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1 INTRODUCTION 

Our view of politics, technology and social choice is one in which their clear sepa
ration is impossible. They are, rather, an entanglement: an inchoate mass. And, if 
inchoateness is the very essence of politics, technology and social choice, then to try to 
get to grips with them by making each of them choate (which ... is what current 
approaches set out to do) is inevitably to distance yourself from them. So, we begin, 
not by getting rid of the inchoate, but by analyzing it. Politics, technology and social 
choice, we observe, are all entangled because they all hinge crucially upon cognition: 
upon seeing and knowing. Michiel Schwarz and Michael Thompson, ippo: i 

Everyone seems to agree that technology is a subject of increasing importance. It is 
commonplace to argue that technology shapes the ways of modern life and changes the 
contours of our society. Some even contend that technology has its internal, unstop
pable dynamic and moulds society to fit its patterns. Within this so-called technological 
determinist perspective, social change is seen as something produced by technologies 
that have developed, so to speak, outside society. When the relationship between 
technology and society is interpreted in determinist terms, posing the question of the 
purpose or end of all the technological enterprises of the last half of the twentieth 
century (nuclear weapons, the pill, pesticides, television, space exploration, artificial 
intelligence, the Internet, and genetic engineering) becomes senseless and ridiculous. 
For better or worse, man becomes the slave of technology. 

Like most social scientists who study the technology-society relationship, we do not 
adhere to the image of technology as the driving force behind much of societal history. 
It is recognized that technologies not only shape society, but are also shaped by society. 
In this view, technologies result from a complex interplay between different types of 
actors, including technologists, consumers, firm managers and policy makers. Seeing 
technology as something that both produces and is produced by social change makes 
the question of how society can shape technological development a relevant one. 
Instead of being the slave to technology, is it possible to become the master of technol
ogy? Can we mobilize technology in such a way that it comes to agree with our social 
needs and political aims? In this book we will take up a policy science perspective on 
the social shaping of technology. This means that we are particularly interested in the 
question of how policy makers might influence techno-economic innovation. 
Consequently, the book's central question is: How can policy makers guide techno-

economic innovation into a democratically legitimate direction? 
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1.1 Why Wind Energy Innovation? 

This study presents a modest, enquiring attempt to find proper ways to address this 
question and to find appropriate means of meeting the challenge of the democratic 
guidance of techno-economic innovation. We will stick to one specific example which 
we will describe and analyze in great detail. Since this inquiry is about the political 
control of techno-economic innovation, we will focus on the role policy makers have 
played within the innovation process.1 Of all the possible techno-economic develop
ments one can choose to study, we selected the wind energy innovation process in both 
California and Denmark. 

It is clear that a comprehensive study on wind energy innovation in just two coun
tries cannot provide a complete answer to the above fundamental question. Neverthe
less, the study delivers some relevant insights and provides an opportunity to investigate 
some ideas about how policy makers could keep innovation processes in line with social 
and ecological needs. There are several good reasons why this particular research focus 
presents a good starting point for discussing the theme of democratic guidance of 
technology. The choice of wind energy innovation is related to the fact that govern
mental support is crucial for the development of the technology and the industry, and 
the fact that, both in California and Denmark, governments have actively encouraged 
the development of wind energy for most of the period under study. The selection of 
wind energy innovation is also inspired by the relatively simple nature of wind turbine 
technology2 and the survivable size of the wind power industry. The development of 
the modern wind industry makes the selection of California and Denmark almost self-
evident. California grew to dominate worldwide wind energy development during the 
early 1980s, and the boom in sales to California produced a thriving Danish wind 
turbine industry. About fifty percent of the fifteen thousand wind turbines installed in 
California were built by Danish firms, such as Micon, Bonus, Nordex, Vestas, and 
Danwin.3 However, what really makes the story of wind energy in California and 
Denmark interesting from a political perspective is the fact that a large variety of 
political, technical and economical strategies played a role. 

The two oil crises of the 1970s triggered a severe political controversy over the future 
of the energy supply system. The two oil shocks posed serious challenges to the energy 
and economic policies of all the industrialized nations, and prompted a debate on who 
and what was to blame and what kind of change was required. Some blamed utility and 
energy companies for the energy shortages and higher prices, others accused the 
government or environmentalists. The electric utility firms viewed nuclear power as 
their main answer to the 'oil supply crisis.' Their critics saw energy conservation as most 
important, and the use of renewable energy technologies such as wind turbines. Despite 
the resentment of the electric utility industry, over 15,000 wind turbines in California 
and 2,800 in Denmark have now been integrated into existing utility grids.4 By con
trast, the development of nuclear power has been curtailed in both states. It is clear that 
from the beginning wind turbine technology presented a politically charged artefact. In 
particular, it is interesting to compare the political nature of wind energy innovation in 
California and Denmark. There was a marked difference between the two. In Den
mark, groups of neighbours stimulated the decentralized, small-scale use and smooth 
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development of wind power, while futuristic-looking large-scale wind power plants - or 
wind farms - sprouted out like mushrooms on the California hills. These elements 
provide a number of politically interesting questions. Did public policies influence the 
way wind energy developed? If yes, how and to what extent did it control this develop
ment? How can we understand or explain the differences between the Californian and 
Danish developments in the field of wind energy? 

The way in which the wind energy industry developed in both countries also 
provides some fascinating puzzles. The first is that small wind turbine producers came 
to control the wind energy market. Initially, both large multinational corporations, as 
well as small and medium-sized firms, were active within the field of wind energy. 
While the former aimed at building multi-megawatt size wind turbines, smaller com
panies focused on making small and medium-sized machines. At the time that most of 
the larger companies retreated from the wind turbine business the smaller firms pro
duced thousands of 50 to 200 kilowatt turbines for the California market. In addition, 
while in California the wind industry was building wind power plants (so-called wind 
farms) and generating electricity with wind energy, a wind turbine manufacturing 
industry developed in Denmark. Supported by government subsidies in both states, a 
market for wind turbines was developed. Although the Californian market was much 
larger than the Danish one, only one American wind turbine manufacturer resulted 
from the effort of the Californian government in the early 1980s. To make it even 
worse, the only surviving company5 went bankrupt in May 1996. In contrast, the 
Danish incentive program seems to have led to a thriving wind turbine industry that in 
the 1990s produced more than half of the world market.6 

This leaves the reader with an intriguing question. How could the California market 
thrive without resulting in a successful American wind turbine industry and/or technol
ogy? It becomes even more puzzling when it is realized that "California is the science 
center of this planet."7 Modern physics is built upon the pioneering work at the 
University of California. Apollo, and the author's beloved microcomputer, all bear the 
'Made in California' stamp. Why is one of the most vibrant economies in the world, 
which holds the intellectual capacity to unravel the secrets of the atom, put a man on 
the moon, and invent a machine that beats the world's best chess player, not able to 
build a proper wind turbine? Moreover, how does it come about that Denmark - a 
country that "definitely qualifies for a place in the league of small nations of the 
world"8 - did succeed? 

With respect to the Danish and American approaches to technological development 
there also existed several remarkable differences. The Danish social scientists, Peter 
Karnoe (1991,1995, 1996) and the German historian Matthias Heymann (1995), have 
made it clear that the Danes and Americans initiated differenr ways of developing wind 
turbine technology. Danish firms started with a small, simple, and robust, wind turbine 
design, and then attempted to improve it gradually, based on practical experience and 
craftsmanship. The American approach was characterized by the pursuit of "more 
advanced technological designs, and it relied on and sought to develop more formal
ized, theoretically based knowledge." (Karn0e 1995: 244) 
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1.2 The Seemingly Seamless Innovation Web 

[A] research program that aims at contributing to a greater understanding of the social 
processes involved in technological development [should be] respecting the seamless 
web character of technology and society. Wiebe E. Bijker, Thomas P. Hughes and 

Trevor J. Pinch, 1987:10 

The above two authors argue that the difference in technical practices explains the 
'failure' of the American wind turbine companies and the 'success' of the Danish 
industry. Such an explanation smacks of technological determinism. In this book, a 
distinct and broader, or more holistic, perspective is chosen to study wind energy 
innovation. We promote the integrated inquiry into political, technical and economic 
aspects of innovation. This implies that techno-economic innovation has to be under
stood as a result of the interaction between policy making institutions, technological 
communities and the management of firms (cf. Grin and Van de Graaf 1996). Such a 
view takes the shine off Karnoe's and Heymann's conclusion that the rather simple 
technological design and the hands-on, practical, problem-solving approach of the 
Danes led to the 'success' of their wind turbine industry. Within the interactive systems 
view of innovation, there is no linear relationship between the knowledge strategy and 
the success of the industry since the success or failure of a technical approach is itself 
dependent on the success or failure of the industry. Innovative 'success' or 'failure' do 
not depend solely on technological development, but should be seen as the outcome of 
the complex interplay between technologists, managers, policy makers, and other 
relevant actors. Interdependence should be seen, therefore, as a natural starting point of 
every inquiry into the 'heterogeneous' process of technological innovation.9 

The multitude of interactions among the various dimensions of innovation have led 
several science, technology and society scholars to use the metaphor of a 'seamless weU 

of society and technology (Hughes 1986; Bijker et al. 1987, 1992). 'Seamless' denotes the 
idea that the interdependence of the various aspects of innovation is so strong that it no 
longer makes sense to make analytic distinctions between technical, social, economic, 
and political aspects (Bijker et al. 1987: 3). As Bijker (1993: 120) explains, "The web of 
modern society is not made up of distinct pieces of scientific, technical, social, cultural, 
and economic cloth; rather, whatever creases can be seen are made by the actors or by 
the analyst." He adds that one needs "to recognize that a successful engineer is not 
solely a technical wizard but an economic, political, and social one as well." {ibid.) 

The image of the seamless web is useful for conceiving the interdependence of the 
different aspects of innovation. But when one is interested in the political guidance of 
techno-economic innovation the metaphor becomes less useful. In that case, one would 
like to study the influence of the political process on techno-economic development 
and vice versa. Bijker's (1992: 95) suggestion to try to avoid altogether the categories of 
'society' and 'technology' would make such attempt impossible. Sweeping all aspects of 
innovation into a big heap carries the danger of disregarding the political character of 
innovation. As Horn (1994: 387) aptly comments, "[T]he weaving together of the social 
and the technical often works to displace the former by privileging the latter." In this 
study, we will try to articulate both interdependence as well as difference between the 
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various facets of innovation. For this, we will use the metaphor of games. We will 
depict the innovation process as an event in which three games — the technical, the 
political, and the market game — are played simultaneously. Each game is defined by a 
unique set of rules, styles of play, and intellectual and emotional demands on the 
players. But each game influences and is influenced by the other two games. We think 
if one is interested in the issue of the democratic guidance of techno-economic innova
tion it is fruitful to unravel the 'seamless' innovation web in such a way that it becomes 
clear that the various convictions and interests of social and techno-economic actors are 
different, but still form a 'seemingly seamless web.' 

The aim of this study is to analyze how the political game in the field of (wind) 
energy is played, how it is influenced by the technical and market games, and how it 
influences the innovation game. Focusing on the role of the policy makers does not 
imply that the policy maker is seen as the dominant actor within the development of 
wind energy technology and business. Firm managers, technologists, consumers, and 
many other actors, have done their bit. Some even lost their lives during the construc
tion, operation or maintenance of wind turbines (Gipe 1995: 364-365).IO The policy 
maker thus represents one of the main actors, equal among others. Each actor has a 
different perspective. The policy maker may look at a wind turbine as a means to 
produce clean electricity in order to stop the depletion of the ozone layer; the firm 
manager probably sees it as a product to make profit. Which perspective is best is 
irrelevant. But since the development of wind energy is examined from a policy science 
perspective we will primarily focus on the policy maker's roles. 

One might argue that policy makers play two interrelated roles. First, they demo
cratically legitimize wind energy innovation. Apart from acting as a political watchdog, 
interpreter, or advocate, they may also play a constructive or stimulating role in the 
development of wind energy technology and industry. To do this successfully, they 
have to take up a meta-perspective. This implies that they need an insight into the 
variety of different actors and perspectives that exist within the field of wind energy, 
and the way in which these actors and views interact, and promote or hinder joint 
action that would foster the achievement of the chosen political goal. The policy actor 
becomes a public manager of interdependence; the interdependence between the 
political and techno-economic system and the interdependence between the various 
actors within the field of wind energy. For example, with respect to wind energy 
innovation, the policy maker's role is to co-ordinate the action of scientists, engineers, 
wind turbine manufacturers and users in such a way that some correspondence comes 
to exist between the technology that is developed, produced, and used. In this study, we 
will examine the two roles, the way they interact, and the way they influence and are 
influenced by techno-economic developments. 

1.3 Outline of the Book 

The book consists of four Parts. In Part One " The Story of'Wind Energy'," a comprehen
sive description is given of the development of wind energy in both California (Chapter 
2) and Denmark (Chapter 3). The two case study descriptions demonstrate the dynamic 
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and often unpredictable character of innovation, and illustrate the heterogeneous 
nature of the involved actors. The two stories show how changes within one institu
tional dimension induce and are induced by changes within other dimensions. Since we 
are particularly interested in the political shaping of wind energy innovation, we will 
first examine the political process behind the development of wind energy before we 
study the political features of wind energy innovation in interaction with its technical 
and economic aspects. 

The politics of wind energy is described in Part Two " The Political Game." To 
analyze the Califomian and Danish political debate related to wind energy, a theoretical 
framework is developed in Chapter 4. Stimulated by the work of Sabatier and Jenkins-
Smith (1993), the policy making process is conceptualized in terms of interacting 
ideological coalitions, each consisting of policy actors who share a set of basic political 
beliefs that guide their behaviour. 

In Chapter 5, the policy analysis starts. First, the relevant ideological coalitions and 
their policy beliefs are determined. Next, it is studied how the various coalitions have 
interacted with each other, and how this affected their policy beliefs and influenced the 
public policy in the field of (wind) energy. In short, Chapter 5 deals with the following 
compound question: 

What were the politically significant ideological coalitions and their associated policy 
beliefs within the political debate related to wind energy innovation in California 
and Denmark, and how did the interaction between the various ideological coali
tions change their policy beliefs over the last two decades? 

The debates around energy policy in California and Denmark show remarkable similar
ities as well as differences. In Chapter 6, we examine whether the differences can be 
related to a difference in national political culture. A brief historical description of the 
national political cultures in the United States and Denmark is given. Next, the impact 
of the national political culture - which is not regarded as a single political culture, but 
as a mix of political traditions - on the interaction of the various ideological coalitions 
within the energy policy subsystem is studied. Chapter 6, therefore, deals with the next 
two questions: 

What political traditions constitute the national political culture in the United States 
and in Denmark? How does the mix of political traditions enable and constrain 
political learning processes within the energy subsystem? 

The thorough political analysis in Part Two allows us to investigate the interdepen
dence between the political game and technical and market games in an accurate and 
sophisticated way. This is done in Part Three ' The Innovation Game! To analyze the 
interactions between policy makers and other actors, such as consumers, technologists 
and firm managers, a theoretical framework is developed in Chapter 7. Inspired by the 
work of Callon et al. (1992), the notion of innovation network is introduced, which 
consists of a scientific, a technical, a production, consumption, and a political pole. 
Consequently, the innovation process will be analyzed in terms of interacting innova-
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tion networks, each populated by different types of innovation actors (policy makers, 

technologists, firm managers, and consumers) who are all guided by different (pro

fessional) frames of meaning. 

In Chapter 8, the relationship between national political and techno-economic 
traditions is studied historically. It is found that these different types of traditions rely 
on each other and, as such, have jointly developed into connected wholes, which are 
named national innovation traditions. This seems to imply that different ideological 
coalitions have different ideal types of innovation networks in mind. In this way, we 
hope to answer the next question: 

What kind of wind energy innovation networks do the various ideological coalitions 

in California and Denmark ideally promote? 

After having distinguished the various politically desired wind energy innovation 
networks in both countries, the dynamics and interaction of these networks is scruti
nized in Chapter 9. As we noted before, the success of a network depends on the 
capability of innovation actors to integrate or converge theit perspectives and interests. 
For establishing congruent meanings among the various innovation actors, a so-called 
joint innovation learning process is required. The central question in Chapter 9 is: 

How did the various politically desired wind energy innovation networks in Califor
nia and Denmark develop over the last two decades, and what role has joint innova
tion learning (or the lack thereof) played within those developments? 

In Part Four 'Conclusion,' we will look back on our analysis of the political guidance of 
wind energy innovation and see what this means for the general challenge of the 
democratic guidance of techno-economic innovation. In addition, we will look ahead 
and discuss the future of wind energy innovation in California and Denmark. In 
Chapter 10, we will summarize the comparative findings of our examination of the case 
studies. The central question will be: 

How can policy makers guide techno-economic innovation into a democratically 

legitimate direction? 

Finally in Chapter 11, we will speculate on the likely future of wind energy in California 
and Denmark on the basis of the theories and insights developed in this book. 

1.4 Methodological Approach 

I believe that, encapsulated within many everyday events - and, yes, possibly any 

event whatsoever — lies the essence of an entire century. Peter Hoeg, ipp6:2 

Another way of framing the above quote is 'there are no details, only essentials.' This 
basic principle has guided this research venture. Every occurrence, every situation, every 
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idea and perspective has been studied in its totality and (historical and cultural) context. 
Wind energy innovation is not only analyzed through its technical, managerial, and 
political constituents, but studied as a whole; as a 'seemingly seamless web'. 

In the course of the past five years, the research project has focused on reconstructing 
and revealing the dynamic of relations within the wind energy innovation process over 
the last two decades. In addition, the historical (techno-economic and political) context 
of wind energy innovation in Denmark and California has been examined. Studying 
broadly and deeply, and over a long period of time, the interaction and change of 
several aspects of wind energy that cover different professional disciplines, is a risky, 
uncommon venture that has to do without the guidance of an existing comprehensive 
theoretical framework which covers all the various facets. The qualitative case study 
research method that guided the inquiry resembles the grounded theory approach, a 
methodology that was originally developed by Glaser and Strauss (1967)." Theoretical 
concepts have been further developed on the basis of our case study research. In their 
turn, the improved 'sensitizing concepts' (Blumer 1969) enhanced the quality of the 
collection and analysis of data. Three principal cycles of data collection and analysis, 
reflection and verification can be distinguished in the research project. 

In the first round, the Advocacy Coalition Framework developed by Sabatier and 
Jenkins-Smith (1993),12 together with Fischer's method (1980, 1985) for the evaluation of 
policies, provide the theoretical concepts for organizing the research and collecting and 
analyzing the research material. In the first year, both California and Denmark have 
been visited, each for a couple of months. In this period some exploratory interviewing 
took place, but the dominant activity was to photocopy and acquire data: administra
tive documents, white papers, annual reports, proceedings of conferences on wind 
power, professional journals, media information, et cetera. These collected data were 
ordered within two preliminary case study descriptions. This first reconstruction of the 
wind energy story formed the basis for both evaluating and reformulating the initial 
research set up. 

In the second round, our theoretical perspective was sharpened by the work of two 
faculty members, Grin and Van de Graaf (1996), on the interplay between policy 
makers, corporate managers and technologists and the work done by Callon et al. 

(1992). The preliminary case descriptions and the elaborated theoretical view repre
sented the crucial preparation for the second two-month research period in both 
countries. In this second round, registered gaps in information were filled in through 
acquiring new data. Interviewing key actors from policy making institutions, techno
logical communities and the management of firms was the main task within this phase 
of the research project.13 Most key informants were discovered and selected on the basis 
of the proverbial 'snowball method.' Since the wind energy community in California 
and Denmark is fairly small this method works efficiently and effectively. The in-depth 
interviewing is not done in a prestructured manner. The interviews are not considered 
separately, but as inextricably bound up with the complete hermeneutic circle of 
interviews. This means that interviewees were regularly confronted with remarks of 
former informants, and vice versa, through personal correspondence afterwards. In this 
way, an effort was made to reveal the dynamic of relations in a consistent and control
lable fashion. 
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While the proof of the pudding is in the eating, the proof of the research is in the 
writing. In this elaborate third round, the content and structure of the case descriptions 
and the theoretical frames for analyzing policy change and the interaction between 
policy and techno-economic change took up their definite shape. In this last cycle, a lot 
of extra desk research was done on the political and techno-economic traditions of the 
United States of America and Denmark. We would like to invite the reader to join the 
research project and enter the fourth round. 




