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8 NATIONAL INNOVATION TRADITIONS 

From the brief discussion in the previous Chapter a long list of aspects flows which 
together defines national innovation traditions. 

First, a methodological aspect that relates to a scientific community's view on the 
preferred style of innovating. Innovation approaches may vary their emphasis on either 
theory or practice as a prime source of innovation. A distinction is made between the 
theory-based design-by-extrapolation approach to create new products and the practice-
based design-by-experience approach. 

Second, dominant managerial ideas about proper organizational or production 
structure, innovation strategy, and their orientation toward markets, were indicated as 
relevant parameters. 

Third, the influence of political ways of thinking upon national innovation styles 
was pointed out. These provide guidelines to deal with questions like: Who should 
guide the process of technological renewal, and to what purpose? Should science be 
autonomous? If not, should it be guided by elected politicians, by people at the local 
level, by small high-tech start-up firms, or by large corporations? The relationship 
between the technological, economic and political power is at stake here. 

In describing the American and Danish innovation traditions in the next two 
sections, the above list of technological, political, and managerial features will be treated 
in a more or less random manner. Based on the brief historical description of the 
various national innovation traditions, the final section will address the question of 
what type of innovation network the various ideological coalitions in California and 
Denmark would ideally prefer to promote. 

8.1 American Innovation Traditions 

At the beginning of the 19th century, a technical consciousness appeared in the United 
States that differed from the one that had already evolved in Europe (Ellul 1964: ch.i). 
Whereas the Europeans tended to mechanize simple operations, such as spinning, the 
Americans began by mechanizing complex operations, which eventually produced the 
assembly line.' Invention became a part of the normal course of life. As Giedion (1948) 
maintains, "Everyone invented. Every entrepreneur dreamed of more rapid and 
economical means of fabrication." (Quoted in Ellul 1964: 52) Technological innovation 
relied largely on mechanical skills, rather than on formal scientific research. Productiv
ity was enhanced in part through the development of the American system of manufac

turers for the production of light machines and other mechanical devices (Mowery and 
Rosenberg 1993: 31). 

Power industry's most famous pioneer, Thomas Edison (1847-1931) was such an 



196 WINDS OF CHANGE 

inventor-entrepreneur, who focused on inventing new technology to profit from it 
(Hughes 1989: 18-19). He formed several firms to organize his invention and the 
introduction of the lighting system: an R&D company, others for manufacturing 
components, and another to preside over the control of the system. Edison managed 
the whole process of technological change, from problem identification to innovation 
and technology transfer.2 Edison established the technological basis for the electrifica
tion of urban areas. In 1882, he initiated the world's first electrical power generating and 
distribution system in the heart of New York's downtown Pearl Street financial dis
trict.3 

In the 20th century, in-house industrial research came to supplant the inventor-
entrepreneur. As the American manufacturers became inspired by the theories and 
experiments of Frederick Taylor, and by the practices and ideology of Henry Ford 
(among others), mass-production systems came to typify much of U.S. manufacturing. 

8.1.1 The Corporate Innovation Tradition 

Henry Ford (1863-1947), who regarded his friend Edison as his role model, saw himself 
as a productive industrialist and relied heavily upon American faith in technological 
genius and industrial entrepreneurship {ibid. 293-294). He was fascinated by the idea of 
organizing production on a mammoth scale. The organization itself became seen as a 
machine and workers as parts ofthat machine. Frederick Winslow Taylor's (1856-1915) 
principles of scientific management provided the cornerstone for work design within 
such a mechanized organization. Taylor advocated five simple principles, which can be 
summarized as follows (Morgan 1986: 30): 

1 Shift all responsibility for the organization of work from the worker to the manager, 

managers should do all the thinking relating to the planning and design of work, 
leaving the workers with the task of implementation. 

2 Use scientific methods to determine the most efficient way of doing work; design the 
worker's task accordingly, specifying the precise way in which the work is to be done. 

3 Select the best person to perform the job thus designed. 

4 Train the worker to do the work efficiently. 
5 Monitor worker performance to ensure that appropriate work procedures are followed 

and that appropriate results are achieved. 

The effect of Taylor's system of management was enormous. For industrialists it offered 
the prospect of increasing productivity manifold. For the workplace it presented a 
danger, since it implied the replacement of skilled craftspeople by unskilled workers. As 
managers became seen as engine drivers, workers were reduced to automatons. Henry 
Ford passed lightly over the fact that for most people assembly-line work is simply 
boring or alienating. Instead, he was driven by democratic sentiment to mass-produced 
automobiles so that everyone might benefit from this luxury article (Ellul 1964: 211). 
According to Ford, standardization could be used to create social equality. Standardi
zation was thought to reduce prices. Consequently consumption would increase, 
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welfare would be more widely distributed, and living standards would be equalized. 
Ford explicitly recognized that "mass production meant mass consumption, a new 

system of the reproduction of labor power, a new politics of labor control and manage
ment, a new aesthetics and psychology, in short, a new kind of rationalized, modernist, 
and populist democratic society." (Harvey 1990:125-126) According to David Harvey 
(1990:125-126) in his brilliant book The Condition ofPostmodernity, this separates 
Fordism from Taylorism. Fordism symbolically started in 1914, when Henry Ford 
introduced his five-dollar, eight-hour day as recompense for workers manning the 
automated car-assembly line, he had established the year before at Dearborn, Michigan, 
to produce the Model T. By doubling wages to his famous 'five-dollar a day' Ford was 
able to stabilize the work situation and to persuade workers to accept the new produc
tion technology. 

At the same time, it was meant to provide workers with sufficient income and leisure 
time to consume the mass-produced products the corporations were about to turn out 
in ever-vaster quantities. Ford believed so strongly in corporate power that he increased 
wages with the onset of the Great Depression in the conviction that this would boost 
effective demand, revive the market, and restore business confidence. However, the 
crisis tendencies of capitalism proved too powerful for even the mighty Ford. "It took 
Theodor Roosevelt and the New Deal to try and save capitalism by doing through state 
intervention what Ford had tried to do alone." {ibid. n6-i2y) 

Along with the great corporations' demand for specialized skills, the number of 
technicians and salaried professionals multiplied. After the Civil War, the modern 
university had emerged in the United States.4 Besides growing in numbers, the profes
sorate acquired a lot of influence and prestige in and out of the classroom (Hofstadter 
1955:154). In line with a trend toward specialization and bureaucratization, the modern 
university promoted a division of labor between the university and the professions 
(Schön 1983: ch. 2). 

The latter were to give their practical problems to the university. Then scientists at 
the university or in separate R&D laboratories were to create the fundamental theory 
which professionals and technicians within corporations would apply to practice. 
"Thus were planted the seeds of the Positivist curriculum, typical of professional 
schools in American universities, and the roots of the now-familiar split between 
research and practice." {ibid. 37) 

Industrial research developed in parallel with academic research, and powerful 
linkages between the two existed. As noted before, federal antitrust policy contributed 
to industtial research investment by latge firms. Mowery and Rosenberg (1993: 34) 
observe that this policy "paradoxically may have aided the survival of these firms and 
the growth of a relatively stable, oligopolistic market structure in some U.S. manufac
turing industries." Among the manufacturers of turbine generators for the fledging 
electric power business, two stood out: the General Electric Company and the 
Westinghouse Electric Company (Hirsh 1989: 37). 

The growing number of engineering personnel accelerated the use of scientific 
knowledge and problem-solving techniques within the industry. Before 1940, however, 
the training of these engineers was often elementary in character. A look at the engi
neering community in the American electric utility showed that the scientific approach 
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to technological innovation was still in its infancy. The historian Richard F. Hirsh 
(1989: ch. 3) writes that the industry's rapid expansion during this period created a 
fertile environment for developing and introducing new technology. 

The utility managers wanted the technology to be reliable, efficient, and cheap. As a 
result of the demanding market, manufacturers developed their new machines using a 
so-called design-by-experience technique {ibid. 38). This meant that, based on the 
experience of their customers, manufacturers incrementally improved on their designs. 
Such an approach was necessary because sophisticated theory simply did not exist. 
Because engineers could not understand everything about their hardware and the 
environment in which it operated, they typically compensated by building in extra 
margins for error. "The practice led to machines that the literature described as having 
'generous' designs." {ibid. 39) Things changed after the Second World War. 

8.1.2 The Civilian Innovation Tradition 

The United States, once criticized as the creator of a crassly materialistic order of 
things, is today throwing its might into the task of keeping alive the spirit of Man and 
helping beat back from the frontiers of the free world everywhere the threats of force 
and of a new Dark Age which rise from the Communist nations. In defeating this 
barbarian violence moral values will count most, but they must be supported by an 
ample materials base. President Truman's Materials Policy Commission, 1952:1 

Paradoxically, the Manhattan Project's success in creating weapons of unprecedented 
destructive powet contributed to rosy post-war perceptions of the consttuctive 
possibilities of latge-scale science for the advance of societal welfare. David C. Movery 

and Nathan Rosenberg, 1Ç93 

The economist John Maynard Keynes (1883-1946) became the most famous advocate 
for using scientific managerial strategies and state powers to balance demand and supply 
in the economy, and thus stabilize capitalism. In 1940, Keynes reviewed the New Deal 
experience. Discontented, he concluded "It seems politically impossible for a capitalis
tic democracy to organize expenditure on the scale necessary to make the grand experi
ment that would prove my case — except in wat conditions."5 His words proved to be 
remarkably prophetic. 

There had been under peacetime conditions an immense weeping and wailing over 
the budgets of the Roosevelt Administration. During the war, however, it became hard 
for eithei capitalists or workers to refuse large-scale state planning as well as thorough 
rationalizations of the labor process, which improved efficiency at a time of all-out war 
effort (Harvey 1990:127). As a result, both the role of the government in determining 
the course of the economy as well as the use of Fordist production technology became 
widely accepted in America. Fordism became firmly connected with Keynesianism, and 
the capitalist planning welfare state was born {ibid. 131). 

The Second World War also created the dominance of the view of professional 
knowledge as the application of scientific theory and technique to practical problems. 
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In the war technologists drew upon scientific research as never before.6 The atomic 
bomb project, known as the Manhattan Project, yielded several major legacies. Its 
successful completion created a military-industrial complex. It also became the very 
symbol of the successful use of science-based technology for national ends. Its director, 
Vannevar Bush, became the main architect of America's post-war governmental 
approach to technology and science policy. Bush (1945) saw basic science as an Endless 

Frontier7 and the university as the organization providing the necessary autonomy for 
scientists to explore and conquer those untamed realms (Slaughter 1993: 278). Basic 
research was thought to bear fruits for all, and was seen as a non-partisan issue. As such, 
it captured a bipartisan consensus to expand science funding. Scientific knowledge 
would be used to create welfare and solve societal problems. 

In his 1953 Atoms for Peace address to the United Nations, President Eisenhower set 
in motion a greatly expanded civilian program for the development of nuclear power 
plants.8 In the mid-1950s, the Soviet launching of Sputnik evoked another effective 
national technology project: the Apollo Project to place an American on the moon 
within the next decade. On July 21, 1969, Neil Armstrong became the first human 
being to set foot on the moon. The space program once again strengthened the faith 
politicians had put in the American science community. Moreover, it reinforced the 
technological confidence of American engineers and scientists themselves. The act of 
'putting a man on the moon' became the new and ultimate symbol of success of the 
government-directed technology development based on fundamental science in 
combination with the normal engineering model. 

The post-war rise of the scientific approach at the expense of craft was also reflected 
in the change of technology strategy within the engineering community of the electric 
industry. The craft-based practice was abandoned after the Second World War, in favor 
of a science-based design-by-extrapolation approach {ibid. ch. 4). Instead of waiting for 
experience - learning-by-doing and learning-by-using (Rosenberg 1982) - to accrue 
while observing how earlier machines operated in the field, manufacturers made abrupt 
jumps in design to the next stage. A Westinghouse engineer noted that the company 
extrapolated "on the basis of calculations, model tests, and the belief that if a small step 
is ok, the next one would be ok." {ibid. 63) Since designers had new and more resistant 
materials, and computer-based design tools had come at hand, both manufacturers and 
utilities felt confident that forsaking the design-by-experience approach would still lead 
to successful technologies {ibid. 64). 

.1.3 The Crisis of Keynesianism and Fordism 

More generally, the period from 1965 to 1973 was one in which the inability of 
Fordism and Keynesianism to contain the inherent contradictions of capitalism 
became more and more apparent. On the surface, these difficulties could best be 
captured by one word: rigidity. David Harvey, ippo: 141-142 

Thus, during the postwar period, corporate managers began to take the supremacy of 
Fordism and technological progress for granted. Politicians also embraced Fordist mass 
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production technology and came to see scientific knowledge as a way to create wealth, 
achieve national goals, improve human life and solve social problems. Though science 
represented a force for progress, its methodology was thought to be incomprehensible 
for political and managerial forces. Serene R&D islands were trusted to come up with 
unpredictable but beneficial results. Both the survival of the corporations as well as state 
and public well being were regarded to be dependent on science, the source of progress 
and technological wonder. But at the same time scientific management and technical 
professionalism declared their triumph, the limitations of the rigid top-down approach 
to management and technology innovation had become visible. 

The detractors can be divided in two groups. The first wants to enlist government to 
achieve what it feels to be a fairer and more just society. The second is very suspicious of 
government. Within the first group, some focused on science and technology, and 
others criticized the role of large corporations. With respect to the latter, Ralph Nader 
stands out as the most important example. In 1965, he wrote the book Unsafe at Any 

Speed, on automobiles. The result was a great national demand for controls on car 
design, and the emergence of all kinds of consumer advocacy groups all around the 
country. The war in Vietnam prompted people within the scientific establishment itself 
to protest the misuse of scientific and technical knowledge, especially as it related to 
defense research at universities (ucs 1993). In 1969, a large group of students, scientists 
and engineers at the Massachusetts Institute of Technology (MIT) founded the Union 
of Concerned Scientists (ucs) that soon became one of the nation's foremost nonprofit 
organizations dedicated to advancing liable public policies in areas where technology 
plays a critical role. 

The Appropriate Technology (AT) movement did not regard government involve
ment as a step in the right direction. It did criticize the autonomous role of scientists in 
the development of technology. Its so-called w/^side emphasized the role of lay people 
in the formulation of technological needs and the insertion of values into the scientific 
process.9 Its hard side stressed the healing effect of the market, the need for applied and 
product-oriented research, and the use of more flexible production technologies. Both 
sides will be briefly discussed. 

8.1.4 The Communal Innovation Tradition 

By the end of the 1950s, private groups started to address the failings of the postwar aid 
efforts in Third World countries. In 1949, President Harry S. Truman had called for 
the United States to provide the technical assistance necessary to overcome the poverty 
of the underdeveloped world. The aid consisted of two parts: "the technical, scientific, 
and managerial knowledge necessary to economic development," and "production 
goods - machinery and equipment - and financial assistance in the creation of produc
tive enterprises" (Pursell 1993: 631). The so-called 'pre-industrial' countries were 
thought to lag behind. If only they would follow the same pattern of industrialization as 
the donor nations, development would automatically happen. (Reitsma and 
Kleinpenning 1991: 123) Thus, large factories, mechanized agriculture, the rapid exploi
tation of natural resources and good infrastructure were seen as critical. Often, such 
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efforts ignored or misunderstood local environments, both natural and cultural. As the 
awareness grew that the use of professional knowledge and super-technology could not 
really alleviate world poverty, it also was noticed that the engineering model was unable 
to solve the problems of modern industrial society itself. 

The soft side of the Appropriate Technology movement challenged the above hege
monic technocratic notion of technology, which was believed to be destructive of social 
and natural health. It was argued that industrial technology recognized no self-limiting 
principle - in terms, for instance, of size, speed, or violence (Schumacher 1973: ch. 5). A 
more reserved practicing of science was needed in which "thought, feeling and activity 
would form a unified whole" (Riedijk 1986: 82). The soft side favored a certain type of 
technology. For example, the Farrallons Institute at Point Reyes, California, defined 
appropriate technologies as those "that are: 1) cheap enough to be accessible to nearly 
everyone, 2) simple enough to be easily maintained and repaired, 3) suitable for small-
scale application, 4) compatible with man's needs for creativity, and 5) self-educative in 
environmental awareness." (Pursell 1993: 632) 

For developing 'technology with a human face,' a craftsmanlike epistemology of prac
tice, to cover the divide between theory and natural and cultural context, was promoted. 
The Appropriate Technology advocates have often been falsely accused of being anti-
technology. They neither were this, nor did they long for the primitive technology of 
bygone ages. Yet, they did wish for the old times of craftsmanship to return, when 
'expertise' implied knowledge and craft, creativity and art. They regretted the fact that 
the artistic craft was rapidly disappearing in favor of the positivist epistemology of 
practice, and argued that the latter was not able to deal with phenomena like "complex
ity, uncertainty, instability, uniqueness, and value-conflict". (Schön 1983: 39) 

Appropriate Technology proponents also claimed that the system of production by 
the masses was preferable to the capitalist mode of production. In line with Schumacher 
(1973: 163), they argued that, "The technology of mass production is inherently violent, 
ecologically damaging, self-defeating in terms of non-renewable resources, and stultify
ing for the human person". In the 1970s, private initiatives were soon followed by 
efforts of government at all levels to help develop appropriate technologies. The Office 
of Appropriate Technology was founded in California, and on the federal level the 
National Center for Appropriate Technology was initiated by President Carter. Within 
these governmental initiatives in particular the hard side of the Appropriate Technology 
movement could be discerned. 

8.1.5 The Entrepreneurial Innovation Tradition 

People ... want to contribute to the quality of life in their communities. They want to 
create a network of cooperating producers that can help their communities become 
more self-reliant, to recycle consumer dollars locally, and to shift to a greater use of 
locally available renewable resources. Ronald Reagan, ip/p'° 

Some sixty years after Taylor had published The principles of scientific management on 
how to order large-scale organizations, Ernst Schumacher (1973: ch. 2) also formulated 
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five principles which he believed would restore the balance between order and creative 
freedom within large-scale organizations. He proposed that large corporations should 
consist of many semi-autonomous units. So-called quasi-firms were to be given a large 
degree of freedom, "to give the greatest possible chance to creativity and 
entrepreneurship." {ibid. 261) Clearly, the management culture that big was beautiful 
had come under attack. 

In the postwar period American managers had become obsessed with huge size and 
mass production (Reich 1983). Economies of scale were evident in the automobile, 
shipbuilding, steel, petrochemical and rubber, and (consumer) electrical industries; the 
propulsive engines of economic growth after the war. Huge firms were thought to be 
technologically more progressive than small ones. They were able to set up large, 
specially equipped R&D laboratories generally unavailable to small firms. Moreover, 
they could afford the expertise and organization to make use of advances in technology 
that increased the optimum plant size. 

But in the late 1960s, problems became apparent "with the rigidity of long-term and 
large-scale fixed capital investments in mass-production systems that precluded much 
flexibility of design and presumed stable growth in invariant consumer markets" 
(Harvey 1990: 142). Some people began to notice that large-scale enterprises found it 
difficult to cope with the new individualized demand for variety. They pointed out 
that, besides economies of scale, there were also certain economies of small-scale 
production technologies. 

New technological developments boosted this view. In the field of energy, food, 
information, building, clothing, and manufacturing, advanced small-scale technologies 
were thought to have a strong decentralizing effect (Boes 1989: 69). California and 
Massachusetts represented states in which initiatives from new small and medium-sized 
technology-based firms, stimulated by federal R&D expenditures dating back to the 
Second World War, resulted in industrial growth areas now identified as Silicon Valley 
near Stanford University, and Route 128 near Harvard and M I T (cf. Lindsey 1988). In 
Europe the 'Third Italy'" served as a key example of an industrial region that was based 
on a flexible specialization economy - small scale, but technologically advanced, and 
highly productive. Within these districts, companies showed both competitive and 
cooperative behavior. Firms competed strongly for innovation in style and efficiency, 
while cooperating in administrative services, raw materials purchases, financing, and 
research. These networks of small firms thus combined low vertical integration and 
high horizontal integration. 

Among these firms, the high-growth small and medium-seized enterprises were 
characterized by having an aggressive growth strategy, being strongly market-oriented, 
being export-market oriented, being 'new product development' oriented, showing a 
willingness to seek external capital, being extensively externally networked, being 
strategic in outlook, and having a fairly broad enabling knowledge base (Rothwell and 
Dodgson 1993: 12). The willingness to seek external capital is an important feature, 
because it indicates that entrepreneurs following business objectives are willing to 
sacrifice autonomy and independence to achieve them. Other, less growth-oriented 
entrepreneurs, might value 'psychic income' - such as personal achievement and job 
satisfaction - more than the material rewards achieved from high growth {ibid. 13). 
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Piore and Sabel (1984) hypothesize that the flexible industrial districts represented 
the 'wave of the future' in the world economy, and signaled the end of Fordism. Harvey 
(1990:189) accounts that the authors saw "a parallel between the current conjuncture 
and the missed opportunity of the mid-i9th century, when large-scale and eventually 
monopoly capital ousted the small firm and the innumerable small-scale cooperative 
ventures that had the potential to solve the problem of industrial organization along 
decentralized and democratically controlled lines." 

Also, government-directed basic research was no longer celebrated, and the autonomy 
of the scientific community came to be viewed as unfeasible. Policy makers were criti
cized for the fact that they devoted minimal attention to the economic payoffs of public 
R&D investments. When in the early 1980s the economy was in a recession, "the ideas 
undergirding the semi-autonomous science establishment by including science among 
the state functions in need of privatization, deregulation, and commercialization" 
became contested (Slaughter 1993: 281). As part of its antistatist ideology, the Reagan 
Administration wanted to loosen the hold of the federal government on science and 
technology development. In addition, the relationship between university research and 
industry was strengthened to unleash entrepreneurial energy, thereby rejuvenating the 
economy. Business-university partnerships that had been initiated during the Nixon 
years expanded and National Science Foundation began to subsidize commercially 
relevant applied science. Thus a combined market-pull and technology-push approach 
replaced the earlier science-based, government-directed strategy. 

8.1.6 The Techno-Economic Roots of the Californian Ideological Coalitions 

The different approaches to innovation involve political, management and technologi
cal traditions. The different ideological coalitions, which represent different political 
traditions, have different opinions about which actors should be involved in the 
development of technology. In view of the concept of the innovation network, the 
techno-economic roots of the various California ideological coalitions, as described in 
Part Two, will be studied in this subsection (Figure 8-1 and 8-2). 

Harvey (1990: 124) adopts the view that "the long post-war boom, from 1945 to 1973, 
was built upon a certain set of labor control practices, technological mixes, consump
tion habits, and configurations of polirical-economic power, and that this configuration 
can reasonably be called Fordist-Keynesian." When he talks of a 'Fordist political 
consensus' (ibid. 167), it is clear that this embraces the liberal consensus between the 
corporate capitalist and public interest coalition that was described in the previous 
Chapter. However, by adding Fordist to the political consensus, the strong relationship 
between the concept of the Keynesian welfare state and the techno-economic power of 
large hierarchically organized corporations becomes evident.11 

This liberal consensus came to shape federal science policy (Williams 1961). A strong 
involvement of the government in technology development was advocated as a means 
to strengthen the liberal welfare state. Both politicians and corporate managers sup
ported a science-based strategy to facilitate technological progress. Although fundamen
tal research was seen as principally unmanageable, the liberal establishment trusted that 
scientists would come up with results anyhow.'3 
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Within this conception, there is a corporatist approach to setting goals of technology 
development, and the scientific community solves the 'technical' problem in a normal 
engineering fashion. In the terms introduced above, one could say that the liberal 
establishment advocated combined corporate/civilian innovation networks in which large 
corporations played a dominant role in the business pole and the technical pole, and in 
which the government invested a lot in basic science. This type of innovation network 
would foster economic growth and profits as well as heighten general welfare. 

This creed became tarnished within the public interest coalition during the second 
half of the 1960s. Pragmatic members maintained their belief in technological progress 
and corporate America. Its sectarian part started to stress that techno-economic innova
tion was not automatically in the public interest; scientific results could be misused, 
and the immense productivity of the United States was often realized at the expense of 
the environment and consumer safety. The sectarians promoted a more active role for 
the government to control technological development and regulate the market. In the 
search for solutions they became inspired by and often supported the views of the 
Appropriate Technology movement. 

The soft side of the Appropriate Technology movement promoted community-
directed technology development. This clearly is a perspective on innovation that 
matches the philosophy of the communitarian coalition. Science and technology are no 
longer seen as autonomous, but subordinate to local needs. A "self-help technology, or 
democratic or people's technology — a technology to which everybody can gain admit
tance and which is not reserved to those already rich and powerful," (Schumacher 1973: 
163) was promoted. Technology development becomes a political activity to empower 
people at the local level. Ideally, political, economic and technological aspects form a 
unified whole. 

The communitarian coalition derided the lack of democratic involvement within 
corporate/civilian innovation networks. The grassrooters abhorred the rigid hierarchy 
that existed within the American engineering community between theoretical and 
practical knowledge, and condemned the dehumanizing nature of mass production 
systems. Instead, they envisioned communal innovation networks that embodied a 
sociocratie way of designing technology based on the natural and cultural context of its 
utilization. 

With respect to the business pole of such a network, the Appropriate Technology 
movement's soft side pictured small entrepreneurs who pursued a steady business 
related to emancipation, democratization, and craftsmanship. The consumer is inter
preted in terms of the community. 

The hard side of the Appropriate Technology movement incorporated a vision on 
technological innovation that was clearly linked to libertarianism. It favored entrepre

neurial innovation networks. As with the views of the liberal establishment, the public 
was amorphous, but now captured by the 'market'. Large over-organized firms making 
cheap mass products were no longer the proper actors to fulfil the needs of the market. 
Instead, small-scale, high-tech adhocracies mastering flexible production technologies 
were regarded as the key players in renovating America's economy and technological 
capacity. 
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Innovation 

network pole 

Corporate innovation tradition Civilian innovation tradition 

Science Corporate R & D laboratories, and 

engineering departments 

Technics High-tech; Academic engineers 

Business Large corporations; Taylorist/Fordist 

mass production 

Consumer Mass consumption 

Political Corporate capitalist coalition 

General Large corporations have the proper 

technological resources to drive the 

process of technology change. They 

can also organize mass production, 

which enables mass consumption, and 

thus general welfare. 

Universities, national laboratories 

High-tech; Academic engineers 

In principle all types of firms; 

Taylorist/Fotdist mass production 

Public interest 

Public interest coalition 

Scientists and engineers drive the 

process of technology development. 

This can be guided in the interest of 

the general public by regulation of 

markets or national civilian R&D 

projects. 

F i g u r e 8-1 

The tecbno-economic roots of the American corporate capitalist and public interest coalition. 
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Figure 8-2 
The techno-economic roots of the American communitarian and libertarian coalition. 



2o6 WINDS OF CHANGE 

The libertarians argued that science had to accommodate industrial problems 
and industrial motivations, and saw speeding up the product innovation process as 
the key to economic prosperity. "[B]asic and applied science were no longer treated 
as dichotomous, but as complementary parts of a whole entity: the three-step innova
tion process." {ibid. 290) Basic science was the first step, development the second, 
and the third involved creating specific products. Not democratically elected politi
cians, but small innovative entrepreneurs were regarded as the designated actors to 
attribute meaning to the technology. Consequently, policy actors who follow a free-
market approach willingly give up their ability to come to grips with technological 
renewal. 

Three ideal types of American innovation traditions and/or related innovation 
networks have been distinguished. The forefront of the corporate and entrepreneurial 
innovation networks are similar, but differ with respect to the business pole. The 
libertarian coalition favors dynamic and innovative small and medium-sized firms over 
'stagnant' large firms, while the corporate capitalists argue the other way around, 
enlisting government when it protects corporate investments and markets, and stabi
lizes profits. Free-market libertarians do not want any government, 'with the exception 
of stop signs'. The communitarian coalition favored communal innovation networks in 
which appropriate technology was developed by local not-profit-oriented firms. 

In the post-war period, the public interest coalition relied on the power of corporate 
innovation networks. Basic science was supported, and markets were regulated and 
created. To indicate the heavy government involvement within the corporate innova
tion networks, the term corporate/civilian innovation network was coined. During the 
1970s, faith in corporate innovation crumbled. Sectarians within the public interest 
coalition came to support either an entrepreneurial or a communal innovation 
approach. While the public interest coalition is ambiguous with respect to the proper 
innovation approach, the other three ideological coalitions all have clear techno-
economic roots. 

8.2 Danish Innovation Traditions 

Records of the Danish industrial history, told after the traditional ideals of the English 

or American industrial revolutions, do not offer much material to enlighten our 

questions, apart from the fact that they all share the disappointment of a very slow 

process of which it is even difficult to decide on a proper take off period. Peer Hull 

Kristensen, 198c 

The Danish path to modernization is very different from the American one.14 In the last 
three decades of the 19th century, American railroads had brought the corporate form 
of organization that dominated the urban industrialization process. In this period, 
Copenhagen was also passing through a stage of ttansformation. In the early 1860s, the 
old guild barriers were eliminated by the state. At the end of the decade, industrial 
development started, creating a new dependent wage earning class. Newly founded 
Copenhagen banks'5 envisioned an American type of development in Denmark and 
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stimulated metgets and trusts. In rural Denmark, however, a different type of economic 
development was already underway. Here, the agricultural cooperative movement took 
the economic lead. 

8.2.1 The Cooperative Innovation Tradition 

Two years after the loss of Slesvig in 1864, the first coopetative supply association was 
set up. Only two decades later, the country had more than a hundred consumer 
cooperatives that provided the inputs local farmers needed for their households or for 
production. Producers' associations followed. In 1882, the first cooperative dairy was 
founded at Hjedding in West Jutland. By 1890 there were almost 700, and in 1914 more 
than 1,500, about one in every rural district. Other cooperative enterprises, e.g. slaugh
ter houses, were also established one after the other. In addition, a complex of regional 
and national enterprises was born, to organize international trade and deal with financ
ing. The agro-industrial complex was very successful in developing, producing, and 
marketing food products of a uniform, high standard. State-financed R&D work and 
quality control supported these efforts. Edquist and Lundvall (1993: 270) note that 
cooperative ownership stimulated the rapid diffusion of technological innovations. In 
addition, the farmer's self-organization effectively cut off the Copenhagen banks from 
gaining control over Denmark's economically most important sector; the agricultural 
sector. 

Political pressure from groups of local cooperatives resulted in the construction of a 
dense railroad network. When railway stations were build on unexplored land, a local 
center of cooperative firms rapidly emerged. Their activity attracted many craftsmen. 
The railroad towns offered ample opportunities for setting up small shops, working 
both as dealers and producers. These shops evolved step-by-step "into small manufac
turing firms that in the beginning worked as subcontractors in order to compensate for 
seasonal fluctuations and later on developed into specialized industrial enterprises 
reaching out for both national and international markets." (Kristensen 1989: 173) 

The decentralized structure of the rural production system resulted in a decentralized 
rural electricity production system. In 1891, Koge and Odense became the first two 
Danish cities to have so-called electrical lighting systems as introduced by Thomas 
Edison. Though in the following years electricity was introduced in other provincial 
towns, most developments in this field took place in Copenhagen, where technical 
expertise, legislative power, and capital all came together (Wistoft, Petersen, and 
Hansen 1991: 51). At the time, the electrification of small villages and dispersed farms 
looked like a Utopia, and the electrical revolution seemed to pass by the small cooper
ative firms in the railroad towns. The Grundtvigian physicist and teacher at the Askov 
folk high school, Poul Ia Cour, however, refused to throw in the towel. 

The 'Danish Edison' wanted "to establish the technological basis for electrification 
of the rural areas, securing the small associations their share in the blessings of the new 
electrical energy" (Rasmussen and 0ster 1990: 8). To implement decentralized electric
ity systems in 1903, La Cour initiated the Danish Wind Power Association (Dansk Vind 

Elektricitets Selskab, DVES). At Askov, DVES instructed rural electricians who assisted 



2o8 WINDS OF CHANGE 

farmers and cooperatives in setting up rural power stations. At the end of the First 
World War, the number of rural power plants was 418. Over a quarter was wind 
electricity system, while the remainder consisted mainly of small diesel-based electricity 
plants produced by the Danish firm, Thrige Titan, in Odense. 

8.2.2 The Flexible Innovation Tradition 

In the cities, the former guilds tried to maintain among themselves the old guild 
bondage through forming new types of associations, and at one very important point. 
From 1870 onwards, craft-associations in most of the larger towns initiated local 
technical schools, educating apprentices in matters of theory, technical drawing, 
calculus, etc. Both liberals and socialists, who were usually opposed to the guild system, 
supported this educational movement, and by the end of the century 120 technical 
schools had been established. Specialized technical colleges ( Teknikum) were set up, 
where skilled workers further educated themselves. This allowed teknikum engineers to 
compete with the emerging academic engineers from the Danish Technical University 
(Danmarks tekniske Hojskole, DtH) in obtaining managerial careers. 

Increasingly, the state came to sponsor these schools and to regulate apprentice 
contracts. The educational system was also strengthened by the fact that the unions in 
Denmark organized workers according to their craft. The institutional formation of 
craft education spread all over the country. By the 1930s, "craftsmen whether owners of 
small shops or firms, or skilled workers from cities as well as from small peripheral 
railway towns shared the feeling of, and de facto belonged to a common system of 
craftsmanship" (Kristensen 1989: 174). 

As a result, the social mobility of the Danish worker was relatively high and workers 
could easily move from one firm to the other. Skilled workers found themselves in the 
right place to build up contacts and knowledge to start their own small enterprise. Thus 
common values and a common work ethos came to exist among small entrepreneurs 
and craftsmen. The educational system of artisans also shaped the organization within 
big firms. 

At the turn of the century, the largest Danish firms produced ships, freezing equip
ment for ships, trains and wagons, and machinery for dairies and slaughterhouses. 
Although these large companies often tried to modernize in accordance with their 
American competitors, they eventually found their strength in producing small quan
tities of complex and often huge constructions. Instead of Fordist mass production 
plants, the organization of these companies came to consist of "a conglomerate of 
smaller craft shops, working together in a pattern similar to that of a building site" 
{ibid. 175). These workshops were run by foremen, recruited from the skilled workers, 
who often set up their own independent firms, ending up eventually as subcontractors 
for the larger ones where they had gained their experience and education. 

The craft ethos and flexible production in small batches have constantly been 
challenged by Taylorist organization principles. Especially after the war, many Danish 
managers tried to modernize their organization along the ideals of Fordism. Kristensen 
argues incisively that the reverse can also be said: the craft-organization challenged 
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Fordist management models. He reveals that at the end of the 1960s, many firms had 
already abandoned the Fordist mass production strategy to a search for market niches. 
Through the years, a wealth of small firms had kept dominating the face of the Danish 
production structure. From the mid-1970s, the average enterprise even started to 
decrease in size. Larger firms in the larger cities in eastern Denmark closed, while small 
enterprises in rural areas grew in number and in size. "Consequently, in the 1970s and 
1980s, traditional craft dominated industries as the iron and steel industries, and 
furniture industry, became of increasing importance to the Danish economy, reproduc
ing the structural conditions for the strength of craft principles in the work organi
zation at the micro level." {ibid. 184) 

The electric industry seems to provide an interesting example of how the craft ethos 
was preserved despite or maybe because of centralization. As has been described, the 
Danish electricity system consisted of several hundred small hydro and diesel stations. 
After the war, the initial structure rapidly evolved into a system of large central power 
stations. Both this process of technical centralization, as well as the concentration of 
administrative power, was justified by economic arguments, and widely supported 
within the Danish establishment. During the 1950s, the electric utility industry came to 
consist of two large power pools.16 The style of choosing and pushing technology in 
Denmark differed from the United States (cf. Hirsh 1989: 75-76). The Danish utilities 
had a tradition of designing and building power stations themselves. As a result of 
centralized planning, they were able to build several identical fossil-fuelled power 
plants, from which experience would be acquired and bugs worked out. Thus, within 
the engineering community of the Danish electric industry, also after the Second 
World War, the cautious design-by-experience approach to technological innovation 
was maintained. 

The national government and academic community challenged this attitude. 
Political concern about the future supply of fossil fuels inspired the foundation of a 
nuclear research center at Roskilde. In the establishment of Ris0 National Laboratory -
Denmark's largest sector-research institution - the internationally celebrated physicist, 
Niels Bohr, and the then Minister of Finance, Viggo Kampmann, played a vital part. 
Like other Social Democrats, Kampmann sensed that a new technological epoch was 
approaching, and novel means were needed to support the industrialization process in 
Denmark (Riso 1983). 

Ris0 was founded on the American model, with its strong emphasis on basic 
research. This made close contacts to universities a natural thing. In particular, the 
collaboration with the Danish Technical University became very active. Still, the 
relations with the electrical utilities were disappointing. For fear of getting involved 
with unproven technology and losing their technological independence, the utilities 
were not interested in nuclear power. When in the early 1970s, the utilities started to 
express their wish to build nuclear power plants, the relationship with Ris0 and the 
utilities improved dramatically. However, the anti-nuclear movement and the resulting 
change in public opinion became a traumatic experience for many of Riso's staff (Ris0 
1983: 27). In 1976, Ris0's mandate was broadened to include non-nuclear energy 
research and paid contract work. The institute successfully diversified its energy 
research, and greatly increased its contacts with the industry, amongst others the wind 
turbine industry. 
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.2.3 The Techno-Economic Roots of the Danish Ideological Coalitions 

The transformation of the Danish economy in the last quarter of the 19th century 
illustrates the importance of social movements and political visions. According to 
Edquist and Lundvall (1993: 293), "Grundtvig might be regarded as the most important 
single Danish innovator, as one who has put his marks on the modern Danish system of 
production and innovation". 

His ideas about self-reliance and the educational system he envisioned prepared the 
ground for the national movement toward farmers' cooperatives. The cooperative 
coalition advocated so-called cooperative innovation networks (Figure 8-3). It wanted to 
orient industrial policy "toward support for something akin to Schumacher's inter
mediate technology".17 The Danes expected small local firms and democratically 
organized cooperative enterprises to develop these appropriate technologies. Within the 
user pole, consumer cooperatives were thought to play an important role. 

Innovation 
network pole 

Cooperative innovation tradition Flexible innovation tradition 

Science 

Technics 

Business 

Consumer 

Political 

General descrip-

Not applicable 

Appropriate technology, local craft; 
skilled workers 

Collective and democratic forms of 
entrepreneurship; production based on 
Danish craft ethos 

Local community needs 

Cooperative coalition 

Technological innovation to maintain 
the right of cultural self-determination 

Universities, national laboratories 

Combination of craftsmanship and 
engineering knowledge; Academic 
engineers, teknikum engineers and 
skilled workers 

In principle all types of firms; flexible 
production system based on Fordism 
and Danish craft ethos 

Public interest 

Established coalition 

Technological progress to achieve 
economic growth and sustain the 
welfare society 

Figure 8-3 
The techno-economic roots of the Danish cooperative and established coalition. 

As Kristensen (1989) elegantly shows, the cooperatively organized agroindustrial 
complex had much wider implications for the Danish industrial structure. It obstructed 
concentrated ownership and financial control, as had developed in the United States, 
while it promoted the establishment of many small-scale firms in rural areas. The folk 
high school movement that inspired the farmers thus eventually reinforced the craft-
educational system that was set up by the old guilds in the formerly privileged cities. 

The craft-ethos also came to influence the production culture of the larger firms. 
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Post-war Fordism represented a threat to this work. Although the Social Democrats 
accepted the prospect of degradation of work content, they compensated workers in 
two ways: by collective agreements and wage increases, and through expanding the 
educational system {ibid. 179-181). Skilled wotkets in large numbers tried to become 
teknikum engineers, and unskilled laborers developed into semiskilled workers. In this 
way, the craft character of the workers and the production culture was reinforced. It is 
fair to say that the established coalition promoted the compromise between Fordism 
and the Danish craft ethos. This truce fostered so-called flexible innovation networks. In 
the technology pole of these netwotks both (academic and teknikum), engineers as well 
as skilled workers played a major role. 

This in contrast to the cotporate and entrepreneurial innovation networks in 
America. "Historically, the United States has lacked a system for training craftsmen, 
while possessing an abundance of higher skilled (white collar) and lower skilled or 
unskilled workers." (Ergas 1986: 27) While, in the United States, a large and unified 
market pushed manufacturers in pioneering mass production techniques which made 
little use of craft labor, Danish firms developed small batch, flexible production systems 
run by skilled workers. Similar to the public interest coalition in California, its Danish 
equal sees techno-economic progress as a way to sustain the welfare society. Moreover, 
the established coalition is also ambiguous with respect to the question of which firm 
size is conducive to techno-economic progress. 

8.3 Politically Desired Wind Energy Innovation Networks 

Combined with the case descriptions and the political analysis in Part Two, the 
material in this chapter suggests that several ideal types of politically desired wind 
energy innovation networks can be discerned in both the United States and Denmark. 

The liberal establishment wanted to develop wind power plants composed of 
numerous large-scale wind turbines that could contribute to the existing centralized 
electricity production system. The electric utility companies were regarded as the main 
future producers of wind power, and thus as the main consumers of large-scale wind 
turbines. With respect to the science and technical poles of the network, the liberal 
establishment put trust in expert knowledge that was thought to be available within 
national laboratories, universities and the R&D departments of large corporations. 
Finally, with regard to the business pole, large firms were assumed to be uniquely 
endowed to exploit innovative opportunities; large enterprises were seen as the engine 
of technological change.18 In line with the nomenclature used in this chapter, this 
innovation network could be called the civilian/corporate wind energy innovation 

network. 

The libettatian coalition challenged the monopoly power of utilities, and wanted 
small and medium-sized firms to take advantage of new small-scale alternative produc
tion technologies, like cogeneration and wind power plants, to get a foothold within 
the electricity production sector. In contrast to the liberal establishment, the libertarian 
coalition argued that the regulated utilities were risk averse and technologically conser
vative. The utilities were not seen as the appropriate consumers of renewable technol-
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ogy, but instead were thought to represent significant barriers to its widespread 
commercialization. Independent producers of power were regarded as the key actors 
within the user pole of the wind energy innovation network that the libertarians 
favored. Ideally, new technology-based, high-growth small and medium-sized firms 
would make renewables a competitive energy source.'9 The libertarians reckoned that 
university research laboratories provided a source of innovation-generating knowledge 
that these private wind turbine producers could use for commercial exploitation. The 
network that the libertarian coalition desired is named the entrepreneurial wind energy 

innovation network. 

The communitarian coalition saw wind turbines as a way to decentralize control over 
production of electricity. They expected farmers and small neighborhoods to use small 
wind turbines for the local production of wind power. This would increase local self-
reliance and reinforce community values. Preferably, local craftsmen within small, not-
profit-oriented firms would build turbines. The communitarian coalition preferred 
local innovation networks that will be named communal wind energy innovation net

works. 

In Denmark, the established coalition had similar ideas about the implementation of 
wind energy innovarion as the liberal establishment in California. Wind turbine parks 
would be owned and operated by utilities and were expected to be built by a consor
tium of large Danish firms. The knowledge for building large wind turbines was to be 
developed within the Riso National Laboratory in close cooperation with the Technical 
University of Denmark. In accordance with the terminology introduced in this Chap
ter, this politically desired network model is called the. flexible wind energy innovation 

network. 

Like the communitarian coalition in California, the Danish cooperative coalition 
also hoped for a network of local innovation networks to arrive. It fancied cooperative 
firms would produce these turbines, which would preferably be used by communities 
and/or consumer cooperatives. This ideal-type of network will be named cooperative 

wind energy innovation network. 


