learning processes, and this makes it possible for the low-technology industries in
the these countries to keep ahead of their competitors in low-wage countries. This
is often a crucial difference in conditions between low-technology industries in the
OECD countries and those in low-wage countries.

Material adaptability in the plastics industry.

The plastics industry is one industry that is very dependent on material
development. It is representative of industries where embodied knowledge in the
form of new materials has played an important role in establishing new low-
technology firms. A new material was the basis for starting a whole industry in the
middle and last part of the nineteenth century. Embodied knowledge in the form of
new plastics was transferred from the raw material suppliers to the plastics
processors. This embodied knowledge in the form of new materials gave the
processors new product and design potential. Gradually, different forms of plastic
raw materials have been developed and have led to a very wide spectrum of
production possibilities with an ambition to more or less “tailor” the raw materials
to the property and design requirements of the product. This led to the growth of a
new low-tech plastic processing industry, strongly dependent on the R&D
resources of the raw material suppliers.

New materials will often come into conflict with existing experience in the
processing industries. Experience is developed in the interactions among tools,
materials and product design. In the plastic processing industry, skills and the
knowledge are therefore related, often tacitly, to the processing of specific kinds of
material. But this is only one part of the “lock-in” problems of using new materials.
Another is related to the production equipment. Both represent large capital
investments as well as experience resources within the firm and in its relations with
its end-user.

A study of the Danish plastics industry, with some examples, can give us an
understanding of dependence on materials for the development of new experience
and technology in the form of new products and processes.

In the last part of the nineteenth century and at the beginning of the twentieth
century, celluloid was the only material that existed in the plastics industry.
Experience in the industry was built up by using celluloid for fancy goods, collars,
combs, pencils and so on. Only raw film production could establish celluloid as a
more “serious” product. Celluloid was central to the production of feature films
and therefore to a new entertainment industry. The identification and use of the
material for this purpose required totally different kinds of experience and learning
processes, and, symptomatically, developed outside the plastic processing industry.

At the beginning of the twentieth century the production of a new material,

bakelite, was started up. Bakelite had a different field of application from celluloid.
Its primary market was industrial components, especially electrotechnical
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components. The difference in applicability and end-users was of great importance
to the way bakelite was introduced in Denmark. In Denmark it was not celluloid
processors who started manufacturing things in bakelite; it was entrepreneurs with
knowledge of the application area, primarily the electrotechnical industry, who
started up manufacturing based on bakelite material. The celluloid producer’s
experience and knowledge were restricted to celluloid and the products made out
of the material, and the two material fields had no connections or shared
experience.

At first bakelite was a substitute for porcelain in electric switches and other
products used in the expanding electrical equipment industry. This production
expanded in the thirties and on into the fifties [11,15]. In these transformation
processes there was a close relationship between the electrotechnical industries and
the development of the bakelite industry. Thus it was requirements in the user
industry that defined the development of the new material and the related
innovation processes. Consequently, the processing companies that had close
relations with these industries led developments rather than the processors with
backgrounds and experience in the old plastic materials.

After World War II a second material shift took place with the introduction of
thermoplastics. In Denmark it was originally firms with their material base in
bakelite and celluloid that started production in the new material. These pioneer
firms were not successful. Instead, it was people with no experience of industrial
practice who started and built up the plastics industry in Denmark; for example
people who started up production in chicken sheds, garages and old farms. The
point of departure for these ‘unskilled” entrepreneurs was that they were able to see
the possibilities of the new material because they were not constrained by the

experience of the old plastics industry.* They had no connections with traditional
users and were therefore able to build up relations with new groups of users.

At first they produced a lot of different products. As was the case with celluloid,
these were primarily fancy goods, but also buckets, toys etc. An important reason
for this product mix was that these products did not have a low tolerance threshold
like the technical products. So there were rich opportunities for trial-and-error and
as a consequence this was a good place for developing experience and learning
about the new processes and materials. And indeed to begin with they made a lot of
mistakes.

Slowly, as the new material developed and experience in the use of tools and
machinery was gained, specialization took place. This specialization changed the
core qualification in the plastics industry from plastic processing — that is, injection
moulding in general — to the processing of different products made from plastics.
This was a very important change in the development of the industry. This
specialization took place in the plastics industry in the sixties. It was no longer the
material, plastic itself, that was the focus of the experience, but the product and the
specific kind of plastic it required to ensure its specific properties. This
development took place in an interaction among processors, toolmakers and the

4 Few firms from the old plastics industry were able to change to thermoplastics - primarily firms
that had changed from having the material as their base for production to having the product as
the firm's identity.
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raw materials industries on the one hand and end-users on the other. One
important barrier for this specialization has been the ability to guarantee a
sufficiently large production volume to make the development of specialist
knowledge profitable. The specialization process thus took a long time and has not
proceeded at the same pace in every part of the plastics industry. Today the plastics
industry is therefore divided into a lot of different product groups, each with its
own specialized knowledge and learning processes.

The problem of changing the material base in low-technology industries can be
illustrated by some examples from the building industries. One example is the shift
from the traditional materials, concrete and metal, to plastics for the production of
sewage pipes. Manufacturers of concrete articles only produced sewage pipes as
one of a range of products associated with concrete. Their expertise was closely
connected with this specific material. In all cases it was impossible for them to
change their material base to plastics. Their industrial experience was too far from
the new material and its adaptability requirements. New plastics processors took
over the production of sewage pipes; at first as one product among others in
plastics processing, but even in this case, the specialization changed the structure of
the manufacturing process into a new specialization. Important elements in this
development were the relationship between users (processors) and the raw material
supplier on the one hand and the relationship between users and processors on the
other. In this way the processor was in a position in between the material supplier
and the end-user, able to make use of both the former’s knowledge of materials and
the latter’s experience of user needs. These developments and specialization
processes took two decades [16]. The process often started with the establishment
of a specific department within the firm. Later a specific firm was set up or the
specific part of the firm was sold.

Material adaptability in the metal packaging industry.

In the metal packaging industry, too, materials played and still play an important
role in the development processes. Characteristic of both the metal packaging
industry and the plastics processing industry are their close relations with both
supplier and end-user industries. Development in the metal packaging industry has
taken place in close association with the food industry; indeed the industrialization
of the food sector depended on the development of functional forms of packaging.
It would therefore be easy to reduce the emergence of metal packaging to a simple
demand-pull process. This impression is strengthened by the fact that the first,
dominant metal packaging, that is cans, were produced at the canneries [17,18]. In
the beginning it was primarily the army, the navy and scientific expeditions that
were the customers for the new product. The emergence of metal packaging was
also a consequence of deeper structural changes such as urbanization and the
development of wage labour [19].

The supplier industry, in this cases the iron and steel industry, was also a
prerequisite for the establishment of a metal packaging industry. A necessary
condition for the development of metal packaging was the development of a
material which was at the same time strong and easy to process and form. This was
first accomplished with the development of the hot roll method in 1730 and of the
Bessemer method in 1855-56 [20,21]. Thus the metal packaging industry was
dependent on embodied technology in the form of the development of more and
more sophisticated materials from the iron and steel industry. In these

14



circumstances it can be argued that there was a strong element of “science push” in
the establishment of the metal packaging industry.

In fact, much of the material development in this industry was the result of close
collaboration between the two industries. The packaging of the individual product
required the development of a specific, suitable material. Thus one can say that the
“tailoring” of products has been characteristic of the relationship between the metal
packaging industry and the iron and steel industry for almost a century [22]. One
consequence of this has been that large, essential parts of the innovation process in
metal packaging have taken place in the raw materials industry, even though
demand and adaptation processes in the metal packaging industry itself have been
of great importance to the specific innovative development of new materials. In
this sense one can say that the technological level of the metal packaging industry
has only been expressed by the R&D level of the iron and steel industry. This is
because large parts of the innovation process have only been registered as
innovation in the raw material industry, not in the metal packaging industry as such.
The technological level of the metal packaging industry has thus been systematically
underrated because neither its own contribution to the research nor the embodied
technology has been registered.

This dependence on the raw materials industry has also meant a loss of flexibility in
the metal packaging industry, since the learning processes have been restricted to
the specific raw material industry. As mentioned previously, the learning process is
closely tied to the processing of specific materials. These learning processes are a
source of both opportunities for and battiers to the development of the industry.
The opportunities can be exploited to the full as long as the firm sticks to a
material. However, if a firm changes its material base, the exploitation of the
properties of the new material requires new and different learning processes. The
adaptability process of the metal packaging industry was therefore constrained by
its material base. This inflexibility was in turn constrained by the fact that many of
the learning processes took place in the raw material industry and were transferred
as embodied knowledge or technology to the industry. As a consequence, new
materials and new products based on these materials were introduced by new firms,
not the old established firms in the packaging industry in Denmark.

The importance of materials is also expressed in the way the metal packaging
industry was established. In the beginning, the production of cans was part of the
canning industry. It was the users who produced their own cans. One reason for
this was that cans were not regarded simply as packaging but as an integrated part
of a new preservation process — that is, canning — and were therefore a natural part
of the food industry’s knowledge base. Another reason was the low volume at the
start, when canning was just a niche product. When the volume rose and new
canneries were established, there was a basis for specialization and the development
of the division of labour. This was a process that took place particularly in the last
part of the nineteenth century, when a separate can-producing industry grew up in
both Denmark and the rest of the western world.

In this way a specialized knowledge base was created, which could speed up the
technological development. Although some of these new firms had their origin in
the canning industry, it was firms with a basis in tin production that survived. This
again points to the importance of the material base as a prerequisite for learning
and for product development. Although the material base was one condition, it was
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not enough. Another characteristic of the development was specialization. The
firms that became dominant on the market were not just tin ware factories, but
specialized producers of cans. As with the plastics industry as it developed, material
knowledge alone was insufficient. More central to the learning process were the
relationships among the product, the properties required and the material.

Materials as a basis for innovation strategy in the Danish metal
packaging industry.

We will use some examples from the Danish metal packaging industry to bring out
the importance of different strategies for innovation and technological
development in low-technology industries. In the Danish metal packaging industry
we can identify both an innovation strategy and a strategy based on licensing.

In the case of the Danish tube industry, an innovation strategy was founded on
specialization and knowledge of specific materials. The firm Andersen & Bruun
built up an international business with a strategy based on incremental innovation
in relation to specific materials, in this case tin and lead. These materials had special
problems — tin was expensive and lead was toxic. Andersen & Bruun tried to solve
these problems with different design solutions and by introducing new machines.
The concept was to build up a complete technology system based on licensing,
where Andersen & Bruun supplied the machines together with the new products. It
was a strategy based on the company’s own innovations. The firm established
licensing production in 32 countries, and owned firms in Denmark and England.

The problem with this strategy was, however, that when aluminium was introduced
the problem was solved once and for all, and the basis for the incremental
innovation strategy disappeared, thus reducing the firm from a world-wide concern
to a strictly Danish company. The new material, aluminium, changed the material
base of the firm. Ironically, aluminium was a starting point for a new material base,
not for the production of tubes but for other packaging products such as bottle
cases and packaging for chocolates. In this product field it was possible for the firm
to make new innovations from the new material base. However, the era of
innovation in tube production was over. The focus mainly turned on the Danish
market and on the economization of production processes, as in much of the metal
packaging industry. New tube manufacturers, with experience of other product
fields, took over production. They had a new vision of production, namely
economization.

Licensing and innovation strategy.

Licensing has played an important role in the development of the metal packaging
industry; not only in the diffusion of new technologies and innovation, but also for
the innovation process itself. However, relatively little interest has been shown in
the importance of licensing in the innovation and learning process. Most of the
interest has focused on the legal side of the matter — that is, how to construct
licensing contracts that give the greatest protection to the innovator and licensor
and ensured returns for the innovator [23, 24]. Of course, the appropriation of the
benefits of innovation is not a matter of minor importance for the innovation
process.
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Indeed, the vast resources generated from licensing overseas were of tremendous
importance for the “Big Two” in the USA, American Can and Continental Can.
Both had licensing as a crucial part of their competitive strategy. Their international
licensing strategy was really an extension of their home market competition
strategy. This meant that they supported competitors in the different national
markets where they were licensed. In the case of Denmark, for instance, they
supported the two big rival firms: American Can licensed to Glud and Marstrand
and Continental Can licensed to Haustrup. The importance of licensing is also
shown by the fact that the different licensees of American Can joined forces in a
“European Can Association”. In this way they achieved a critical volume which
enabled the large American firms to continue their development strategy based on
innovation. The important role of licensing is also documented by the fact that it
was the very successful licensing strategy in Europe of Continental Can that
allowed the company to take over the role as the dominant producer and innovator
of metal cans from American Can in the late forties and at the beginning of the
fifties. Before this American Can had been the undisputed innovative leader |25,
20].

The importance of licensing as a strategy in metal packaging in Denmark is
supported by the growth of the tube producers Andersen and Bruun from a
national to a global firm. This national expansion was founded on a succession of
incremental innovations in both products and machines, which were licensed
together as a complete technological system [27]. These vast licensing activities
enabled the firm to establish its own R&D department and hence to continue its
incremental innovations for many decades.

According to the huge amount of literature on licensing, there can be many reasons
for this strategy [28, 29, 30]. A widespread theory of licensing is the stage theory —
that is, the theory that firms license when they are young and small and therefore
do not have the resources to enter new foreign markets. Another type of stage
theory argues that firms license at the end of a product cycle to squeeze the
remaining profits out of the old technology [28]. As we have seen, in the metal
packaging industry neither of these was the case. Here it was two very large firms
which saw licensing as a major instrument for developing their innovation
processes and therefore practiced this policy while developing the new technology.

In the case of the metal packaging industry the role played by licensing is basically
conditioned by the characteristics of the products of the industry. The most
characteristic feature of the metal packaging products is their low value in relation
to volume.> This makes it impossible to transport the product over even relatively
short distances. For example, the profitable export of tubes from the Copenhagen

5 This conspicuous characteristic, however, has far-reaching consequences, and for instance means
that there are severe limitations in the theory of comparative advantage - that is that
s , the theory
countries should concentrate on the production of products where access to factors of production is
easy and therefore relatively cheap, and should import products where access to production factors is
limited and therefore relatively expensive. In other words advanced countries like the OECD
countries should focus on high-technology products, and low-wage countries should concentrate on
low-technology products. This disproportion between volume and value is one explanation of the

existence of low-technology products like metal packaging in the OECD countries [14]

17



region is restricted to northern Germany and southern Finland. This basic fact
excluded exporting as a strategy in the metal packaging industry.

From a learning perspective, licensing can be seen as a convenient and easy way to
transfer and access new knowledge. Through licensing, whole technological systems
in the form of complete production systems and developed products can be
transferred. However, effective licensing requires that the licensee has developed
resources in the form of skilled workers, a developed marketing function that
provides access to the market, a smoothly functioning organization, and capital.
Often licensing will only be a part of a firm’s product mix or may simply be a new
way of producing a product which has already been developed. This type of
licensing has for example played an important role in the adaptation process of the
Danish metal packaging industry. Therefore, if the licensed technology is to be used
effectively, this new technology must be rooted in the firm’s own experience, which
is only possible if the firm has already undergone learning processes in the field.
Thus the firm will be sufficiently mature to take up the new technology. This was
the case for the Danish firms Glud and Marstrand, and Haustrup, which had
already been producing cans for decades before entering into a licensing agreement
with the American firms.

Licensing can also be regarded as the most extreme form of the embodiment of
knowledge, in the sense that the transfer of knowledge inherent in the technology is
formally and legally regulated. These legal regulations are there to protect the
licensor and thus to restrict the learning processes of the licensee, even if the latter
often tries to circumvent this. This means that the licensee often becomes
completely dependent on the licensor’s R&D activities instead of developing and
adapting its own technology. In this way licensing means, that the firm obtains easy
access to new technology at the price of impeding its own technological
development and flexibility.
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Conclusion

In spite of more than 20 years of focus on the importance of high-tech industries in
academic and political discussions, low-tech industries still have a dominant
position in the production structure of the OECD countries. This is expressed both
in terms of employment and in our investigation of turnover at different
technology levels in Danish industry. Our study of returns on investment also
shows that development over the last few years has been better in low-tech
industries than in high-tech ones. These very elementary facts have been totally
overlooked in contemporary innovation analyses and in technology policy. The
importance of low-tech firms in the OECD countries makes it evident that there
are important elements of innovation and technological change in low-tech
industries that cannot be analysed with the traditional instruments developed to
appraise technology development and competitiveness in high-tech industries.

First of all, material and learning processes play an important role in low-tech
industries. The traditional way of measuring the technological level in terms of
R&D expenditures makes no sense in relation to low-tech industries. In low-tech
industries new technology is often adopted and implemented in the embodied form
of new materials and new equipment, and in the form of licensing. These forms of
technological development do not create R&D expenditures in the firm. Instead
they draw on the firms’ own abilities to use learning processes to adapt new
materials or new technology to the firm’s product and market conditions. Not high
R&D expenditures, but low implementation costs, are therefore a measure of
success.

By analysing examples from the plastics and metal packaging industries we can see
that changes in materials, learning processes and licensing have played a central role
in the technological development of these low-tech industries. The learning
processes are based on experience of specific materials. Our study shows that it was
not possible for firms already established in a particular material trajectory, with
their point of departure in their own knowledge base, to adapt to new materials.
Instead, they have had to buy up other firms, or a new industry has grown up,
establishing its own learning processes and experience, where the point of
departure for the new firms has been that they were “unskilled” in the sense that
they lacked both experience of the new material and industrial experience in
general. This kind of accumulation of experience is, however, only possible at the
beginning, when the material is new. Less complicated products functioned in this
phase as a training field for gaining experience for the development of the industry.

One way to solve the problem of the dependence on a material trajectory has been
to buy up new firms which already have experience of using new materials. In this
way new material experience was transferred to the firm. This strategy has often
been used when a new material has been introduced in a new product field.
Another method has been licensing. This strategy has been used when the firm’s
production volume was not large enough to guarantee a profit that made it possible
for the firm to rely on its own R&D. The advantage of licensing is the easy transfer
of knowledge, while the disadvantage is a loss of flexibility. The firm is now not
only dependent on a material trajectory, but also on the licensor, since it lacks its
own R&D capacity to meet — for example — threats from new materials.
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Innovation and technology development in low-tech industries require adaptability
skills, the market knowledge that comes from closeness to the market, and learning
processes and experience related to the material and technology used in the firm.
New technology, and particularly new materials, play an important role in low-tech
industries. This is one of the most important explanations of why low-tech
industries still play an important role in most of the high-cost countries in the
OECD area.

20



References

[1] Hansen, Povl A. and Goran Serin: Lavteknologiske produkter og
innovationsprocesser  (Low-technology Products and innovation
processes), Forskningsrapport nr. 113, Institut for geografi og
internationale udviklingsstudier 1996.

[2] Porter, Michael E.: The Competitive Advantages of Nations, London and
Basingstock, The MacMillan Press Ltd, 1990.

[3] Maskell, Peter, et. al.. Competitiveness, Localized Learning and Regional
Development, Routledge 1998.

[4] Barsens Nyhedsmagasin no 2, 1999.

[5] Barsens Nyhedsmagasin no. 19. 1998.

[6] OECD: Classification of High-Technology Products and Industries, Paris
1995.

[7] Danmarks Statistik: Generel Erhvervsstatistik og Handel 1984 -1997.

[8] Danmarks Statistik: Generel Erhvervsstatistik 1998-99.

[9] Rosenberg, Nathan: Inside the Black Box; Cambridge U.K, Cambridge
University Press, 1982.

[10] Dahmén, Erik: Development Blocks in Industrial Economics, Scandinavian
Economic History Review & Economic History vol. XXXVI, no 1,
1988.

[11] Hansen, Povl A. and Goran Serin: Plast — fra galanterivarer til high tech.
Om innovationsudviklingen i plastindustrien (Plastics — from Fancy
Goods to High Tech. On the Development of Innovations in the Plastics
Industry) Doctoral Dissertation, Viborg, Akademisk Forlag 1989 (with
summary in English).

[12] Hansen Povl A and Gdran Serin: Fra nicheprodukt til masseproduktmarked
- innovationer, strukturudvikling 0g lokalisering i
metalemballageindustrien gennem to arhundreder (From niche product
to mass product market — innovations, structural development and
localization in the metal packaging industry over two centuries)
Forskningsrapport nr. 115, Roskilde Universitetscenter, Geografi 1997.

[13] Hansen, Povl A. and Goran Serin: Materials and strategies for successful
innovation and competition in the metal packaging industry, Technology
in Society 21, 1999 pp. 307-322.

[14] Hansen Povl A. and Goran Serin: Will Low Technology Products
Disappear? The Hidden Innovation Processes in Low Technology
Industries, Technological Forecasting and Social Change vol. 55 no 2
1997 p.179-91.

[15] Hansen Povl A. and Goran Serin: Material Development and the
Adaptability of Industrial Structure, Technological Forecasting and
Social Change vol. 46 no 2 1994.

[16] Madsen, Hardy: Plastanvendelse i dansk industri (The use of plastics in
Danish  Industry)  Forskningsrapport nr.  3-1991  Roskilde
Universitetcenter 1991.

[17] Collins, James H.: The Story of Canned Food (New York, E. P. Dutton &
Company, 1924

21



18] May, Earl Chapin: The Canning Clan, New York, The MacMillan Company
1937

[19] Boorstin Daniel: The Americans: The Democratic Experience, New York,
Vintage Books, 1974.

[20] Derry, T.K. and T.I. Williams: A Short History of Technology, London,
Oxford University Press, 1960.

[21] Bunch, B. and A. Hellemans: The Timetables of Technology, New York,
London, Toronto, Sydney, Tokyo and Singapore, Simon and Schuster,
1994

[22] McKie, James W.: Tin cans and tin plate, Cambridge, MA: Harvard
University Press, 1959.

[23] Shapiro, C.: Patent licensing and R&D rivalry, American Economic
Review, 75, 1985, p. 23-30.

[24] Macho--Stadler, I., Martinez-Giralt, X., and Perez-Castrillo, J.D.: The role
of information in licensing contract design, Research Policy, 25, 1996,
p. 43-54.

[25] Sawinskij, D.M. and Mason, W.H. (eds.): Encyclopedia of Global
Industries, New York, Gale Research 1996.

[26] Derdak, T.: International Directory of Company Histories, vol I, Chicago
and London, St. James Press, 1991.

[27] Bruun O.: Mit liv som opfinder (My life as inventor) Eget forlag (privately
published), 1981.

[28] Landman, Lawrence B.: International Licensing Strategy in Lyck, L. and
V.l. (eds.): Management, Technology and Human Resources in the
Arctic (the North), 85-102, Kluwer, Academic Publishers, 1996.

[29] Contractor, Farok J.: Licensing in International Strategy, Westport Conn.,
Quorum Books, 1985.

[30] Root, Franklin P.: Entry Strategies for International Markets, New York,
Lexington Books 1994.

22



RESEARCH PAPERS from the Department of Social

To obtain a copy:

The papers can be
downloaded free from the
following address:

http://www.ssc.ruc.dk/

Paper-ready copies can also
be obtained at a price of 40
DKK

Request and order for paper-
ready copies can be made to
the following address:

Secretary Janni Villadsen

Department of Social
Sciences

Roskilde University
P.O box 260

4000 Roskilde
Phone +45 4674 2597

Fax + 45 4674 3080

23

Science

Research Paper nr. 1/03

Lars Bohn & John Andersen

Det er de andre, der korer.
Beboernes holdninger til trafik og
levevilkar i Kgs. Enghave

Research Paper nr. 2/03

Jesper Jespersen
Ny-kenynesiansk og post-
keynesiansk teori - hvorfor to

adskilte verdener?

Research Paper nr. 3/03

John Andersen & Anne-Marie Tyroll
Beck

Lokalsamfundsempowerment - et
Kebenhavnsk casestudie

Research Paper nr. 4/03

David Etherington

Welfare  are reforms  local
government and the politics of social
inclusion:Lessons from Denmark’s
labour market and area regeneratin
programmes

Research Paper nr. 5/03
Assistant  Professor ~ Shahamak
Rezaei, Ph. D. & Consultant Lars
Hoeberg Nielsen, M.Sc.

Study on national employment
strategies towards migrants and
ethnic minorities (NatEmp-project)
Country Study Denmark

Research Paper nr. 6/03

Lise Lotte Hansen

Kvinder som en ressource for
fagbevagelsen - UNISON's
ligestillingsstrategi og det britiske
arbejdsmarked

Research Paper nr. 7/03
Bent Greve

The open method of co-
ordination - focussing on EU
employment strategy



Research Paper nr. 8/03

John Andersen & Gestur Hovgaard
Welfare and Urban planning in
transition — A Copenhegen Case Study

Research Paper nr. 9/03

John Andersen, Jorgen Elm Larsen, Ida
Schultz

Steder, fallesskaber og identiteter i
Kongens Enghave

Research Paper nr. 10/03

Bent Greve & Maj Rydbjerg
Cross-Border Commuting in the EU:
Obstacles and Barriets.

County Report: The Senderjylland-
Schleswig Region

Research Paper nr. 11/03

Bent Greve & Maj Rydbjerg
Cross-Border Commuting in the EU:
Obstacles and Barriers

Country Report: The QDresund Region

Research Paper nr. 1/04
Gerd Battrup
Senmoderne offentlig ret

Research Paper nr. 2/04

Catharina Juul Kristensen

Nir gode ideer udfordrers — om
aktivering i sidegaden

Research Paper nr. 3/04
John Andersen

Social exclusion and inclusion in the

Globalised City

Research Paper nr. 4/04

Jesper Jesperssen

Macroeconomic  Stability:  Sustainable

Development and Full Employment

Research Paper nr. 5/04
Dr. Tomas J. Lopez-Guzman
Environmental taxes in Spain

Research Paper nr. 6/04
Gunnar Gjelstrup

Pragmatisk evaluering af
kommunesammenlegningspro
cesser

Research Paper nr. 7/04
Bjorn Borre & Gunnar
Gjelstrup

Naxrdemokrati i metropolen
Kobenhavn

Research Paper nr. 8/04
Lars Bohn

Fremmedgorelse

Research Paper nr. 9/04
Poul Sveistrup

Levnedsleb og kommentarer
til hans syerskeundersogelse



