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9 U N R A V E L I N G W I N D E N E R G Y I N N O V A T I O N 

For a successful technology, reality must take precedence over public relations, 

because Nature cannot be fooled. Richard Feynman, 19861 

The objective in this chapter is to describe the influence of public policy on the devel

opment of technology and industry in the field of wind energy in California and 

Denmark. This is a complex task, maybe too complex. But hopefully the analysis in the 

previous chapters will be sufficient to give the reader some useful insights. We have the 

benefit of hindsight and can build on the thoughtful views of many other commenta

tors and scholars. It should be stressed that the various actors under study could not 

possibly profit from these advantages. They had to base their actions on uncertain 

forecasts about technological, political and economic developments. 

This book can be seen as an attempt to examine the statics and dynamics of these 

processes. On the one hand, we follow Jacques Ellul's (1964: 60) assertion, "What else 

can history teach us? Only the vanity of believing we can impose our theories on 

history. Any philosophy which asserts that human experience repeats itself is ineffec

tual." On the other, policy belief systems were identified that were deeply rooted in 

national political-cultural history. These beliefs, that guide the actions of policy makers, 

encompass both an idealized past as well as a Utopian future. One could say that beliefs 

serve as evaluative structures both in a retrospective and a prospective1- manner. In 

addition, national techno-economic traditions operate as structures to evaluate techno-

economic achievements of the past, and to speculate on the success of future innovation 

approaches. 

The dynamics and statics of the policy formation process were described in Chapter 

5 and 6, respectively. In the previous chapter, we studied the statics of techno-economic 

developments. Long-standing relationships were uncovered between particular political 

and techno-economic traditions. The term innovation tradition indicated the unity of 

the various types of traditions. It encompasses the mutual dependency of techno-

economic and political cultures, that is, techno-economic traditions rely on the support 

of political traditions, and vice versa. To realize its political views, an ideological 

coalition has to support its desired innovation network, by seeking external and internal 

legitimization of its desired innovation approach. 

Chapter 8 also showed that various ideological coalitions have distinct ideal types of 

innovation networks in mind. Corporate capitalists, libertarians, and communitarian 

grassrooters preferred a corporate, entrepreneurial, and communal style of innovation, 

respectively. The public interest coalition was found to be ambivalent with respect to its 

preferred way of innovating. As yet, in the 1970s this coalition relied on the innovative 

power of large corporations. The established coalition in Denmark had somewhat 

similar ideas about wind energy innovation as the liberal establishment in the United 
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States. It wanted flexible innovation networks to develop wind energy. The ideal type 
of network for the cooperative coalition was the cooperative wind energy innovation 
network. 

In this chapter, the dynamics of innovation is scrutinized through investigating the 
interaction of policy makers with other types of innovation actors within innovation 
networks. As we saw, the success or failure of a certain innovation policy is related to 
choices made in other poles, and vice versa. Thus, to understand innovation and the 
way politics influences techno-economic development the object of analysis should be 
the whole network, which is defined as the complex interaction between the different 
actors in the various poles. Besides studying the relations policy makers have with other 
innovation actors within the same network, the interaction between the various innova
tion networks will be examined. 

In section 9.1, the American federal attempt to set up a corporate wind energy 
innovation network will be described, since it clearly influenced the policy measures 
proposed in both California and Denmark. In both states, similar efforts were being 
made to set up a corporate and flexible wind energy innovation network, respectively. 
Public policy did not exclusively aim at setting up these types of innovation networks. 

In California, a common sense approach was followed in which practically every 
innovative activity in the field of renewable energy was welcomed and stimulated. 
Besides promoting a corporate/civilian innovation network, communal and entrepre
neurial networks were also supported. The political view behind these two innovation 
styles disapproves of heavy government intervention. To indicate that policy was 
actually made to achieve these types of innovation networks, we should attach the label 
'civilian' to them. We will only do so if it makes sense for our analysis. 

In Denmark, grassroots activities encouraged the government to also support the 
creation of a cooperative wind energy innovation network. In sections 9.2 and 9.3, we 
will describe the different Californian and Danish experiences until the mid-1990s. 
Finally, in section 9.4, the wind energy innovation processes in both countries will be 
compared. 

9.1 The Federal Halfway Measures3 

In the United States, efforts were made on the federal level to set up a corporate wind 
energy innovation network. Within this network highly novel and sophisticated large-
scale wind turbines, developed using a design-by-extrapolation method, would be built 
by huge companies and used by electric utilities. It was assumed that only huge firms 
had the technical and managerial resources needed to participate in the Federal Wind 
Energy Program (FWEP) and privately develop and produce these turbines.4 It was also 
thought that only the first half of the network needed active support. Thus R&D 
stimulation presented the principal policy instrument for setting up the network. After 
the wind energy technology had been developed within the F W E P , huge companies 
were supposed to set up the second half of the network. 

In this section, we will describe how the FWEP was set up and received support from 
political actors at the federal level. We will study whether the large manufacturers and 
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electric utility companies acted upon the forecasted technological availability and 
economic feasibility of large wind turbines. 

9.1.1 Corpora te W i n d Energy Innovat ion 

Similar to the Manhattan and Apollo Projects - although much smaller in scale and of 
lesser political importance - the FWEP can be regarded as just another 'national project 
in civilian technology'.5 At the beginning the large-scale wind systems partly dominated 
the whole F W E P . Its mission was to develop large-scale, cost-efficient wind turbines 
that could be used as fuel savers within a utility-owned, high-tension, centralized 
electricity production system. Three events in particular determined the design of the 
program: the first Wind Energy Conversion System (WECS) workshop, NASA'S involve
ment, and the first oil crisis. 

The FWEP illustrated the gradual shift in federal policy from supporting basic 
science and the autonomy of scientists to promoting applied research in which business 
was supposed to play a major role.6 In terms of innovation networks, this change in 
technology policy meant a shift in accent from the science pole to the technical pole. 
This strategic shift was partly inspired by the idea that it was no longer the shortage of 
scientific knowledge but underutilization that presented the main bottleneck in techno-
economic progress. This attitude underpinned the first WECS workshop organized in 
1973 to determine research priorities for a new wind R&D program. 

Most of the engineers present showed faith in NASA'S expertise in aerodynamics and 
materials, and the current practice within the aircraft industry. Assuming a sufficient 
technological capability within NASA and American industry, it was commonly held 
that developing wind turbines presented no technological barriers. The name of the 
game was rapid economic utilization. The technological community tried to convince 
the political establishment that solar energy could swiftly be developed into a commer
cial technology. 

At the time, such a program had little prospects of receiving adequate funding, but, 
coincidentally, the ensuing oil crisis increased the perceived need for energy R&D. It 
was thought that the energy dilemma required strong government leadership and a 
massive technological effort. With respect to wind energy, the political establishment 
wanted viable, large-scale, wind turbines that would save barrels of oil within the next 

decade. The ready-made wind power program benefited instantly from this almost 
'instinctive' signal for help from politicians, who urged the technological community 
"to assume leadership in society," and wished it "Godspeed, more progress - and 
federal funding".7 Political pressure to come up with quick results neatly combined 
with the assessment of the manageability of a rapid development process. 

Thus, the federal wind power program presents a clear example of a breakthrough 
action that is related to the technical pole. To speed up the development, a design-by-
extrapolation approach was chosen. The FWEP started off with a 100-kW 'state-of-the-
art' wind turbine based on a supposedly proven technological concept. Next, design 
optimization computer codes and scaling laws would be applied to generate larger 
prototypes and eventually an economical megawatt-sized machine. Such an approach 
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emphasized "strictly disciplined dynamic modeling," and imposed a sequential, phased 
development program. 

The design-by-extrapolation approach corresponded with the fact that NASA was 
given the supervision over the program, NASA subcontracted mainly huge aerospace 
corporations that had already been active within the space program.9 As an offspring of 
the technological community that had successfully built the Apollo spacecrafts, these 
companies were thought to possess all the theoretical and technological know-how to 
make building a commercial wind turbine a simple engineering problem. The related 
involvement of aircraft engineers brought in the basic community values and goals of 
the engineering profession in America. Among its values was the enjoyment of using 
advanced technology that promised to push back previous barriers in order to improve 
performance (Constant 1980). 

The strong belief in the power of the American technological community prevented 
that much attention was given to the business and consumption poles of the preferred 
innovation network. In other words, policy makers showed little concern for the beliefs 
of industry and utility managers. It assumed that by determining the economically 
optimal configuration and size of wind turbines the FWEP would be able to come up 
with wind turbine technology that could be rapidly commercialized. Cost reduction 
was to be achieved through product innovation. Subcontractors that had the proper 
organizational and managerial capacity to set up assembly lines for the production of 
large multi-megawatt wind turbines would then be quite willing to put this new 
technology into production. With respect to the future usage of wind turbines, the 
federal policy makers simply trusted on the technological statesmanship10 of utility 
managers. In short, federal policy makers anticipated that the business and user poles of 
the corporate wind energy innovation network were already well developed. They 
speculated that once a proper wind turbine technology had been delivered, government 
involvement would no longer be needed. 

This raises the question of what the would-be manufacturers and users actually 
thought of the novel wind turbine technology. In the next subsection we take a short 
look at the actors that were expected to play a role within the production and user poles 
of the envisioned corporate wind energy innovation network. 

9.1.2 The Lack of Private Sector Involvement 

In times of recession, technological change and the search for new product lines and 
market-niches surge to the fore of corporate survival strategies. Judging by what a 
growing number of political energy scenarios were saying, large wind turbines seemed 
to provide a new high-potential product. Several firms became interested in wind 
energy. Some firms, Boeing, General Electric, and Westinghouse, took an easy ride by 
diverting federal money to cover their first R&D investments." Others, like the Bendix 
Corporation and the Hamilton Standard Company, were so confident about the 
market potential for wind turbines that they privately financed their research efforts. 

These corporations held that cost reduction is to be achieved mainly through the use 
of mass production technologies. Economic studies showed that mass-produced, 
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megawatt-sized wind turbines were capable of supplying wind power at costs competi
tive with conventional power sources. Its favorable economics would even spur on 
conservative utilities to use wind power as a fuel saver. As a result, wind turbines were 
expected to produce about ten percent of the nation's electricity use at the end of the 
century. This business scenario was based on a commonly held conviction within 
management circles that the development of technology was analogous to the biological 
life cycle (cf. Starr and Rudman 1973). 

The life cycle model distinguished four phases: a conceptual, a rapid growth, a 
consolidation, and a maturity phase. Along with the change of technologies, production 
structures were thought to "evolve from open-ended and unstructured processes toward 
rigid and elaborately structured processes."12 Each stage demanded distinct marketing 
and production skills. In the first stage, technology emerges and has to compete with 
existing technologies that provide the product. Entrepreneurs have to invest money in 
R&D so that the technology can move to the next, more profitable stage. In the next 
two phases the use of the technology grows exponentially. Managers must assure that 
"rapid innovation continues and benefits from lower production costs accrue to the 
company when advances in the technology make it a 'winner' in the marketplace due to 
its superiority over others" (Hirsh 1989: 187). Consumer products change from unstan-
dardized, low-volume items, to mass-produced, standard items. Finally, the technology 
and production processes reach their maturity. In this phase advances occur at a much 
lower pace. 

According to the life cycle model, early involvement in the new wind turbine market 
would give a company a competitive advantage for the years to come. Since it was 
commonly held that an adequate technical base to build wind turbines existed, it was 
expected that the conceptual phase could be passed through swiftly. This made early 
involvement even more important. 'Manufacturers' hoped that several utilities would 
be willing to serve as partners in risk taking. Early involvement of so-called lead users 

(Von Hippel 1976) was thought to be crucial in opening up the market to a scale that 
would justify setting up production lines. These firms stressed the need to "go out and 
'beat-the-bushes' to find people who really want to use it."13 

It was appreciated that the introduction of new energy technologies had historically 
required risk-sharing relationships between vendors and utility customers (Hirsh 1989). 
The utilities had grown accustomed to manufacturers providing turnkey contracts at 
fixed prices, and guarantees on the performance of installed systems. The government's 
role was mainly to counteract the risk aversion of the utilities by securing utilities 
against loss or damage,14 subsidizing the cost of new technology, and by allowing 
utilities to recover development costs in their rate settings (cf. March etal. 1982: 58). 

Federal policy makers and large corporations differed with respect to the proper role 
of government. Policy makers advocated a technology-push approach to encourage the 
development of technical capabilities in the field of wind energy. According to the large 
firms, the government's main role was to initiate vital user-producer relations between 
manufacturers and electric utilities. The federal government only backed the mission-
oriented R&D innovation strategy, and overlooked the market-oriented insights of the 
innovation actors within the production and user poles of the network. Several prob
lems resulted from this. 
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First, large corporations scolded the FWEP for neglecting to build large numbers of 
test turbines to rapidly select the best design and confirm the reliable operation of wind 
turbines, which was crucial for getting receptive utilities involved in wind power. 
Federal funding was more than sufficient to follow such a practice-based innovation 
strategy.15 Despite this clear criticism only a few very expensive high-tech prototypes 
were build that were at odds with the idea of creating cheap mass-produced turbines 
(Serchuk 1995: 87). After a few years, a new program manager was hired who was 
acquainted with the manufacturing principles of the automotive industry to counteract 
the high-tech influence of NASA. He later explained "I knew what volume production 
was, and that it wasn't going to come from the aerospace industry. ... I remember 
looking at the multi-hundred-dollar rivets that they were using on the blades of some of 
the early machines". This illustrates joint innovation learning. Namely, government 
executives came to appreciate the demands of corporate business managers, and accord
ingly tried to alter the risky R&D strategy. Nevertheless, the program was already in full 
swing and the struggle to integrate high-volume industrial principles within the techno
logical paradigm of the FWEP engineering community was like fighting a lost battle. 

Second, it soon turned out that the utilities were not keen on getting involved in 
unproven wind energy technology. They stressed the need for operating experience to 
increase confidence in reliability and choice of technology. Since technical reliability 
was not proven, and the above policy incentives were not available in the field of wind 
energy, "the [electric utility's] perceived risks of investment into wind turbines 
exceeded the potential benefits of a technically successful project". (March et al. 1982: 
62) The federal government did not act upon the utilities' unwillingness to play a role 
in the commercialization of large wind systems without good financial incentives. This 
impeded user-producer relations between potential wind turbine manufacturers and 
electric utilities. 

9.1.3 The Public Utilities Regulatory Policy (Breakthrough) Act 

More or less from out of the blue, the PURPA legislation was enacted as part of the 
National Energy Act of 1978. PURPA, together with the tax incentives available to 
cogenerators and other small power producers, provided significant financial incentives 
for investment in wind turbines. Utilities were specifically excluded from taking 
advantage of these incentives. This further dampened the utilities' interest in investing 
in wind turbines but created a clientele for large wind turbines that did not exist before. 
In this sense, PURPA can be seen as a breakthrough action related to the consumption 
pole of the network for large wind turbines. 

Third party power producers, like Windfarms Limited, showed their willingness to 
assist manufacturers in developing wind technology, and financed large wind projects 
that allowed manufacturers to set up production lines. In an unforeseen way, PURPA 
completed the establishment of the large wind turbine innovation network. 

For several reasons, potential manufacturers failed to act upon this. In the early 1980s 
there was a general loss of political support for renewable technologies at the federal 
level. Guided by a hands-off philosophy of government, the Reagan administration 
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slashed the FWEP'S budget. By arguing that the technology was proven, it defined the 
technical pole within the realm of the private sector, and thus forced industrial firms to 
invest in the development of wind turbines at their own risk. 

This did not happen, because the prototype testing demonstrated that the FWEP 
designs were not ready for production. In addition, the demonstration projects falsified 
the idea that the technology would be easy to develop. It turned out that the scientific 
knowledge that was used to model wind behavior and to predict wind turbine aerody
namics and sttuctural dynamics contained major errors. The idea that all the funda
mental knowledge was already available proved to be a fallacy. Large wind turbines had 
been 'optimized' by using incorrect engineering design codes. It became clear to the 
manufacturers that the scientific and technical poles of the corporate wind energy 
innovation network were underdeveloped. 

Finally, their market projections had been based on the assumption that oil prices 
would gradually increase through the years. Falling oil prices in the mid-1980s under
mined this theory, and made it implausible that for some medium long period wind 
turbines would be used as economic fuel savers. As wind energy technology was not 
perceived as a core-business, most large firms eventually stopped their development 
efforts. 

9.1.4 Looking Back on the Innovation Process 

The wind energy policy of the federal government has not resulted in the establishment 
of a large wind turbine innovation network in the United States. Policy makers were 
politically constrained to focus on the scientific and technical poles of the innovation 
network. An enhanced federal presence within the business and consumption poles of 
the network found little political support. It was commonly held that the establishment 
of the second part of the innovation network was to take place through private decision 
making. But oddly, the private sector's rationale for making decisions was disregarded. 
It was soon found out that the R&D strategy within the FWEP was incompatible with 
the idea of mass production. It also became evident that the conceived users, the 
utilities, were risk averse with respect to renewable energy investments. Since policy 
makers expected existing corporate structures to automatically adapt to the political 
demand for wind energy technology, they neglected the need for mutual innovation 
learning. 

Coincidentally, PURPA brought new opportunities to private sector initiatives. 
Wind farm developers tried to fill the gap between manufacturers and utility com
panies. But while these private enterprises were busy creating convergence between the 
business and consumption pole, the Reagan administration sharply decreased the 
support for the F W E P . The private sector was to take care of the commercialization 
process by itself. It failed because of lack of technology, government and business 
support. 
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9.2 California: Common Sense Wind Energy innovation 

It is common sense to take a method and try it. If it fails, admit it frankly and try 

another. But above all, try something. F.D. Roosevelt (1882-IÇ45), 1932 

It was California's alternative energy policy - the product of a progressive social and 

economic climate - that was instrumental in drawing the industty westwards. 

Although the budget of the state wind program has been minuscule compared with 

that of the Department of Energy in Washington D . C . , in its heyday its approach was 

so practical as to be almost visionary. Ros Davidson, ipSp 

In many American states, more than half of all government jobs is subject to patronage. 

In California, however, over 98 percent of all state employees hold merit appointments 

(Harvey 1985: 117). Nevertheless, the influence of the governor and his personal staff on 

policy is enormous. In no policy area did this become more apparent than in the field 

of energy during Jerry Brown's governorship. He first appointed Wilson Clark as his 

special aide for energy policy, established the Office of Appropriate Technology ( O A T ) 

in May 1976 as a part of the governor's Office of Planning and Research, and gradually 

appointed renewable energy advocates to the California Energy Commission ( C E C ) and 

the California Public Utilities Commission ( C P U C ) . Maybe more important , Brown's 

encouragement for new ideas in the field of energy really got people excited and 

attracted 'whiz kids, P h D progressive types' into government. T h e O A T and the CEC, 

which had recently been formed, became important vehicles for innovative ideas. 

T h e great surge of young, creative people into the Btown administration had the 

negative side effect that the everyday bureaucratic and business side of government was 

neglected. Jan Hamr in , at the t ime a young P h D herself, says: "Sometimes we were 

lucky we didn ' t mess things up worse because of lack of understanding of how business 

operates. I mean, I d idn ' t know anything about this and I was setting tax credit policy. I 

was writ ing it — you know — 'Well, what if we would just do that? T h a t sounds like a 

great idea! Put it in and get it passed!' I d idn ' t have a clue. ... A political cartoon in this 

morning 's Chronicle carried me back to those days (Figure 9-1). It has Yeltsin talking to 

Clinton at this UN meeting. Yeltsin says 'I haven't the faintest idea what I am doing. ' 

And Clinton says 'Neither do I. isn't it great!' T h a t is a lot of how it was under the 

Brown administration. I would ask my colleague 'Well, what will we do next?' H e 

would answer 'I don ' t know, just let us try something! '" '7 

With respect to the implementat ion of renewable energy, Brown pursued the type of 

pragmatic strategy F. D . Roosevelt had followed to form the New Deal. T h e California 

solar initiative was a chaos of opportunist ic experimentation. '8 In terms of innovation 

networks, not one sort of network was privileged, as was the case at the federal level, but 

various types of networks were more or less simultaneously supported: a corporate, an 

entrepreneurial, and a communal one. In this section, we will analyze the wind energy 

innovation game in terms of the evolution and interaction of these three networks (see 

Figure 9-2). 
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Mr. Yeltsin and Mr. C\'minr\ share a !at#h 
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The Christian Science Monitor 
LOB Angeles Times Syndicate . 

Figure 9-1 

Cartoon "Mr. Yeltsin and Mr. Clinton share a laugh." (Source: San Fransisco Chronicle 

October 25, 1995) 

Figure 9-2 graphically summarizes the history of wind energy innovation in California. 

An innovation networks is depicted by a box, in which the various poles of the innova

tion network are marked by their first letter: that is, S/T stands for Science/Technics; 

B for Business; C for Consumption; and, P for Politics. On top of every box the type of 

innovation network is written. It is also shown in which subsection(s) that innovation 

network is described. Figure 9-2 may be helpful to keep track of the complex analysis in 

this section. 

Subsection 9.2.1 describes how the CEC, out of dissatisfaction with the FWEP, set up 

or proposed a wind power program to stimulate a corporate innovation network, in 

hich large wind turbines would be developed for the California environment. In the 

year, the OAT became responsible for stimulating the residential use of small-scale 

d turbines. The effort to set up a communal wind energy innovation network is 

described in subsection 9.2.2. 

While public policy originally aimed at establishing a corporate and a communal 
wind energy innovation network, private initiatives by small and large firms, aroused by 
PURPA, encouraged Californian policy makers to pay attention to the entrepreneurial 
wind energy innovation approach. This is described in subsections 9.2.3 - 9.2.6. 

Subsection 9.2.7 explains how a lack of policy in the second half of the 1980s and the 
belief in rapid technological progress led the wind power industry to shift its focus from 
generating wind power to developing wind farms for electric utility companies. One 

w 
same 
win 



WINDS OF CHANGE 

Period Californian wind energy innovation networks 

Corporate 1 civilian WEIN Communal 1 civilian WEIN 

(§§9.1-9.2.1) (§ 9.2.2) 

I973-I982 
r n 
j S/T: FWEP & CEC WPP jS /T Rocky Flats Test 

Energy crises !B : Aerospace companies Station & O A T 

|C Windfarms Ltd, S C E , |B: Undercapitalized firms 

P G & E ; P U R P A |C: Local users; Energy tax 

|P: Pro-utiiity-involvement 1 credit, P U R P A 

alliance |P: Communitarian & 

L j 

Entrepreneurial 1 

L 
public interest coalition 

I982-I986 

Wind boom 

1986-1995 

Policy vacuum 

1995- now 

W i n d energy 

in jeopardy 

civilian WEIN (§§ 9.2.3-9.2.6) 

S/T WPRS (after 1985) 

B: USW, Danish firms 

C: Wind farmers, 

individual investors; 

Energy tax credit, 

P U R P A , I S 0 4 , W i n d 

Information Center 

P: Regulated 

competition alliance 

Corporate I entrepreneurial 

WEIN (§ 9.2.7) 

S/T: EPRi-Uti l i ty-usw, AWT 

Program; after 1990: 

AWT-program 

B: u s w , Zond, FloWind 

C: Electric utilities 

P: Sustainable grow-and-

build alliance 

BRPU-process 

in preparation" 

(Regulated competition 

alliance) 

Figure 9-2 
Wind energy innovation networks (WEIN) in California. The boxes represent different types 

of WEIN's. A dotted-lined box indicates that little market development took place in the 

related innovation network in the corresponding period. The various poles of the innovation 

networks are indicated by their first letter. Public policy instruments aimed at strengthening 

a particular pole are printed in bold. 
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may argue, in terms of innovation networks, that the concept of corporate wind energy 
innovation, as promoted in the 1970s, was revisited. 

The next subsection describes how the electric utility restructuring process killed this 
private development, and created a very uncertain future for wind energy in California. 

Finally, in subsection 9.2.9, we will look back on the wind energy innovation 

process. 

.2.1 Corpora te W i n d Energy Innovat ion 

The parallel development of wind-electric systems should be conducted in the same 

manner in which the nation in the past developed military systems to defend our 

national security. James Lerner and Mat Ginosar (CEC), ipj8 

In California, the C E c criticized FWEP'S risky development strategy. It proposed a wind 
power program with quite a number of turbines to explore the effectiveness of several 
variations in design detail.19 The simultaneous testing of different designs was intended 
to exploit the economies of mass production as soon as possible based on ample 
experience and dependable design. However, lack of political support from the Califor
nia Legislature impeded such an intensive broad-experience program. While wind 
power R&D was not regarded a proper state task, assessing the state's wind resources 
was. To inform potential users on proper wind sites, a Wind Resource Center was 
established. 

After the CEC technology-push approach had got into a blind alley, the consumer 
pole within the large wind turbine innovation network remained. The appropriate 
agency to encourage electric utilities to invest in wind energy was the C P U C . The CEC 
recommended the CPUc to impose wind power capacity quotas on the utilities (March 
etal. 1982: 84-85). Though the proposal was not adopted, the utilities themselves began 
to make wind power development plans. This was part of a larger shift in management 
strategy of the utilities caused by myriad events. 

The regulatory climate in California prohibited nuclear power and made it hard to 
use coal. The second oil crisis and the associated prospect of rising oil prices made the 
extensive future use of oil questionable. Combined, these events only left open the 
option of alternative energy sources. In addition, the fact that the utilities' nuclear 
plants were still not on line both created a need for new capacity and threatened their 
financial situation. The small scale and the modularity of renewables gave them short 
lead-times and greater flexibility; an argument that the EDF had stressed for years at 
CPUC rate hearings. Most important, PURPA allowed utilities to reduce their financial 
risk by contracting with outside developers to build and operate small-scale plants. As 
described above, some of them had put their faith in the development of giant wind 
turbines, and were playing a motor role in engendering the interests of large corpora
tions to move into the wind turbine business. The commitment of these firms strongly 
increased the trust of the utilities in the possibility that this technology might be 
aggressively developed within the coming decade. Last but not least, the CPUC was 
seriously urging utilities to purchase power from small producers. 
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Thus dramatic changes in the business environment made the California utilities 
receptive to the benefits of an alternative energy supply strategy as advocated by the 
pragmatic side of the public interest coalition (in particular, E D F , CEC and C P U C ) . 2 0 

This is a clear example of learning between policy makers and business managers. David 
Roe (1984) of the EDF'S energy program gives a full account of the whole mutual 
innovation learning process in his book, Dynamos and Virgins. The utilities had always 
seen conservation and solar as 'kid stuff that did not fit their grow-and-build strategy. 

In the early 1980s, the utilities began to realize the economic advantages in using 
such alternatives. This created congruency between policy makers and corporate 
managers concerning large wind turbines, and increased the interactions and conver
gence within the large wind turbine innovation network. Whereas the federal govern
ment failed to get the utilities interested in wind energy, the public interest coalition in 
California succeeded in matching the needs of utility actors within the consumption 
pole of the corporate network with their own political preferences. This is a clear 
example of joint innovation learning. As described above, lack of reliable technology 
arrested the further development of the network. Maybe the CEC wind power initiative 
could have made the technology work where the FWEP failed. 

9.2.2 Communal Solar Energy Innovation 

California policy makers became known for supporting the establishment of non-utiliry 
wind farms with medium-sized wind turbines. They thus became famous for setting up 
an entrepreneurial wind energy innovation network. The Brown administration's 
support for the development of large wind turbines is seldom praised or even recalled. 
The same goes for the effort of the OAT to encourage the use of small wind turbines. 

In many respects, the desired communal small wind turbine innovation network was 
opposite to the large wind turbine innovation network. With respect to the consump
tion pole of the communal network it was assumed that many people were looking for 
new alternatives to the high-energy world. Once people encountered these "common 
sense methods for reducing our dependence on non-renewable fossil fuel resources," 
the masses would start to build and buy decentralized energy systems. Ultimately, this 
would lead to energy self-reliance at the local level. Thus, a network of communal solar 
energy innovation networks was envisioned. 

Contrary to corporate innovation, science, technology and mass production were 
not regarded as key ingredients. Technology needed to be simple and production by 
small, local not-profit oriented firms was preferred.21 People's skills, labor, and commit
ment were the most basic resources of any communal network. After 1976, OAT pro
moted the establishment of communal solar energy networks. It favored 'implementa
tion through public participation,' and mass enlightenment was its final goal. To 
stimulate the revival of self-help ventures and cooperative community efforts, providing 
information on successful initiatives and managing demonstration projects were seen as 
the proper policy interventions. For example, the book, Common Sense Wind Energy 

(OAT 1982) provided an introduction to small-scale wind energy. 

Small wind energy systems did not receive as much private and governmental 
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support as other solar technologies. The most straightforward reason is that most homes 
and farms in California are located in low wind areas. Related to this, wind power had 
little tradition in California. Solar water heaters did. In the first decades of the century, 
solar water heaters had been a common sight in Southern California. This phenom
enon was temporary. As fossil fuel prices dropped, gas heaters became more economi
cal. 

At the end of the 1960s the interest in solar technologies revived. Backyard tinkerers 
and hobbyists started to experiment with solar heaters, and some of them started up 
small businesses to sell and install solar devices to heat water for domestic use and 
swimming pools. In 1978, approximately hundred equipment manufacturers and two 
hundred installers with solar experience were active in California. By the end of the 
decade more than thirteen thousand homes had solar water heating systems, and there 
were about fifty thousand solar heated swimming pools (CEC 1981: 11). 

The state government helped to strengthen and increase the coherence within this 
solar water heater innovation network. Its solar program tried to help the industry to 
move the technology beyond the "tinkering phase" through market stimulation.22 In 
1977, a 55 percent solar tax credit was introduced to strengthen the user pole of the 
network. To benefit from the tax reductions, potential consumers needed to have high 
tax bills and thus high incomes. This economic incentive made perfect sense because 
only wealthy people have swimming pools, and thus are the potential users of solar 
water heating systems. As a result, their sales annually doubled during the five years 
after its introduction. 

This was not solely caused by the solar tax credit. Between 1975 and 1978, twenty 
pieces of legislation were enacted to overcome various implementation barriers which 
were thought to slow the growth of solar energy use. To counteract consumer concerns 
over solar system reliability, a law was enacted to protect consumers from fraudulent 
businesses. The CEC also had a voluntary testing and certification program for flat-plate 
collectors, and was working with private industry on the labeling of solar systems that 
qualified for the state tax credit. Besides, several measures covered other pressing issues, 
like job training and financing. 

The OAT and the CEC promoted the idea to extend the tax credit to wind turbines. 
In 1978, the Legislature classified wind turbines as a solar technology, which made them 
eligible for the 55 percent tax credit. With respect to the solar water heater innovation 
network, the tax credit aimed to energize an existing innovation network. Strengthen
ing the consumption pole was expected to have a positive effect on every other network 
pole. The communal wind energy innovation network, however, was nonexistent. Thus 
the wind energy tax credit can be regarded as a breakthrough action, aimed at creating a 
market for residential wind turbines, so as to stimulate the production pole. 

In spite of the tax credit, the sales of small private wind turbines stayed low and most 
manufacturers sold only a handful of wind machines a year. Barely surviving, the small 
firms could not afford to improve their products. Consequently, wind turbines on the 
market reflected the technology from the 1930s but lacked the reliability and longevity 
of the old windchargers.23 
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9.2.3 Entrepreneurial Wind Energy Innovation 

First recognize that wind energy is an industry in its infancy. This has several impor
tant implications. There are few government regulations providing for consumer 
protection and public safety. Also, there are new companies and products being 
introduced as the market expands. Some of these may not be in business five years 
later. Finally, consistent with the American tradition of free enterprise, there are 
always some sales and promotion companies, who, knowingly or otherwise, tend to 
exaggerate what their products will do. All of these suggest that you, as the potential 
buyer, must be as informed as possible. Jack Park and John Obermeier, 1982:54 

The above shows that the small wind turbine innovation network could profit from 
policy instruments that were developed for implementing another type of solar technol
ogy that was close to commercialization. Similarly, wind farmers within the entrepre
neurial wind energy innovation network could eventually profit from the political 
impetus created by, in particular, developers of industrial cogeneration projects. 

As with the solar water heater industry, the independent cogeneration industry had 
flourished in California at the beginning of the 20th century, but had since dwindled to 
only a few projects. After the oil embargo, this changed dramatically. Already in 1976, 
the State Legislature enacted the Private Energy Producers Act (PEPA) to enable non-
utility power projects. This law was especially meant to allow the industry to set up 
cogeneration plants that would serve their own electrical and steam process needs, PEPA 
also allowed individual citizens to generate electricity for private consumption by using 
renewable technologies, like solar cells or wind turbines. Both technologies, however, 
were still very expensive. 

In the same year, the CPUC also began to direct the investor-owned utilities to 
pursue the development of cogeneration facilities. Cogeneration was thought to be 
attractive because of its associated fuel use efficiency, its ability to accelerate conversion 
from oil to cleaner gas-fired generation, and its potentially significant contribution to 
electricity supplies. Since utility managers questioned the reliability and economic 
feasibility of the renewables and cogeneration alternatives, they were slow to commit 
themselves to such projects, despite strong encouragement from policy makers. 

PURPA was not only in line with PEPA but even brought it a step further. Namely, 
besides allowing self-production, PURPA of 1978 required utilities to purchase excess 
power from renewable and cogeneration power plant operators at the utility's avoided 

cost- i.e., what it would otherwise cost the utility to provide the power itself, PURPA 
broke the utilities' monopoly on electricity generation, and together with the energy tax 
incentives, challenged entrepreneurs to become independent power producers by 
developing small-scale alternative power projects, like geothermal and cogeneration 
plants, that were on the verge of becoming competitive with conventional central 
power stations. Several entrepreneurs stepped into this business. 

Unexpectedly, in view of the immaturity of wind technology, some entrepreneurs 
began to anticipate making a profit out of setting up wind power plants. Some wind 
farm developers put their faith in the corporate wind energy innovation network to 
swiftly come up with cost-competitive megawatt-sized wind turbines. Most of the wind 
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farmers, however, became involved in the establishment of large arrays of medium-sized 
wind machines. In the early 1980s, the Brown administration actively encouraged the 
financial community to get involved in the development of wind farms. Financiers were 
informed about the state's excellent wind resources and about the possibility of financ
ing wind farms through selling investments in those projects to rich individuals, who 
could benefit from the attractive federal and state energy tax credit programs, and from 
the yearly revenues from the sale of wind power. 

It is worthwhile to give these events a moment's thought, because at this point in time a 
lot of development lines come together. The energy tax credit was originally meant to 
stimulate the use of solar water heaters. The state tax credit was then extended to wind 
energy to foster the sales of residential wind turbines. After the coincidental passage of 
PURPA, the policy makers in California began to use this policy instrument to involve 
the financial community in the wind farm business. They could also point at the 
abundant California wind resources that had been accurately assessed within the CEC 
W P P . Besides, a Wind Information Center was available to disseminate wind data to 
potential operators. 

While these public initiatives had little impact on the innovation networks the 
government intended to stimulate, they turned out to be very effective in stimulating 
the consumption pole of the entrepreneurial wind energy innovation network. Firms 
that were accustomed to finance land and condominiums extended their field of 
activity to setting up wind power plants. By promising high profits, these firms 
attracted the interest of up to 50,000 individual investors and raised two billion dollars 
for California's burgeoning wind power plants (Gipe 1995: 31). 

The money that poured into the business of building wind farms and generating 
electricity created a huge demand for medium-sized wind turbines. The new market 
situation motivated firms within the residential wind turbine business to shift their 
attention to developing and producing medium-sized turbines, and also attracted new 
firms to move into the business of building wind turbines. The joint result of the 
different policy interventions, most originally meant to stimulate the development of 
either a corporate or a communal innovation network, was an abrupt and strong rise in 
the convergence of the entrepreneurial wind energy innovation network. 

Increased cooperation within the network was based on the widespread expectation 
among individual investors, wind farm developers, and wind turbine manufacturers 
that proper wind turbine technology existed or could be easily developed. The lack of 
progress the decade before implied that a weak technology base existed for small wind 
turbines. Most firms considered that technology base inappropriate to base the develop
ment of medium-sized turbines on. Most of these engineering-based firms pursued 
similar turbine types as was done within the large wind turbine innovation network, 
and tried to push the 'state of the art' technology as far as they could in the direction of 
high-speed, light-weight wind turbine designs (Heymann 1995). Putting trust in engi
neering tools, like helicopter design codes, the American engineers felt able to solve any 
technical problem. Consequently, they pursued a design-by-extrapolation approach to 
rapidly upscale the size of their wind turbines. Such a development strategy was favored 
by wind farm developers, who strove for economies of scale within their wind projects. 
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Maybe more important, it also resulted from the fierce competition that existed 
between wind turbine producers. 

This competition was especially based on technological competence. Karnoe (1995: 
256) explains that American manufacturers "typically went for the breakthrough 
innovation, or at least a design that had radically changed features compared to existing 
technology, in order to give them a technology-based competitive edge in the market". 
The wind farmers stirred up this innovation process as they defined the needs of the 
market. Unfortunately, most of them had little knowledge about wind energy technol
ogy, and since reliable independent performance data of wind turbines were nonexis
tent, wind farmers more or less had to take the manufacturer's information for granted. 
This situation made the strategy of upscaling even more lucrative, because its short-
term commercial success seemed guaranteed. 

9.2.4 Destructive Creation 

The opposite turned out to be true for two main reasons. First, the constant introduc
tion of innovative, larger and supposedly more economic wind turbine types enabled 
wind farmers to squeeze other manufacturers by forcing them to sell their wind turbines 
below their original price. Thus, the same innovation process that was expected to 
increase profits in fact caused profits to decrease, which made the need to innovate even 
more pressing. 

Second, like their colleagues in the corporate wind energy innovation network, the 
scientific engineers within the small American firms proved to be wrong in using an 
aerospace design heuristic. Instead of stimulating a process of creative destruction - that 
is, a process in which superior new technologies continually displace existing technol
ogies — the market conditions in California in the early 1980s aroused a process that 
could be characterized as destructive creation — that is, a process in which poor new 
technologies continually displace existing unsatisfactory ones. 

Soon, wind farmers discovered that American turbines lacked reliability and showed 
poor performance within the California wind environment. Individual investors found 
out that investing in wind turbines was less profitable and more risky than their finan
cial advisers had led them to believe. Since the various actors within the network were 
not able to fulfil their promises to other innovation actors, the level of trust within the 
entrepreneurial innovation network declined. This decay of trust was strongly enforced 
by regular fraudulent practices and negative publicity from the conservative media that 
depicted wind farms as 'tax farms.' Lack of reliable information about both the condi
tion of the wind energy technology as well as the efficiency of the tax credit program 
played a crucial and dubious role. 

As we saw, in Denmark wind turbine owners informed each other about bad 
technology and fraudulent manufacturers because every owner benefited from this 
service. In California, access to credible information played a major role in the competi
tion between wind farmers. This caught competing wind farm developers in the firing 
line. On the one hand, they were eager to benefit from the experience of their competi
tors because it would make them buy proper wind turbines. On the other, they did not 
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want to give away information that would help their competitors in making the right 
investment decisions. 

Ever since the wind industry started its exponential growth in 1981, the CEC had 
recognized the need for reliable data on product performance. It wanted to tie the level 
of subsidy to energy production rather than to capital investment. This simple legisla
tive measure would have forced wind farm developers to make public their production 
data in older to receive the subsidy. Regardless, this obvious improvement was not 
implemented. To grasp this example of non-decision making it has to be placed within 
a whole circle of events. 

The poor design of the tax credits enabled theit abuse. In addition, lack of informa
tion made the real amount of tax abuse a matter of speculation. This generated 'bad 
press.' This problem signaled by the press was grist to Deukmejian's mill. Encouraged 
by the public mood that demanded a slowdown of state expenditures, the new Gov
ernor seized the opportunity to propose the abolition of the state wind energy tax credit 
program. He used the difficulties with the wind energy tax credit to expose the general 
problem of tax abuse. 

Deukmejian's smeat campaign against the energy tax credit defined the atmosphere 
of the political debate. Again, the lack of reliable information for evaluating the impact 
and abuse of the wind enetgy tax credit,24 enabled the Governor to do so. Proponents 
also suffered from a lack of data to document theit point of view. Nevertheless, biparti
san support thwarted the Governor's attempt to abolish the wind energy tax. The 
program was extended, but not improved. 

Political rhetoric had prevented a sophisticated debate on how to improve the tax 
credit program. Nobody was really pleased with this outcome. Hence poor tax credit 
design led to poor information about theit impact and abuse, which caused a specula
tive debate that left the poor design untouched. In short, power politics thwarted 
obvious policy measures like changing the energy investment tax credit into an energy 
production tax credit, publicizing production figures and setting up a test program for 
wind turbines. Since such policy interventions were ignored, the process of destructive 

creation was maintained by new ignorant and/or fraudulent developers. Thus, while the 
wind industry was clearly committing suicide, the lawmakets gave them a helping hand. 

The CEC wanted to break this vicious circle by asking the wind industry to volun
tarily report on the petformance of their installed machines. Its effort to set up a Wind 
Petformance Reporting System (WPRS) finally found support within the industry in 
1985, when already many American wind turbine manufacturers and developers had 
gone bankrupt. While the CEC tried to control market development, the CPUC instead 
added fuel to the flames by introducing the long-term 1S04 contract in October 1983. 
This initiative hastened this process of self-destruction and thus seemed the worst 
possible outcome. How to explain this remarkable policy intervention of the CPUC? 

It should be realized that the CPUC's policy of promoting renewables was realized 
only in the form of power purchase agreements. No explicit policy for wind energy 
existed, or for any other renewable energy technology. The CPUC wanted to let the 
market decide what type of technology would develop. Thompson explains, "We 
thought that we were doing enough by making the contracts available and financiable. 
That was the big push. We knew there was a huge wind industry potential in Califor-
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nia. We knew there was a lot of biomass and geothermal in California. ... We thought 
we were doing a great thing to promote the alternative energy industry."25 In other 
words, the C P U C was only interested in creating a market for renewables and 
cogeneration, and not with the other developments within any innovation network. It 
did not really care about the business of building wind turbines. It did not even care 
about the business of building power plants. It was interested in the business of generat
ing electricity. 

The CPUC'S general support for the independent power industry matched the 
regulated competition alliance's ambition to introduce a competitive element in the 
electricity production sector. The way this was done - the standard contract approach 
- was consistent with the idea of a regulated market. With respect to technology or 
industrial development a pure free-market approach was championed. Thus, the 
libertarian attitude of the C P U C implied a myopic view on innovation and explains 
why the IS04 contract was introduced despite the fact that this would have a cata
strophic effect on the American wind turbine industry. The Commission was not 
informed about that, and if it had been informed, it would not have been bothered 
because it did not intend to promote one specific type of technology and had faith in 
market forces. 

It can be concluded that the laissez-faire attitude of the CPUC and Governor 
Deukmejian clearly prevented a fruitful discussion about the introduction of public 
policy instruments that could have played a beneficial role in the efficient usage of 
public money for stimulating the development of wind energy technology and industry. 
In other words, instead of creating advantageous conditions for joint innovation 
learning among the actors within the entrepreneurial wind energy innovation network, 
public policy seemed to frustrate or prevent such learning. 

The fact that investor confidence in wind farms gradually declined, and project 
developers were losing their faith in American wind turbine technology meant that the 
entrepreneurial wind energy innovation network that had been created almost over
night was heading toward major disaster. The introduction of the 1S04 contract 
appeared to speed up this scenario. Still, this did not happen. Two strategies were 
contending within the market to escape the above destructive and mutually reinforcing 
processes: a strategy of vertical integration as developed and used by U.S. Windpower 
(see § 9.2.5) and a strategy of horizontal integration as introduced by the Danish wind 
turbine industry (see § 9.2.6). 

9.2.5 u.s. Windpower's Strategy of Vertical Integration 

U.S. Windpower is the only American producer of wind turbines that survived the 
California experience. In the early 1980s, this firm chose a business strategy of vertical 
integration that circumvented many of the market imperfections that troubled the wind 
energy business at the time. 

u . s . Windpower was founded in 1975 by two engineers who saw a business oppor
tunity in wind energy. The firm developed their turbines with internal financing. 
Nevertheless, their development work was, in an indirect way, stimulated by federal 
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R&D expenditures, since the firm built up its technological competence in close contact 
with a wind energy research group at the University of Massachusetts, which had close 
ties with experts at M I T in the field of aerodynamics and materials.26 Technology 
development was placed entirely in service of making profits and creating opportunities 
for growth. The firm became renowned for its ability to raise external capital to finance 
its aggressive growth strategy, setting up commercial wind farms that used hundreds of 
self-produced wind turbines. The knowledge gained in the field was fed back into the 
development process, and, in 1983, a solid wind turbine was developed.27 Strategy then 
shifted from product development to cost reduction via the mass production of a 
standardized design. The firm started to exploit its innovation efforts and focused on 
earning money by producing wind electricity. 

U.S. Windpower was thus active in both the technical, business and consumption 
pole of the entrepreneurial wind energy innovation network, and maintained close 
contacts with actors within the science pole. The firm succeeded in developing the 
various poles and enhancing their coherence. Due to its business strategy of vertical 

integration, the company in fact was an innovation network in itself, and was able to 
avoid many dependency problems that were afflicting other wind energy companies.28 

For example, while other wind farmers lacked reliable product information, U.S. 
Windpower knew the poor state of its initial turbines. Still, it did not have to compete 
with other producers. This isolated position tolerated a design-by-experience approach, 
while other manufacturers were forced to upscale their designs. U.S. Windpower's 
vertically integrated income circle, therefore, reduced the problem of raising the level of 
cooperation between different innovation network actors to the problem of increasing 
the spirit of partnership and trust between actors (general and R&D managers, and 
engineers) within one organization.29 In other words, U.S. Windpower's business 
strategy of independence created ideal conditions for joint innovation learning. 

The lack of solidarity between innovation actors within the same pole and across 
poles of the entrepreneurial innovation network made vertical integration a rational 
business strategy for survival. Exactly because of its independent position, U.S. 
Windpower was able to reap profits from a long-term contract. No wonder U.S. 
Windpower was the firm most active in lobbying the CPUC to introduce the i s04 
contract. 

9.2.6 The Danish Industry's Strategy of Horizontal Integration 

A second strategy appeared more or less out of the blue. The 'coincidental'30 entrance of 
Danish technology also saved that CPUC policy initiative, because it offered wind farm 
developers a way out of'the heap of American wind turbine technology rubbish.' By 
means of the DV statistics and the Ris0 certificate, the Danish producers could demon
strate the reliability and performance characteristics of their machines. Trustworthy and 
high performance data was just what the American machines were missing, and exactly 
what the 'serious' wind farm developers required. Hence the availability of a long-term 
power purchase contract was a clear stimulus for wind developers to select wind 
technology on the basis of its longevity and cost per kilowatt-hour. While trust in 
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American turbines declined, developers rapidly gained faith in Danish technology. 
Danish turbines were less infirm than the American ones, and their generous, conserva
tive, and more expensive designs stood the test of time several times better than the 
'advanced' lean and cheap American designs. While the influx of superior Danish 
technology saved a large part of the serious wind farm business, it was the final coup de 

grâce for the American wind turbine industry.31 

The availability of the IS04 contracts caused a shift in market conditions. The 
market was no longer exclusively based on tax credits, but more and more on energy 
production. Gaining a share of this market required a change from a gold-rush mental
ity to a more sober business perspective based on long-term continuity, lower profit 
expectations, and higher credibility. The 'tons of junk' that had been installed in the 
first years had given the wind industry a bad name and had lowered the interest of rich 
individuals to invest their money in 'tax farms.' In the 1970s, the lack of public and 
investor confidence in the electric power industry had given the option of wind power a 
chance. Ironically, decline in public trust was now threatening the influx of capital into 
the wind power industry. The presence of the IS04 contract enabled Danish manufac
turers to replace this loss of financial support. Based on their good reputation back 
home, credible figures and realistic profit expectations, they found Danish institutional 
lenders and investors prepared to put money into California wind farms, and Danish 
insurance companies willing to insure these ventures.32 

The tax credits and unlimited availability of financiable contracts, combined with 
the close cooperation between the American wind farm developers and Danish capital, 
technology and production capacity, sustained and changed the character of the 
California wind boom. From a technological and business point of view, most wind 
developers were not ready for this rapid growth; siting techniques, maintenance and 
operating strategies were still poorly developed. The frantic year-end construction 
schedules to qualify the installed wind turbines for that year's tax relief intensified the 
disorderly and environmentally destructive way of putting up wind farms. The prospec
tive end of the state and tax credit also stirred up this development. 

In April 1985, the CPUC suspended the IS04 contract. Within the one-and-a-half 
years that this contract had been available, wind developers had signed enough contracts 
to keep busy until the early 1990s. Withdrawal of the tax credits endangered the financial 
feasibility of such projects. The call for economics of government, and the success and 
abuse of the tax credits had substantially lowered their political support. Although fede
ral tax credits were publicly abolished at the end of 1985, behind the stage the wind devel
opers were successful in getting transitional rules written that allowed those developers 
who already had a signed contract and a project site to get the credit. Finally, the state 
energy tax credit expired at the end of 1986, and finished the California Wind Rush. 

9.2.7 Corporate Wind Energy Innovation Revisited 

The year 1986 represents a clear interlude in the regulatory environment for renewable 
energy technologies in California. The state energy tax credit is abolished and i s 0 4 
contracts no longer available. A policy review period follows in which it is decided that 
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in the future third-party power contracts should be allocated through bidding. 
Overcapacity within the electricity production sector enabled the CPUC to develop 
such a bidding process (the so-called BRPU process) at a very low pace. This bred a 
'policy vacuum' whose outcome was highly uncertain to the actors concerned. 

U.S. Windpower took a proactive stand and made a virtue out of necessity. It 
believed that by rapid technological innovation wind power could be made cost-
competitive with fossil fuel generated electricity, speculating that utilities would 
become interested in buying wind power stations, and began to see itself as the future 
supplier or vendor of wind power plants.33 This meant a clear break with the company's 
former strategy of vertical integration. Until then, the relationship between actors 
within the entrepreneurial network (in particular, the wind power industry) and actors 
within the corporate network (in particular, the utilities) had been adversarial. The 
smaller independent entrepreneurs had built and owned the wind projects, and sold 
power to the utilities under a contract. The latter felt that these contracts had been 
forced on them. 

In the new situation, the innovation activities of U.S. Windpower no longer under
mined the monopoly position of the utility industry, but instead came to support it. 
Theoretically spoken, U.S. Windpower positioned itself within the business pole of the 
corporate wind energy innovation network, which had not developed in the early 1980s. 
Now, U.S. Windpower took the private initiative to inject new life into this type of 
network. In return, the electric utilities supported u. s. Windpower in developing a 
cost-effective utility-grade wind machine. The idea to develop a breakthrough turbine 
was supported by the Variable Speed Wind Turbine Development Alliance, founded by 
the Electric Power Research Institute (EPRI) and joined by, amongst others, PG&E. 
The assistance of utility partners was necessary for financial and marketing reasons, and 
to appreciate what 'utility-grade' really indicated. Utility involvement boosted confi
dence in wind turbine technology in the early 1990s. 

From a policy perspective, the innovation activities of u. s. Windpower were helpful 
in realizing the ideas of the sustainable grow-and-build alliance. Its change in business 
strategy, therefore, serves as a very interesting example. During the wind boom, U.S. 
Windpower's strategy of vertical integration corresponded perfectly with the political 
ideas of the regulated competition alliance. It also fit the market conditions at the time 
that were shaped by powerful financial stimulation measures combined with a laissez-
faire attitude that left the usage of these policy instruments uncontrolled. After the 
wind boom, a policy vacuum emerged. Lack of public financial support for wind energy 
let u. s. Windpower opt for cooperation with investor-owned utilities. Interestingly, a 
temporary free-market approach to governance caused firms to adopt a business strategy 
that, if successful, would strengthen the political position of the corporate coalition. 
Thus the laissez-faire approach of the libertarian coalition was undermining itself. 

Meanwhile, worries about urban air pollution and global warming prompted 
government and utility actors to re-examine alternatives to coal and oil. Wind power 
received a lot of attention since this option was closest to becoming economically 
competitive. In the 1980s, current costs had dropped nearly an order of magnitude; at 
good sites it was estimated at about eight cents per kilowatt-hour (Schaefer 1989).34 It 
was held that few of the cost reductions could be traced to the improvement of wind 
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turbine technology, but stemmed "mainly from organizational learning, which involves 
standardizing procedures. At the factory, manufacturers learned mass-production 
techniques; in the field, workers learned to site machines more effectively and to 
schedule maintenance at times of low wind". (Weinberg 1990: 148-149) 

The past progress of California's wind farm developers, and the estimate that a lot of 
technological progress could still be made, caused EPRI and PG&E to argue that with 
"advanced airfoils, 'smart' electronic controls that adjust system-operating parameters 
based on wind characteristics, and continued development of advanced materials that 
yield lighter, stronger components," the cost of wind power could fall to 3.5 <t per 
kilowatt-hour during the next ten to twenty years. Inspired by the remarkable former 
economic progress of California's wind industry, and the projected economic advan
tages in the field of wind turbine technology, D O E launched the Advanced Wind 
Turbine (AWT) program in 1990 as an important part of the Federal wind program, 
which aimed to create a domestic wind turbine manufacturing base with multiple 
players (Lamarre 1992: 15). U.S. Windpower condemned the AWT program, which 
subsidized its competitors and undermined its dominance of the American wind power 
market." 

This firm had pursued a strategy based on the idea that no governmental support for 
renewables was to be expected. Now the federal government was intervening in the 
corporate innovation network U.S. Windpower was developing, the company began to 
stress that wind power did not need any governmental support at all. Its new, privately 
developed technology would push the price of wind power below the magic 5 <t per 
kilowatt-hour mark and make it cost-effective.36 This publicity campaign was intended 
to get utility business seriously interested in wind power and to keep politicians from 
supporting the wind industry. To keep up the appearance of competitiveness, U.S. 
Windpower even went so far as to oppose the 1.5 <t per kilowatt-hour production tax 
credit that was introduced in 1992 by the Bush Administration.37 

Other wind farm developers did favor government involvement, and were bowled 
over by u. s. Windpower's self-serving and arrogant statements.38 Nevertheless, they 
also looked upon U.S. Windpower's publicity campaign with envy. Provoked by u. s. 
Windpower, and attracted by renewed utility interest and government involvement, 
they became interested in the utility market for wind power plants and took up the 
challenge of making them cost-effective. To become competitive on the domestic 
utility market, wind farm developers understood they needed to have their own wind 
turbines. Stimulated by the AWT program, Zond stopped using Vestas turbines and 
began to develop and assemble turbines on its own. In close cooperation with R. 
Lynette & Associates, FloWind began to market the AWT-25. 

9.2.8 Wind Energy Innovation in Jeopardy 

Meanwhile, the C P U C had finally established the BRPU bidding rules. The public 
interest coalition had managed to get a renewable set-aside of about 300 megawatts of 
the new power for bidding by renewable technologies only. In this respect, the BRPU 
was expected to create an appropriate initial market for the new advanced wind turbine 
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designs. The BRPU policy was in line with the ideas of the regulated competition alliance 

and stimulated independent wind power development. However, such policy was at 
odds with the development toward utility-owned wind power stations. In other words, 
the political actions taken were contrary to the actual innovation activities taking place 
within the corporate wind energy innovation network. Instead, the BRPU process 
promoted wind developers to move on independently from the utilities. It gave entre
preneurial innovation a new chance, and seemed to offer wind farmers a very luxurious 
position. 

The flirtation with the utilities had caused them to control both the development of 
wind projects as well as the production of wind turbines. The BRPU stimulated the 
strategy of vertical integration that U.S. Windpower had already left behind in the mid-
1980s. The outcome of the bidding process was a resounding defeat for the regulated 
utilities, and seemed to really re-open the possibility of independent wind power 
production. Things, however, turned out differently. The outcome was genuinely 
offensive to the investor-owned utilities and regenerated the ancient adversarial rela
tionship between the utilities and the wind power industry. This undermined cooper
ation between these two innovation actors within the corporate network. Moreover, 
SCE and SDG&E challenged the BRPU procedures, and forced the C P U C , via FERC, to 

cancel the power contracts. This was a blow to the ambition to set up wind farms 
independent from the electric utility companies. 

Meanwhile the restructuring debate had become very active, precipitated by the high 
price of electricity, and more fundamentally, by the gas industry. Over the last decade, 
the independent power industry, in particular cogeneration plant developers, had 
become an integrated part of the overall economy of California. Being connected to 
small, entrepreneurial companies side-by-side with major industrial concerns (e.g., food 
processors, paper mills, chemical manufacturers, and oil production and refining 
companies) and present in every legislative district, the independent power industry 
had gathered a lot of bi-partisan support. In addition, the natural gas industry felt 
strong enough to compete head to head with the investor-owned utilities. Despite all 
the rhetoric about the cost-competitiveness of wind power, the wind industry was not 
able to compete heads-on with the utilities. Wind farmers needed green pricing or a 
renewable set-aside to continue their business. 

As the independent power industry reached its maturation a difference of interest 
between the large competitive gas industry and the small renewable energy industry 
became apparent. In the past, the independent power industry had always formed a 
united front. The marketing director of Zond explains, "The utilities would be just 
smiling as we were fighting against each other. They would play us off against each 
other, and we would both lose. So, the gas and wind people realized that we had to 
work together."39 From a policy perspective, it is easy to see that this united industrial 
front corresponded with the regulated competition alliance. The low ptice of natural gas 
and the strong growth in industrial cogeneration plants - in other words the success of 
the cogeneration innovation network - made the gas industry want to leave this 
alliance.40 

In September 1995, the independent power industry reached an agreement with the 
investor-owned utilities on how to introduce a competitive market for electric services 
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in California. The Memorandum of Understanding symbolized the temporary climax of 
the rise of the libertarian coalition. The growth of the independent power industry, in 
particular the gasfire industry, guided and enabled the ascendance of the libertarian 
beliefs within the energy debate. The same beliefs that had helped to develop the wind 
power industry now threatened its livelihood. Ironically, U.S. Windpower, the most 
passionate advocate of deregulation,41 became its first victim. With the utility market 
down, the other Californian wind power companies had to muse on new business 
strategies and wait for better times to come. 

9.2.9 Looking back on the Innovat ion Process 

The wind energy innovation process shows an incredible complexity (see Figure 9-2). 
Three different types of innovation networks were supported in the 1970s. California's 
effort to set up corporate and communal innovation networks failed because of a lack of 
political support, support from the business community, lack of demand from users 
(private users as well as utility companies), and a lack of reliable and efficient technol
ogy. In other words, despite the effort of the Brown administration, almost all the poles 
of these two wind energy innovation networks continued to be strongly underdevel
oped. 

In contrast, an entrepreneurial wind energy innovation network, rather unexpected
ly, came into being almost overnight. It was an unintended consequence of an incoher
ent set of policy measures (PURPA, tax credit programs, Wind Resource Center) that 
had been originally introduced to stimulate other types of technologies and innovation 
networks. Several business people, however, noticed that this set of policy measures 
offered the opportunity of setting up independent wind power plants to be financed by 
rich individual investors who would benefit from tax credits. The reinterpretation and 
creative use of the existing public policies by business people created a strong and 
unforeseen coherence among the initially disjointed and ineffective set of measures. The 
coincidental combined result of these measures was an uncontrolled 'Wild West' type 
of development that led to a technology development process that was typified as 
destructive creation. This was noticed by the public interest coalition, which proposed 
simple measures to counteract it. However, political rhetoric from especially Governor 
Deukmejian prevented a sophisticated debate on how to improve the innovation 
process. 

Two strategies were concocted within the market to circumvent or resolve this. 
Vertical integration was the business strategy that best fitted the policy aim of stimulat
ing independent power and the cut-throat mentality that characterizes mainstream 
American business culture. A former employer of u . s . Windpower explains, "We never 
saw ourselves as a cute little windmill company. We always envisioned ourselves as a 
generating business."42 

The other strategy was to rely on Danish technology. The Danes exported new 
investment and insurance structures, and introduced the Danish way of doing business 
to the innovation network. Theoretically spoken, the technical and business poles of 
the Danish cooperative/flexible wind energy innovation network became an integral 
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part of the entrepreneurial network. This explains why wind farm developers, at the 
end of 1984, agreed to cooperate on the Wind Performance Reporting System (WPRS) . 
By that time, wind power projects started to place grearer reliance on conventional 
financing from institutional lenders and foreign investors. Accordingly, verifying 
performance credibility became a prerequisite for attracting these new sources of 
financing (CEC 1991: 3). While the strategy of vertical integration presupposed and 
promoted a winner-takes-it-all attitude to doing business, the imported European-style 
strategy relied on and fostered cooperation among wind farmers (e.g., W P R S ) and 
between manufacturers and wind farm developers.43 

The two different strategies also resulted in different approaches to innovation. With 
respect to technology, U.S. Windpower had a very tough policy on secrecy (Karn0e 
1995: 255), and, having developed its basic design, almost entirely focused on the 
production process. Its basic strategy to achieve substantial cost reductions was to set up 
a production line that turned out several hundred machines a year. Their usw 56-100 
became the 'Model T' of the wind turbine business. In contrast, continuous product 
innovation and cooperative R&D characterized the innovation strategy of Danish 
manufacturers. Paradoxically, cooperative behavior that was nurtured and successful on 
the low-competitive Danish home market led to serious complications once the Danes 
became active on the high-growth California market, where it overcharged the process 
of creative destruction.^ 

After the expiration of the tax credit programs, the absence of any public policy 
made u. s. Windpower change its business strategy. The firm started the development 
of a novel wind turbine for the utility market. In political terms, this implied a shift 
from the entrepreneurial innovation netwotk as promoted by the regulated competition 
alliance toward the corporate wind energy innovation network as preferred by the 
sustainable grow-and-build alliance. At the beginning of the 1990s, the activities within 
the technical and business poles of this new cotporate network were thriving. But as the 
utilities started to pay serious attention to these wind energy innovation activities the 
preparations within the CPUC of the so-called BRPU process were finished. With 
respect to renewables, this bidding process stimulated the development of independent 
power. Thus, instead of agreeing with the ongoing development in the corporate wind 
energy innovation netwotk, this policy program tried to breathe new life into the 
entrepreneurial wind energy innovation network. 

Initially, the BRPU process seemed to be rather successful, especially with respect to 
wind energy. However, this success regenerated the old adversarial relationship between 
the wind farm business and the utility companies. As a result, the BRPU process was 
cancelled, which turned initial success into failure. The wind industry was not only 
forced to cope with the loss of power conttacts they had won in the BRPU process, but 
the restructuring debate also caused the slowly growing interest of the investor-owned 
utilities in wind power to evaporate. Finally, the political process left the wind power 
industry in California empty handed. 
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9.3 Denmark : Living W i n d Energy Innovat ion 

The living word demands that one not only respects his opponent, but also sees him 
as necessary, yes in the deepest sense as a friend. For the individual person just as for a 
people it is important that the truth not fossilize into dogma. ... He who wants to be 
free must let his neighbor be free with him; this is Grundtvig's fundamental percep
tion. Therefore it is not liberation from but vekselvirkning with the neighbor, that is 
the central idea in his view of freedom. Ove Korsgaard (folk high school principal)^ 

Basically, the wind energy innovation game in Denmark can be analyzed in terms of 
two innovation networks that gradually merged in a non-straightforward manner. 
Figure 9-3 represents a graphical summary of this complex process. As in Figure 9-2, the 
various innovation networks are represented by boxes, in which the various innovation 
poles are sketched. Figure 9-3 serves as a guide through this section. On top of each box 
it is indicated in which subsection the related network or event is discussed. 

In the 1970s, the two innovation paths could still be clearly distinguished; one fitting 
the flexible innovation tradition promoted by the established coalition, the other, 
taking the cooperative innovation tradition as its point of departure, advocated by the 
cooperative coalition. The two innovation approaches will be described in subsection 
9.3.1 and 9.3.2, respectively. While the innovation activities in the flexible wind energy 
innovation network stayed limited to a mere scientific enterprise, the activities in the 
cooperative network enticed lay people to become engaged in technical experiments, 
and attracted small firms to produce and sell wind turbines. At the end of the 1970s, the 
myriad activities even encouraged the established coalition to support the cooperative 
innovation network. 

In subsection 9.3.3, it is described how, in the early 1980s, the original cooperative 
network evolved into a mixed flexible/cooperative wind energy innovation network 
under the influence of both ideological coalitions. The blending of the two originally 
distinct ideal types of innovation approaches perseveres throughout the decade. Experi
ences gained during the California and Danish wind boom (see subsection 9.3.4 and 
9.3.5), inspired an ongoing blending. The next subsection discusses how this integration 
process reaches its temporary completion. The gradually evolved innovation balance is 
denoted inflexible ecological innovation. In the final subsection, we will look back on the 
wind energy innovation process in Denmark. 

9.3.1 Flexible W i n d Energy Innovat ion 

During the 1970s, government activity in the field of wind energy was concentrated on 
the establishment of a flexible wind energy innovation network. To achieve this, the 
joint Wind Power Program ( W P P ) , of the Ministry of Trade and the electric utilities, 
was set up in 1977. Since the FWEP in the United States served as an R&D model for 
the W P P , it will come as no surprise that the scientific knowledge strategy of the two 
programs resembled each other. Like the Mod-program, the Danish one relied on 
scientific knowledge and the effort of large industrial firms. The blades of the two 
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Nibe-turbines were designed at Rise National Laboratory,46 and the rest of the design 
work was done at the Department of Fluid Mechanics at the Technical University of 
Denmark. Still, the Danes chose a different technological wind turbine concept. 
America and Denmark had cooperated on an extensive test program on the old Gedser 
wind turbine. This machine had been built in the 1950s by Johannes Juul, who had 
been trained in the Danish craft tradition at La Cour's course for rural electricians at 
the Askov folk high school. The Danes basically took over Juul's design.47 In the 
United States, engineers were less enthusiastic about Juul's apptoach to wind turbine 
technology, and chose to elaborate on the design concept of the German professor 
Hütter. In the late 1950s, Ulrich Hütter had built a 100-kW prototype wind turbine 
that "looked more sleek and aerodynamic than the clumsy, cluttered appearance of the 
Gedser machine" (Gipe 1995: 78). While Juul emphasized simplicity and robustness of 
design, Hütter stressed that high efficiency and low weight were indispensable to 
competitive wind turbines. In short, while American engineers more or less fully relied 
on structural dynamics and aerodynamics, the Danish engineering community used a 
combined theoretical and practical approach to wind turbine design. 

Besides R&D, the Danish program aimed to initiate an industrial platform and set 
up a so-called user-producer network (Lundvall 1988). To stimulate the latter, the utilities 
were directly involved in the management of the program. The W P P was coordinated 
by the joint research institute of the Danish utilities, DEFU. With respect to the busi
ness pole, the Americans presupposed a ready-made industrial capacity for the produc
tion of wind turbines. In Denmark things were totally different. While NASA could hire 
huge aerospace companies that were expected to be able of building and producing an 
entire wind turbine, the W P P had to subcontract a whole range of companies with 
different technological skills. Sometimes, it was even hard to find a Danish firm with 
the right expertise. It was especially problematic to trace a company that was able to 
manufacture the 20-m fiberglass reinforced polyester rotor blades.48 

Some urban industrial companies were subcontracted: the Copenhagen company 
F. L. Smith, which normally delivers machinery to the cement processing industry, took 
cate of the gear of the Nibe B; the Odense firm Thrige Titan built the generator and 
the electrical system, and Frichs from Ârhus constructed most of the machine parts. In 
conttast to the American subcontractors within the FWEP that were acquainted with 
mass production, the Danish companies were specialized in producing small quantities 
of complex and often large constructions. In these firms the old craft ethos had been the 
motive for accumulation and scale (Kristensen 1989: 175). It can be concluded, that the 
W P P aimed to simultaneously support the creation and integration of the various poles 
of the desired flexible wind energy innovation network. 

In the early 1980s, the network was imperiled because the consortium of large 
Danish firms showed little interest in producing large wind turbines. Thus, no mutual 
innovation learning had taken place between the established coalition and the industry. 
To countet this lack of interest, the Ministry of Energy initiated the wind turbine com
pany, Danish Wind Technology (DWT) , to develop and market large wind turbines 
based on technology developed within the W P P . This breakthrough action was a, by 
Danish political standards, very uncommon policy initiative. It can be seen as a last-
ditch attempt to inject new life into the flexible wind energy innovation network. By 
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Period Danish wind energy innovation networks 

Flexible WEIN 
I 

1950-1960 j S/T: Juul's experiments 
Experi- 1 B: -

ments 1 C: SEAS, D E P 
by Juul 1 P: Grow-and-build alliance 

Flexible WEIN (§ 9.3.1) 

1973-1979 
Grassroots 

1980-1984 
Industriali
zation 
period 

S/T: DEFU, DtH; w p p (Nibe) 
B: Consortium of large firms 
C: Electric utilities 
P: Established coalition 

Flexible WEIN 

1985 
Danish 
wind boom 

1986-1988 
Downfall 

1988- now 
Profession-
alization 
phase 

Flexible ecological WEIN 

(§9-3-6) 

S/T: W P P (Masnedo, Tjasreborg) 
B: Establishment D W T 
C: -
P: Established coalirion 

S/T: Test Station, R&D Departments 
within firms 

B: Professional medium-sized firms 
C: Windmill cooperatives & electric 

utilities; IOO-MW Agreements, Wind 
turbine Law, Modern certification 
system, Export Guarantee Fund 

P: Sustainable grow-and-build alliance 

Cooperative WEIN (§ 9.3.2) 

S/T: Ecological practitioners; O V E , 
Tvindmill, Wind Meetings 

B: Small local firms (e.g., Riisager) 
C: Energy Offices, DV 
P: Cooperative coalition 

Flexible I cooperative WEIN (§ 9.3.3) 

S/T: Test Station 

B: SMEs (e.g., Bonus, Vestas, Nordtank) 
C: Windmill cooperatives; 

Dv Statistics, Energy subsidy, 
Connection rules, Type approval 
system 

P: Cooperative & established coalition 

Downfall of the Danish wind turbine 
industry (§ 9.3.5) 

Entrepreneurial 
WEIN?(§ 9.3.4) 

C: Institutional 
investors; 
1984-agreement 

P: Little support 

Figure 9-3 

Wind energy innovation networks (WEIN) in Denmark. The boxes represent different types 

of WEIN 's. A dotted-lined box indicates that little market development took place in the 

related innovation network in the corresponding period. The various poles of the innovation 

networks are indicated by their first letter. (Sub) policy instruments aimed to strengthen a 

particular pole are printed bold. The gray color indicates the tentative evolution from 

flexible WEIN into flexible ecological network. 
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the time the second generation prototypes - the Masneck and Tjsereborg turbines -
within the W P P began operating, the state had already sold its share in D W T . By that 
time a flourishing wind turbine industry had come to existence that produced and 
successfully exported medium-sized turbines. 

This industry had its origin within a (from a policy perspective) different kind of 
innovation network: the so-called cooperative wind energy innovation network. (Its 
formation will be described in the next subsection). The success of the cooperative 
innovation approach did not imply a final political victory for the cooperative coalition. 
Rather, its techno-economic success offered new opportunities for the established 
coalition. It was realized that the business pole of the cooperative network might also 
play a role in the flexible innovation network. Hence the government shifted its 
attention to the consumer pole and forced the utilities to sign the first IOO-MW agree
ment at the end of 1985. This breakthrough action was meant to create a guaranteed 
market for utility-owned wind turbines and stimulate manufacturers to change their 
business strategy into developing large turbines for the utility market. 

In summary, at the end of the 1970s the focus of governmental policy was on the 
technical pole of the flexible wind energy innovation network. In the early 1980s, it 
shifted toward the business pole, and in the mid-1980s toward the user pole. 

9.3.2 Cooperative Wind Energy Innovation 

We look for politics in the wrong place, with the wrong terms, on the wrong floors of 
offices and on the wrong pages of the newspaper. Ulrich Beck, 1997;99 

While, in the 1970s, government effort concenttated on the development of large-scale 
wind turbines owned by utilities, grassrooters, hobbyists, and small entrepreneurs were 
active in developing wind turbines for private use. Political engagement drove a lot of 
these initial activities. In the wake of the oil crisis and the antinucleat struggle, the 
cooperative coalition looked for and experimented with alternative technologies that 
would empower people at the local level, and make nucleat power redundant. 

In Part Two, we described how the cooperative coalition tried to influence the 
central government's energy policy by parliamentary and non-parliamentary action, 
and critically observed its implementation. The cooperative coalition was not a mere 
observer. Besides influencing the patliamentary decision-making process, it also tried to 
put its political ideas into practice in a more direct manner by trying to set up a cooper
ative wind energy innovation network. To indicate the actors within the cooperative 
coalition that were actually involved in this venture the term ecological practitioner, as 
coined by Jamison and Ljessoe (1990), seems to be appropriate. 

Using Beck's notion of subpolitics,49 the atgument here is that the cooperative 
coalition was both involved in 'notmal' state politics as well as in subpolitics. The 
ecological practitioners in fact implemented an alternative energy subpolicy. It is 
interesting to investigate how the ecological practical organizations supported the 
creation and integration of the various poles of the cooperative wind energy innovation 
network. In particular the Organization of Renewable Energy (OVE) and the Danish 
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Windmill Owners' Association (DV) played an important role in increasing the level of 
cooperation within that politically desired innovation network. It should be noted that 
OVE and DV were both cause and effect of the wind turbine innovation activities in the 
1970s. 

In contrast, a circle of folk high schools that was engaged in the antinuclear power 
struggle provided an existing organizational network that could be used to organize 
both joint local activities as well as coordinate action on the national level. Several folk 
high schools started to build wind turbines. Of these experiments, the construction of 
the Tvindmill became the most famous and influential one. On May 28,1975, the 
building of the 2 MW wind turbine at the Tvind folk high school, near Ulfborg in West 
Jutland, started when about three hundred people simultaneously put the 'first' spade 
into ground, symbolizing the collective nature of the Tvindmill project (Tvind 1976). 
The project's grandeur and cooperative nature attracted volunteers from all over the 
country, including engineers and engineering students, and became a national event. 
During the period of construction, the Tvind folk high school was the place to meet 
people, work together, share ideas, discuss concepts, and also put them into practice. It 
was a massive technological experiment that inspired and brought together wind energy 
enthusiasts from all over Denmark. It was also a grand social experience that created 
community spirit among wind energy supporters. 

The exchange and production of technological knowledge within the cooperative 
network was institutionalized in quarterly Wind Meetings organized by OVE. Here, 
individual experiences of different types of actors came together. Producers of (compo
nents of) windmills were confronted with practical experiences of self-builders and 
windmill owners. This enhanced contact between idealistic and critical buyers who 
formed the initial modest market, and the incipient wind turbine industry. Besides 
stimulating user-producer relations, it also stimulated cooperation within the business 
and consumer poles, fostering a continuous joint innovation learning process within 
the cooperative innovation network. 

As an indirect result of the regular meetings, DV and the Association of Danish 
Wind Turbine Manufacturers (FDV) were formed in 1978, and came to agree on certain 
minimum design standards. Though serving different interests these two organizations 
often were of the same mind. Besides being a very serious consumer organization, DV 
wanted to encourage the private use of wind energy from a political point of view. 
FDV'S objective was to increase the market for small wind turbines, so the two windmill 
organizations usually combined to lobby public officials and negotiate with utility 
companies. 

Trust and cooperation were two essential characteristics of the grassroots-like 
cooperative innovation network,50 whose rise was based on political engagement, and 
whose actors came to share a kind of community feeling. This was inherent to the 
cooperative philosophy of the ecological practitioners,51 but was also reinforced by real 
events, such as the joint Tvind project and the Wind Meetings. One could say that 
these grassroots activities created a kind of'wind energy Gemeinschaft^'1 in which 
people knew each other on a personal basis, and in which solidarity, engagement, and 
cooperation were valued. In short, the cooperative ideology and the cooperative way of 
innovating reinforced each other. The fact that cooperation was a natural thing to strive 
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for created ideal conditions for mutual innovation learning within the cooperative wind 
energy innovation network. 

Grassroots activities were guided by the political conviction of the ecological practi
tioners, who wanted to show the viability of wind energy technology. User demands 
were lowered and a small niche-market developed. Sometimes technology was forced to 
adjust to political visions, such as at Tvind, where the huge Tvindmill was clearly an 
extrapolated design. This was inconsistent with the cautious design-by-experience 
method that is normally preferred within the craft-like cooperative innovation tradi
tion. Although from a technological point of view the experiment at Tvind was an 
exception, it was politically symbolic. Political views took precedence over technologi
cal common sense, in other words, the technologists placed themselves in the service of 
the political community. Although a subservient attitude in the technological commu
nity is not without danger, the Tvind project illustrates that the technologists choose a 
design strategy in collaboration with other actors in the network. Thus, they petfectly 
followed the notion of joint innovation learning in the cooperative wind energy 
innovation network. 

One could maintain that until the investment subsidy on renewable energy technol
ogy was introduced in the Autumn of 1979, the innovation activities within the cooper
ative innovation netwotk were solely guided by the beliefs of the cooperative coalition. 
The government observed these developments from the sidelines.53 At the end of the 
1970s, howevet, the government came to support them, and both political views began 
to exercise influence, so that policy and subpolicy started to mingle. The introduction 
of the energy subsidy, the establishment of the Test Station, and the publication of a 
novel set of siting and consumption rules led to a new regulator)' environment. A new 
innovation situation evolved, with new types of actors in the various poles and new 
types of relations between these actors. The new type of mixed network, which evolved 
in the early 1980s, will be denoted as the flexible/cooperative wind energy innovation 
network, to indicate that the innovation activities within the netwotk wete influenced 
by both coalitions. 

9-3-3 Flexible/Cooperative Wind Energy Innovation 

Cooperation is very good among the user and manufacturer organizations, the 
Ministry of Energy, the public utilities, the National Test Center [at Ris0J, and the 
Danish counterpart to your EPRI [i.e, DEFU]. A sound political climate has also 
contributed considerably to the achievement of practical results. Ebbe Johansen 

(Industrial Attaché, Consulate Generalof Denmark), iç82H 

To giasp this blending process, one should realize that, while the cooperative coalition 
was interested in the whole innovation network, the established coalition was mainly 
interested in developing the business pole since it favored industtial activity which 
created jobs and, in principle, rejected decentralized private electricity production. As 
the first activity implied the second, the established coalition had to choose to support 
neithet or both. Facing majot unemployment problems, it considered the economic 
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growth argument more important than the absolute preservation of centralized control 
over the electricity system by the utilities, and chose to support the development of the 
cooperative wind energy innovation network. The established coalition's demand to 
promote industrial activity without endangering the central control principle led to a 
strategy of controlled development. 

Three main policy instruments were used: the establishment of the Test Station for 
Small Wind Turbines at Ris0 that both enhanced and regulated the development of 
wind turbine technology, the modest investment subsidy that both created and limited 
the market, and the rigid siting and consumption criteria that the utilities imposed to 
limit the private use of wind energy. The official policy strategy combined with several 
subpolicy activities meant the change from a pure cooperative innovation network 
towards a mixed flexible/cooperative network happened in so orderly a fashion that, in 
all phases, the convergence of the evolving network was maintained. Still, a distinct 
type of convergence evolved. This subsection describes how a combined flexible/ 
cooperative network emerged, and treats innovation activities within and characteristics 
of its various poles. 

During the 1970s, the multibladed wind rose was the most commonly used wind 
turbine type. These stand-alone machines were usually equipped with a ten-kilowatt 
generator that produced electricity for heat generation." After the introduction of the 
alternative energy subsidy, however, the grid-connected, medium-sized (30-55 kW), 
electricity producing wind turbine became the dominant design, that is, the most sold 
and used one. Most of these wind turbines were sold to local cooperatives. Johannes 
Juul's design of the Gedser mill served as an exemplar for this type of turbine. 

Juul's work inspired many wind turbine builders, among whom Christian Riisager, 
who already in 1975 had connected his self-built wind turbine to the grid. When 
Riisager tried to get this authorized by the electric utilities he received a lot of support 
from the ecological practitioners. Through a press campaign, the latter forced the 
utilities to come up with general rules. Although tules were published, many utilities 
did not observe these regulations. Moreover, the rules only applied to individually 
owned wind turbines. At the end of the decade, the efforts of DV and FDV to coerce the 
utility companies to comply with their own rules and to extend the rules to 
cooperatively owned wind turbines gained government support. Just after the market 
subsidy had come into force, the desired new provisional rules were published. 

The 1979 rules, in fact, broadened the types of actors within the consumer pole. 
From then on most wind turbines were sold to local cooperatives. 'Local' because all 
owners had to live within three kilometers of the windmill.56 Because the capacity of the 
turbine was related to the electricity consumption of the owner, and the price per 
kilowatt-hour of a medium-sized turbine was substantially lower than that of a small 
one, it was more economic to collectively buy and own a wind turbine. The restrictive 
connection rules thus both created a market as well as restrained its size by limiting the 
money individuals and cooperatives could earn by selling excess wind power. 

The state investment subsidy had a similar function. It enabled cooperatives to 
produce electricity for about the same cost as they could buy it from the electricity 
company, but the state restricted the profit margin of wind turbine owners by carefully 
adjusting the amount of investment subsidy. As innovations led kilowatt-hour prices of 
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wind power to drop the subsidy would also fall. While the alternative energy subsidy 
created a market that attracted new firms to the innovation network, this bureaucratic 
balancing mechanism pinched from these newcomers in the business pole a method to 
expand the market. In short, the utility rules and subsidy law created a small market 
that forced the producers and consumers involved not to expect too high profits. 

In particular, three small companies in Jutland that manufactured agricultural 
equipment - Vestas, Bonus, and Nordtank - became interested in this market. Wind 
turbine cooperatives were normally set up by a group of farmers, and thus were the 
same kind of customers these firms were used to deal with. Moreover, building a 
windmill more or less demanded the same kind of design and construction work they 
were accustomed to. According to Karnoe (1995: 261-262), "Making customized and 
continuously updated versions of small tanks, electrical trucks, small hydraulic cranes, 
water equipment, and the like was part of the normal business of these companies. 
Accordingly, products were produced in small batches or series. ... The early develop
ment work was organized by a small team of practical [teknikum] engineers, mechanics, 
fitters, and the like. Redesign, operational experience, and production went on hand in 
hand, in an organic, integrated process." In short, these companies were characterized 
by a flat and flexible organization, and adhered to the craftslike and incremental design-
by-experience approach. In addition, they were not focused on mass production, but on 
small series production of mechanical quality products. Like the design of the Nibe 
turbines, those produced by the small firms were also inspired by Juul's design, which 
later became known as the Danish standard. 

The design-by-experience approach fit the technological tradition within small 
Danish firms. The complex interplay of several institutional arrangements also stimu
lated a cautious design approach. First of all, most consumers were well informed about 
the state-of-the-art in wind turbine technology. A network of Energy Offices (set up by 
OVE, OOA, and a group of progressive folk high schools) informed people about 
renewable energy technologies,57 and DV regularly published the wind turbine produc
tion data of all its members. These types of subpolicy initiatives made the wind turbine 
market in Denmark very transparent; manufacturers selling bad technology could be 
easily detected and those selling good technology easily selected. One could argue that 
market transparency produces ideal conditions for technology-based competition 
between firms, and thus seems to promote more risky product development strategies. 
For various reasons things turned out otherwise. As we saw, the wind turbine market 
was a low-growth market. Moreover, the restrictive rules advanced local ownership, 
which promoted local production since cooperatives preferred to buy turbines from a 
regional manufacturer whose reputation and products they knew. 'Knowing' in this 
respect meant actually seeing wind turbines operating and listening to other users' 
experience. 

Thus initially firms mainly depended on word of mouth for sales. They therefore 
had great interest in building up a steady relationship with their clients, and had to 
provide physical proof of their reputation by keeping their turbines operating. Geo
graphical proximity enabled them to service their own turbines and regular face-to-face 
contact between producers and consumers created and sustained relations of trust. 
Fruitful user-producer relationship came into existence that enabled small firms to learn 
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quickly from their mistakes by making use of consumer experience. The fact that 
manufacturers operated in localized low-growth markets in which, besides cost-efifec-
tiveness, trustworthiness and reliability were crucial competitive elements, to a large 
extent explains why the companies followed a cautious design strategy,58 and why 
technological cooperation via the Test Station could coexist with competition. 

Besides the transparency of the wind turbine market, the fact that only turbines 
certified by the Test Station qualified for the state subsidy prevented poor technology 
from entering the market. Stipulated as a condition to guarantee that government 
money would be spent well, it had the side-effect of forcing companies to interact with 
the Test Station. This gave the latter the possibility to set technical standards to direct 
the technological development. This road was not taken for the simple reason that the 
engineers at the test facility thought no reliable scientific knowledge base existed that 
would justify theoretical standards to optimize wind turbine designs. 

Instead, they seized the opportunity to become technical consultants for small 
companies with limited technical experience and financial resources. They considered 
market technology as their standard, and used normal engineering sense to advise 
manufacturers on especially the reliability of their designs. Because the engineers at the 
Test Station identified themselves with the craftsmen in the new industry (Dannemand 
Andersen 1993: 207) it was able to become 'the common R&D department for the 
whole industry;' the center where all the early technical experiences could be collected. 

As noted above, the market situation, that is, the existence of a local, low-growth 
market, made technological cooperation a rational thing. To get a reasonable share of 
the market, producers only needed to follow the technological leaders in the business. 
The cooperative work of the Test Station helped to keep the leading group together, 
which enabled each manufacturer to keep control of its own regional market domain. 
Rise's focus on reliability complied with the need of the consumers for more reliable 
and safe turbines. In turn, producers tried to comply with the demand for safety and 
reliability and were happy to be informed by the Test Station about these issues. The 
advisory work of the Test Station speeded up the selection of a Danish standard turbine 
design, which was not compulsory, but whose generous design fitted with the safety 
focus of the engineers at Rise. Still, producers had the final say on this issue. They 
favored the Juul/Riisager design because of its simplicity, its robustness, its operating 
experience, and the availability of standard components. 

It can be concluded that, in the early industrialization phase, a combined flexible/ 
cooperative wind energy innovation network emerged. In many respects it differed 
from the pure cooperative innovation network of the grassroots period; the dominant 
technology differed (the Juul/Riisager design took the place of the wind rose),59 the 
political backing differed (the established coalition came to support the network too), 
the dominant type of users differed (cooperative ownership became the norm), new 
firms entered the network (in particular, small established and later dominant firms like 
Vestas, Bonus, and Nordtank), and new institutional arrangements and regulations 
(alternative energy subsidy, consumption and siting rules) guided development. 

Activities, relations between actors, artifacts produced, and rules within the new 
innovation network both enabled as well as embodied the political cooperation between 
the cooperative and established coalition. The tension between the core beliefs of the 
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established coalition - the economic growth principle that implied stimulating private 
energy production versus the principle of centralized control over the electricity system 
- led to a constrained investment subsidy that both created and limited the wind 
turbine market in Denmark. The utilities (the sectarian side of the established coalition) 
imposed rigid siting and consumption criteria to limit the private use of wind power. 
Interestingly, this complied with the second order belief of the cooperative coalition 
that such a development should be local. A silent compromise was born that both 
coalitions could live with. 

The fact that in the Danish political situation only a localized, low-growth wind 
turbine market was tolerated thwarted entrepreneurial opportunism and created ideal 
conditions for mutual innovation learning. In combination with excellent consumer 
information and the certification of wind turbine technology, this calm market envi
ronment caused the high level of cooperation and trust, which had been produced in 
the grassroots period, to be reproduced and maintained in the early industrialization 
stage. In particular, cooperation continued to exist in the technical and user poles. In 
addition, user-producer relations and the relation between the Test Station and the 
small firms were excellent. It can be concluded that there is a direct link between the 
political debate and the level of convergence within the innovation network as it 
evolved. 

9.3.4 Entrepreneurial Wind Energy Innovation in Denmark? 

As we saw, as much as the success of the flexible/cooperative network was due to 
demand stimulation, it was related to control on demand. The balancing took place 
within the political arena. This is perfectly illustrated by the reaction of the government 
to the sudden growth of the home market in 1985. The 'Danish boom' was made 
possible by the 1984 agreement. This private compact between DV, FDV and the 
utilities forced the latter to buy all surplus power and relaxed the siting criteria. This 
created a new market situation in which wind turbine parks became profitable invest
ment projects for institutional investors and local municipalities. 

Both coalitions disapproved of this speculative development, and recognized the 
need of rational, long-term regulation. To control the capitalistic development of wind 
power the government rapidly reduced the investment subsidy and reserved it for 
private investors who lived within a radius often kilometer from their turbine. In this 
way, early private arrangements that confined the market were now incorporated within 
the energy subsidy law. As said earlier, from a market stimulation instrument the 
investment subsidy changed into a policy instrument to control the development of 
wind turbines with local attachment. This policy intervention ended the short 'Wild 
West' period in the development of wind energy in Denmark, which was severely 
damaging the public image of wind power. 

Paradoxically, whereas Danish politicians detested uncontrolled development within 
their own country, they actively supported involvement in the real 'Wild West,' the 
California market.60 Moreover, the export success of these companies, resulting from 
uncontrolled development abroad, strongly improved the image of the wind power 
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industry in Denmark. From a Danish political point of view, double standards are 
clear. The fact that political principles are forsaken when the border of a nation-state is 
crossed presents a major barrier to the democratic control of the development of 
technology. 

9.3.5 The Industry's Pride before Its Downfall 

While policy makers stimulated exports, they did not genuinely appreciate the big 
changes this demanded from the industry, nor did they anticipate the consequences. 
When Danish wind turbine manufacturers entered California at the end of 1982, they 
experienced a severe shift in market conditions. They moved from a protected, pre-
competitive, and familiar home market to a distant, competitive international export-
market. In theoretical terms, the undercapitalized Danish companies that had grown up 
within the protected business pole of the flexible/cooperative wind energy innovation 
network had to quickly adapt to the new circumstances and codes of conduct within 
the California entrepreneurial wind energy innovation network. 

Nevertheless, this drastic change in market conditions had little effect on the role of 
the Test Station. A strange situation arose, therefore, in which the Danish companies 
competed each other on the California market by means of product innovation, while 
cooperating with each other in the same field back in Denmark. As we saw, the Test 
Station's role as a common consultant for the whole industry had stimulated the 
production and diffusion of practical knowledge within the flexible/cooperative wind 
energy innovation network, which had been beneficial for all involved actors. However, 
once the Danish firms became active within the highly competitive entrepreneurial 
innovation network, the (initially beneficial) free availability of technical information 
had the serious drawback of'overstimulating' the product innovation process. 

From 1983 on, the process of innovation went so fast that several turbine types were 
barely on the market for one year before other producers introduced new, more effec
tive types. This was made possible because the Danish design lent itself to rapid upgrad
ing, and because of the free availability of the Test Station's certification reports. The 
rapid techno-economical obsolescence of wind power turbines meant that old turbines 
could no longer be sold for their original price. Price reductions due to improved 
technology were not offset by similar cost reductions relating to, e.g., innovations 
within the production process. Kjaer (1988) convincingly argues that the weak balance 
between progress in product technology and production technology was the essence of 
the economic problems the Danish producers encountered after i984.Sl The falling 
dollar exchange rate aggravated the problems that led to the downfall of the Danish 
wind turbine industry between 1986 and 1988. 

In short, in the early industrialization phase, technical cooperation benefited all 
actors in the flexible/cooperative innovation network. On the low-growth home market 
cooperation and competition went hand in glove, since the Danish market was limited 
through a set of institutional mechanisms that stimulated technical cooperation and 
spurred technological progress, creating the technological basis for entering the Califor
nia market. Technical cooperation had made it possible for the Danes to invade the 
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California market, but this threatened technical cooperation, i.e. the basis of its success. 
Moreover, technical cooperation itself came to threaten the industry. Because the 
California market grew exponentially, stakes were high and competition intense. 
Although strong competition among firms seems to exclude technical cooperation, it 
still continued. Firms tried to obtain, increase, or maintain their market share through 
product innovation, which was partially enabled and accelerated through technical 
cooperation, heightened the competition between wind turbine manufacturers and 
instead of increasing profit margins, eventually led to a decrease in profits. 

9.3.6 Flexible Wind Energy Innovation Revisited 

Only after the California wind boom did Danish policy makers, technologists and 
managers come to appreciate the difference between the gentle and civilized home 
market and the cut-throat California export market. It became acknowledged that the 
approval system that was accepted in Denmark as a sufficient safety and quality mark 
was not suited to doing business internationally. Since 1979, the Test Station had 
certified wind turbines. The main emphasis was put on the certification of the turbine 
design. Although, wind machines were certified for Danish weather conditions, the 
certificate was widely used as a quality mark for export sales. Experiences with Danish 
wind turbines in California revealed some serious weaknesses of the old certification 
system. Besides type approval, insurance firms and investors came to demand verifica
tion of the manufacturing process, wind turbine installation, operation and mainte
nance. In the Spring of 1988, the Danish government, encouraged by manufacturers 
and investors, decided to start working on a new certification system based on inter
nationally accepted standards and codes of practices. 

Many Danish firms had been unable to generate the profits promised and to honor 
service and guarantee agreements when technical problems arose. Beside a professional 
certification system, an export guarantee fund was established to restore trust in the 
Danish industry. A barrage of bankruptcies caused a significant change of industry 
structure. The number of manufacturers was halved and fresh capital was put into firms 
with well-proven products. As a result, the new firms grew financially stronger and the 
product know-how and experience gained by the Danish wind power industry during 
the past decade was not lost, but carried on to the new companies. The more pro
fessional firms began to organize product development in a more systematic manner. 
Within newly established development departments, the use of scientific engineering 
knowledge gradually increased. 

An important condition for the redevelopment of the Danish wind turbine industry 
was the existence of a home market, or rather, a home wind energy innovation network. 
Until the mid-1980s, wind energy innovation had mainly taken place in what we 
designated as the flexible/cooperative innovation network. The user pole of this net
work, and thus the market, had been dominated by private windmill cooperatives. The 
Danish boom had led to the first IOO-MW agreement that aimed at creating a 
guaranteed utility market. 

Theoretically, one could argue that this policy measure was supposed to inject new 
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life into the incomplete and underdeveloped flexible wind energy innovation network, 
as originally conceived by the established coalition during the 1970s. In this scenario, 
the established coalition attempts to attract the 'successful' wind turbine industry to 
become exclusively involved in the renewed flexible innovation network by creating a 
guaranteed utility market. Such an explanation has several serious drawbacks because it 
has its roots in the political, technological and economic setting of the 1970s. It ignores 
the multitude of policy and innovation learning processes that have taken place since 
that time. The above explanation is, therefore, anachronistic, false and misleading. 

A more fruitful way of analyzing the meaning of the IOO-MW agreement takes the 
ongoing process of integration of flexible and cooperative characteristics of innovation 
as its point of departure. At the time of the agreement, the political attitude of the 
established coalition was that the development of wind turbines with local attachment 
could take place parallel to the development of the utility market for large-scale wind 
turbines. It found that the user pole of the flexible/cooperative wind energy innovation 
network offered room for both wind turbine cooperatives and utility companies. The 
established coalition was no longer only interested in the production pole of this 
innovation network, which, as a whole, was thought to contribute to its political goals. 
In this respect, the IOO-MW agreement must be regarded as a tool of the established 
coalition to match the activities of the various actors in the flexible/cooperative innova
tion network with its own political objectives of economic growth and centralized 
control over the electricity system. 

In contrast to the large 1970s Danish firms that showed no interest in developing 
utility wind turbines, the current industry was interested in the utility market. As the 
California market declined, the utility market presented a potentially large growth 
sector. The IOO-MW agreement was regarded as a useful leg up for the high potential 
(European) utility market. Involvement in this segment of the market created great 
demand for product development and upscaling of wind turbines. The technological 
community was afraid that utilities would consider development with existing wind 
turbines a waste of time and reject proven turbines for utility projects. In other words, 
technologists feared that involvement of the utilities in the user pole of the flexible/ 
cooperative innovation network would challenge their favored design-by-experience 
approach. 

It was also debated whether the Danish design would still be a proper design if 
turbines entered the megawatt-range in the mid-1990s. The second IOO-MW agreement, 
as part of the Energy 2000 plan, made it clear that policy makers demanded a sincere, 
constructive, and long-term involvement of the utilities in wind energy, not just as 
users, but as co-developers. Utilities began to purchase the cheapest 'large' proven 
commercial wind turbine available on the market, and started to tune their R&D effort 
with the wind industry's agenda for research. In the meantime, as described above, the 
four to five companies that had grown significantly during the export boom had 
become large enough to afford their own R&D departments. Firms became able to 
absorb the engineering knowledge that originated from the work within the science 
pole of the flexible wind energy innovation network, adopting the moderate design-by-
extrapolation approach that characterized the knowledge strategy of the flexible innova
tion tradition. 
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9.3.7 Looking Back on the Innovation Process 

The various poles of rhe cooperative and flexible wind energy innovation networks have 
gradually merged over the past two decades. The ecological practitioners in the cooper
ative network selected the design of Johannes Juul, who, in the 1950s, had tried ro 
construct a wind turbine that could be connected to the central power grid. Engineers 
within the W P P did the same. The selection of a similar technological concept provided 
a good pretext for mutual innovation learning. However, this common ground was 
only acted upon in the late 1980s. Until that time, the design strategies of the techno
logical communities in the two innovation networks differed too much. Practical 
engineers within the small firms followed a design-by-experience approach. In the late 
1980s, a complex set of factors motivated a shift towards a moderate design-by-extrapo
lation approach. The establishment of R&D departments and the related influx of 
scientific engineers encouraged and enabled such a shift. Second, the availability of 
specialized scientific knowledge (for example, a computer design kit that had been 
developed within the scientific pole of the flexible innovation network) made such a 
shift possible and logical from an engineering point of view. Moreover, the new 
certification system demanded a more scientific approach. Finally, the utilities' wish for 
large-scale wind turbines stimulated a change in design approach. 

With respect to the business pole, wind turbine manufacturers have changed from 
small under-capitalized firms to professionalized medium-sized firms (Vesras, Micon, 
Nordtank, Bonus, Wind World, and Nordex) firmly backed by established banks and 
operating globally. As we saw, the underdeveloped production system represented one 
of the major drawbacks of the Danish wind industry during the California export 
boom. Over the last decade, however, most firms have invested a lot in the reconstruc
tion and extension of their production facilities. The Danish companies developed 
small batch, flexible, up-to-date assembly and production systems run by skilled 
workers, the wind turbine industry has come connecred to the flexible innovation 
tradition as described in Chapter 8. 

It follows that the current wind energy innovation network in Denmark fits well to 
the flexible innovation tradition as described in Chapter 8. As we recall, exactly such a 
type of wind energy innovation network was envisioned by the established coalition in 
the 1970s. From a power perspective, one is, therefore, tempted to argue that over the 
past decade, the established coalition has managed to recapture its leading role within 
the development of wind energy. It seems to have succeeded in changing the original 
cooperative innovation network into its own politically desired flexible innovation 
network. In other words, it has regained its power position. 

Such an image of innovation would be far too static, too dualistic, and embodies too 
little concern for the mutual dependence of policy, industry, and technology develop
ment. Indeed, wind energy innovation has come to fit in the flexible innovation 
tradition, and has been adjusted to the political vision of the established coalition. 
Nevertheless, it is essential to make the following two remarks. First, the wind turbine 
industry builds wind turbines for both centralized as well as decentralized usage. Thus, 
current turbine technology serves both ideological coalitions. Second, and maybe more 
important, the political vision of the established coalition has seriously changed over 
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time. Although its preference for a centralized electricity system has not altered, it has 
adopted many of the policy belief elements that were originally advocated by the 
cooperative coalition. As a result, the established coalition now sees wind energy as "the 
environmentally most acceptable way of generating electricity", (ME 1990:101) Devel
oping and selling wind machines is seen as 'the politically most acceptable way of doing 
business,' because it fits the widely accepted notion of sustainable development, a 
concept that was already coined by the cooperative coalition in the 1970s. Thus, the 
political ideas of the cooperative coalition have not been left behind, but, to a large 
extent, have been accepted by the established coalition. 

Our analysis shows that the gradual adoption of new ideas within the policy belief 
system of the established coalition is not solely a matter of political debate and/or 
policy-oriented learning. The process of policy learning both influences and is influ
enced by the convictions and actions of other innovation actors. The new political 
balance seems to be part of a larger innovation balance that was described above and 
resulted from continuous, joint innovation learning between policy makers, technol
ogists, managers from the wind turbine industry and users (both windmill cooperatives 
and, since the mid-1980s, electric utilities). 

It follows that the newly evolved ideal of ecological modernization does not just 
represent a new political ideal, but a new model of innovation for the established 
coalition. Considering the fact that the established coalition agrees with the flexible 
innovation tradition, we might designate this novel innovation approach as flexible 

ecological innovation, to indicate that the political view behind the current flexible wind 
energy innovation network is different from the original idea behind it. 

9.4 Conclusions 

Let us return to this chapter's central question: 

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 the previous sections, we described how wind energy innovation developed over the 
last two decades. Figure 9-2 and 9-3 depicts the analysis of both the Californian and 
Danish wind energy innovation story, respectively. In this section, we reflect on the role 
joint innovation learning within those developments. Moreover, it is argued that in the 
same way policy story lines can be regarded as both cause and effect of long-term 
integrative policy learning, so-called innovation stories are both cause and effect of long
standing joint innovation learning. In this respect, a policy narrative is an integral of a 
more comprehensive innovation story. 
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9.4.1 Denmark: The Symbol of Ecological Innovation 

The wind energy innovation game in Denmark was played by two innovation styles. 
With the help of the cooperative way of innovating, the flexible wind energy innovation 
network that Juul had envisioned in the 1950s evolved into a flexible ecological wind 
energy innovation network. The indirect manner in which this happened is depicted in 
Figure 9-3 by a grey color. 

During the 1970s, relations between the two innovation styles were adversarial. At 
first, the flexible innovation strategy failed because the utilities showed little interest in 
using wind as an energy source, and Danish industry was not interested in developing 
and producing wind turbines for the utility market. Moreover, technological difficulties 
with constructing large utility wind turbines thwarted the attempt of the established 
coalition to set up a flexible wind energy innovation network. 

The cooperative innovation style became a success, with cooperation representing a 
core value within the culture of the cooperative innovation network. Through actual 
cooperation and face-to-face contacts trust was bred and sustained among the various 
types of innovation actors within the grassroots cooperative network. Joint innovation 
learning seemed a natural thing within this subpolitical network, and represents one of 
its key success factors. 

The success of the cooperative innovation activities did not cause the established 
coalition to oppose those activities, but rather, by the end of the 1970s, to support and 
control them. Gradually, the initial cooperative network changed into a flexible/ 
cooperative network with both cooperative and competitive features. The consumer 
pole of this network was dominated by windmill cooperatives. On a very small scale, 
the cooperative coalition therefore managed to increase the decentralized production of 
wind power, while the established coalition got itself a new industry. The flexible/ 
cooperative network was sprinkled with compromise which took shape into a set of 
policy measures that strongly influenced the behavior of and interaction between 
different innovation network actors. This happened in the following way. 

In combination with the renewable energy investment subsidy, a type approval 
system was initiated to ensure government money was well spent. This forced manufac
turers to contact Ris0, and had the indirect effect of maintaining and nurturing cooper
ative R&D. It also protected consumers from buying unsafe and unreliable technology. 
The established coalition regarded the cooperative network as a kind of niche in which 
the wind turbine industry could develop and made sure that the consumer pole devel
oped at a low pace. In addition, the association of windmill owners monthly published 
the track record of almost every installed wind turbine. This set of interventions 
instituted a low-growth, highly transparent wind turbine market, in which cooperation 
and competition went hand in hand. As the initial cooperative network changed into a 
mixed flexible/cooperative one, its cooperative features were maintained. Thus, also in 
this phase, joint innovation learning played an important role in the gradual and 
mutual development of wind energy technology, industry and policy. 

Two crucial episodes follow in the history of wind energy innovation: the export 
success and failure to California and the Danish wind boom. While the Danish govern
ment had little influence on the first event, it was unpleasantly surprised by the second. 
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For the sake of the argument we will disregard these two key events for the moment and 
will come back to them later. The thread of our argument is the gradual integration of 
the two styles of innovation, which was strengthened by the above two events. 
Although most of the Danish firms went bankrupt between 1986 and 1988, the remain
ing poles of the Danish flexible/cooperative innovation network were still in good 
condition. 

The California adventure had rendered the Danish wind turbine technology the 
world's leader. Danish users were still enthusiastic about wind energy and politicians 
still supported its development. Moreover, the first IOO-MW agreement forced the 
utilities to buy a fixed quantity of wind power capacity over the coming years. This all 
gave the battered wind industry new hopes for the future and speeded up restructuring. 
Since the mid-1980s, the industry has served both the private and utility market, though 
it is obvious that the main innovation effort has been directed to utility-grade wind 
turbines. The industry's newly refound creditworthiness, quality control system, and 
utility-grade products encouraged power companies to become 'seriously' involved in 
wind energy. In this way, the flexible/cooperative network changed into what we have 
named the flexible ecological wind energy innovation network. 

This label indicates that, although dominated by the flexible innovation style, several 
important cooperative features were adopted in the course of its evolution. In Chapter 
8, it was found that a truce between Fordism and the Danish craft ethos, and a mix of 
design-by-experience and design-by-extrapolation was typical for the flexible innova
tion tradition.62 Thus the story of wind energy innovation seems to be a specific case of 
a more general phenomenon. 

Before we draw some conclusions from this, let us return to the political analysis of 
part Two. In Chapter 6, we found that the cooperative coalition served as a critical 
corrective to the established coalition.63 It represented a type of populism within the 
Danish political establishment itself. Accordingly, it was concluded that the established 
and cooperative coalition together formed a long-term learning alliance, or, in other 
words, an establishment alliance.64 In a similar way the cooperative style of innovation 
seems to serve as a critical corrective to the flexible innovation approach. We therefore 
coin the term innovation learning alliance to indicate this long-standing cooperative 
innovation learning relationship. 

We can even extend on this comparison. In Chapter 4, we introduced the term story 
line. A policy story or narrative is seen as both cause and effect of a long-term integra
tive policy-oriented learning process between ideological coalitions. In other words, 
political story lines enable and stabilize learning alliances, which produce and reproduce 
story lines. In Chapter 5, we argued that the established and cooperative coalition 
formed a long-standing learning alliance that was organized around the story line of 
ecological modernization.65 In this chapter, we conclude that the competence of Danish 
policy makers, business managers, and technologists to deal constructively with political 
and professional differences to a large extent determined the success of wind energy 
innovation in Denmark. As a result, political learning organized around the story line 
of ecological modernization could go hand in glove with innovation learning in the field 
of wind energy, in which a grassroots technology was adapted to utility standards. By 
continuously confronting each other with new options, and (at the same time) by 
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constantly searching for integrative solutions, policy makers, technologists and man
agers have been pushing each other along in the field of wind energy innovation. 

From this one might conclude that the story of ecological modernization involved 
more than just a policy narrative. Besides enabling members of different ideological 
coalitions to cooperate, this story line also provided a narrative that allowed policy 
makers, technologists and business managers to communicate, find common ground, 
and coordinate their activities.66 In fact, story lines guided actors from different ideo
logical and professional positions in their search for mutually approved political, 
technological and economic solutions. In other words, the story line of ecological 
modernization is both cause and effect of long-term joint innovation learning. Thus, 
instead of being merely a policy narrative, the story line of ecological modernization 
might be said to represent a more comprehensive innovation story or innovation narra
tive. Consequently, we may speak of the innovation narrative of ecological innovation. 
The Danish story of wind energy innovation teptesents the number one pioneer of this 
innovation style. It represents "the symbol of ecological innovation". 

9.4.2 Intermezzo: Innovation Stories 

Most of the time policy and techno-economic innovation worked in tandem in the 
Danish case. Since joint innovation learning was omnipresent in Denmark it was 
concluded that ecological modernization not only represented a policy narrative, but 
also a more comprehensive innovation narrative. 

The complexity of California's energy politics was characterized by four ideological 
coalitions. The corporate capitalist coalition and the pragmatic side of the public 
interest coalition formed a long-standing learning alliance that was organized around 
the story of ecological modernization. Beside the liberal establishment alliance, a 
competing conservative establishment alliance was discerned, consisting of a part of the 
public interest coalition and the libertarian coalition, which was organized around the 
story line of entrepreneurial modernization. This raises the question of whether these 
narratives just represent policy stories or, like ecological modernization in Denmark, 
represent inclusive innovation narratives? 

Answering this question actually falls outside the scope of this book. We could draw 
such a conclusion in the Danish case, because in Denmark wind energy played an 
important symbolic and practical guiding role within the energy debate over the last 
two decades. Wind power in California clearly did not play an important role. Other 
technological options, most notably gas cogeneration, assumed such a central position. 
Although answering the above question goes beyond the scope of this study, we would 
like to make a tentative assumption that will hopefully help us to put wind enetgy 
innovation into a wider innovation perspective and make it easier to structure our 
comparison of wind energy innovation in both countries. 

We would like to assume that the narratives of ecological and entrepreneurial 
innovation indeed represent two comprehensive and competitive innovation stories. 
Demand-side management (DSM) was the central tool within the story of ecological 
modernization. Within the narrative of entrepreneurial modernization, which in the 
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1990s has come to dominate the energy debate, gas cogenetation played a crucial 
guiding role. Innovation within the gas industry energized the policy making process, 
and vice versa. In other words, techno-economic innovation in the field of gas 
strengthened the story line of entrepreneurial modernization, which stimulated devel
opment of the gas technology and industry. We argue that, besides containing a 
political message, the story of entrepreneurial modernization also includes a related style 
of innovating. We might, therefore, as well speak of the innovation story of entrepre

neurial innovation. In this subsection, we will first briefly discuss the rivalry between the 
two broad innovation stories. In the next one, we will use this discussion to define the 
position of wind energy innovation and the role of joint innovation therein. 

As we saw in Chapter 2, the California electricity quandary was a multi-faceted 
phenomenon. The utilities saw nuclear power as the way out but this encountered a lot 
of public opposition and technical problems, and the utilities had great difficulties in 
getting their nuclear plants on line. Among other things, the threat of capacity shortage 
offered an innovation space for other innovation scenarios. The two main innovation 
stories that emerged were ecological and entrepreneurial innovation. 

The public interest coalition saw conservation as a structural tool to address the 
energy crisis. For the utilities, DSM presented a way to save time. The idea behind 
ecological modernization was that through a greater use of renewables and energy 
conservation measures, the investor-owned utilities could maintain their monopoly 
position and profit margin, lower the price of electricity and its environmental impact 
and increase the reliability of supply. Consequently, all these benefits would help them 
to regain their political legitimacy, CPUC'S ratemaking policy represented the most 
important mechanism for putting utility investment in DSM at the center of manage
ment focus. It was realized that the traditional rate-of-return regulation frustrated goals 
for energy efficiency and conservation. Consequently, the C P U C adopted the Electric 
Revenue Adjustment Mechanism (ERAM) in 1982 to decouple the sale of electricity 
from utility profits (CPUC 1993: 55-56). This complicated set of procedures was thought 
to motivate utilities to promote conservation as a means to both protect utility financial 
health and provide consumers with greater rate stability. In this way, ERAM indicated 
the formation of a new partnership between utilities and regulators. For all that ERAM 
achieved, the state's utility executives did not fully embrace conservation.67 Moreover, 
despite strong pressure by policy makers, the utilities failed to seize the opportunity of 
gas cogeneration. 

Whereas the command-and-control strategy that was central to the narrative of 
ecological innovation was only partially successful in the first half of the 1980s, a type of 
policy that emphasized a market-based approach to innovation turned out to be quite 
successful. The conservative establishment alliance encouraged an entrepreneurial style 
of innovation that fit in the story of entrepreneurial modernization. Triggered by 
federal PURPA and California's QF-policy, entrepreneurs of every stripe took their 
chance. As a result, California became the worldwide leader in geothermal, industrial 
cogeneration and wind power projects; a novel independent power industry was born. 

This created a politico-industrial deadlock, with the utilities on one side and, on the 
other, the newly founded independent power industry. While the new industry chal
lenged the monopoly power of utilities, the latter tried to undo the independent energy 
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business. The fact that California was confronted with a situation of overcapacity68 

meant this conflict was not in need of an urgent resolution. Regardless, behind the 
scenes the struggle continued unabated. After an extended period of non-decision 
making (the second half of the 1980s) the BRPU proceeding was concocted, in which 
both innovation stories found a place. With respect to ecological modernization, DSM 
was again perceived as the major tool, though its funding had fallen precipitously 
between 1986 and 1988. Triggered by the debate on global climate change, a 'state-wide 
collaborative process' was initiated to renew the utilities' interest.69 Again the idea was 
that DSM should benefit both ratepayers as well as shareholders, and needed to be part 
of the utilities' normal business strategy. The California Collaborative led the 
sustainable grow-and-build alliance to agree that programs that promoted energy 
efficiency were the number one priority. Some three-quarters of all future electrical 
needs would be backed by DSM. Although the regulared competition alliance inter
preted this as a way to block the development of the independent power industry, it did 
not oppose DSM, since it was convinced that the above DSM numbers would never be 
attained.70 In 1990, its patience became rewarded, when the c r u e decided that some 
1,350 MW of new resources was going to be put out to bid. However, the Californian 
BRPU was overruled by the Federal Energy Regulatory Commission (FERC). In addi
tion, high electricity rates flared up the electric restructuring debate. 

The demand for electricity industry restructuring indicated the political hegemony 
of the narrative of entrepreneurial modernization. This political dominance was closely 
related to the techno-economic superiority of gas turbine technology, which at the time 
had become the most economic electricity generating option.71 Thus, the economic 
performance of the independent power industry (in particular, the gas cogeneration 
industry) strengthened the call of the libertarian coalition for restructuring the electric 
utility industry. The existence of a competitive cogeneration technology and industry 
did not merely improved the ideological position of the libertarian coalition, but also 
advanced its argumenrs in a very practical way. 

As noted before, the Memorandum of Understanding (MOU) , in which the utilities 
and independent power industry stated their intent to rapidly move toward an open 
and competitive electricity generating market, was a compromise between the corporate 
capitalist and libertarian coalition that to a large extent sidelined the public interest 
coalition. This implied a political shift; a conservative establishment took over the 
dominant position of the liberal establishment. The M O U did not merely signal a 
political take over, but also signified the collapse of the command-and-control style of 
innovating that had dominated the innovation story of ecological modernization in 
California. Ecological innovation presented a mixture of the corporate innovation style 
and the civilian approach to innovation. Although intended to secure the legitimacy of 
their monopoly position, the utilities forgot to use the opportunities this privileged 
position and its related favorite regulatory environment offered. They themselves 
turned out to be significant barriers to ecological innovation. Instead of fighting the 
independent power industry in the political arena, the utilities would have been better 
off if they had put more effort into innovating. The techno-economic success of the 
cogeneration industry made it win the political battle with the investor-owned utilities 
through the back door, that is, the innovation game. It seems to be just like the saying 
goes: action speaks louder than words. 
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One could say that the story of ecological modernization was cause and effect of a 
long-term policy-oriented learning process. This 'successful' political learning process, 
however, was weakly supported by innovative activity. There was a clear lack of joint 
innovation learning between policy makers, utility managers and technologists. 
Ratemaking policy did not entice utilities to adopt new business strategies or experi
ment strongly with new technological options. In contrast, the story of entrepreneurial 
modernization was full of innovation. The innovation activities of the independent 
power industry fit perfectly within the political story of entrepreneurial modernization 
that has come to dominate the energy debate in California. It seems fair to argue, 
therefore, that if the object of our study had been the gas cogeneration technology and 
industry, the conclusion had been that the maturation of the gas cogeneration technol
ogy and industry and the development of the energy debate in California have gone 
hand in glove. 

In the former subsection we concluded that, in Denmark, the cooperative style of 
innovation serves as a critical corrective to the flexible innovation approach. A similar 
conclusion may be drawn for the Californian situation. Entrepreneurial innovation 
seems to serve as a critical corrective to the corporate innovation approach. A constant, 
sometimes productive, tension appears to exist within capitalism between monopoly 
and competition, between centralization and decentralization of economic power (cf. 
Harvey 1990; Rothwell and Dodgson 1993). 

9.4.3 California: The Ugly Duckling of Entrepreneurial Innovation 

Here, we will try to describe the development of wind energy in terms of the broader 
process of innovation within the electric utility sector that was characterized in the 
former subsection as a competition between ecological and entrepreneurial innovation; 
a battle that was (temporarily) won by the latter. This means that we will concentrate 
on variants of corporate and entrepreneurial type of networks (Figure 9-2). 
Consequently, the Brown administration's attempt to establish a communal wind 
energy innovation network falls somewhat outside the content of this subsection. 
Nevertheless, since this development path is very interesting from a comparative point 
of view we will return to it in the final subsection. 

The attempt to set up a civilian/corporate wind energy network became a failure. 
The CEC initiated a wind power program ( W P P ) to design utility wind turbines, 
specially adjusted to Californian weather conditions. The W P P was meant as a supple
ment to the, from the perspective of the C E C , flawed Federal Wind Energy Program 
(FWEP) . Because most Californian politicians viewed R&D as a federal task, they failed 
to support the plan. As a result, liberal policy makers were not in complete control over 
the development of the corporate wind energy innovation network. Though they 
succeeded in getting the Californian utilities interested in wind power, for technical 
progress they still depended on the success of the federal research program, and thus 
had to rely on continuous federal support for the F W E P . The election of Ronald Reagan 
signaled a drastic change in the political climate in America. As one of its first deeds, 
the Reagan administration severely cut the budget of the FWEP, which more or less 
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ended the weak development of the corporate wind energy innovation network. It 
obstructed wind energy innovation as favored by the liberal establishment in California 
and invalidated, therefore, the process of joint innovation learning that had taken place 
between liberal policy makers and the utilities. 

A competitive type of development did take place; the uncontrolled development of 
the civilian/entrepreneurial wind energy innovation network. This type of innovation 
could benefit from policy measures, in particular the energy tax credit program, initially 
meant to promote the two other innovation networks. In 1983, Deukmejian's rage 
against the energy tax credit program threatened the viability of the entrepreneurial 
wind energy innovation network. This crucial event illustrates an innovation paradox. 
While libertarians promoted the establishment of an independent power industry, they 
distrusted government interference, which was necessary to give this industry a fair 
chance. This ambivalence was evident in the discussion around the energy tax credit 
program. Governor Deukmejian, a representative of the radical side of the libertarian 
coalition, wanted to abolish the program that originated from attempts to set up 
communal innovation networks. Since the pragmatic side of this coalition was in favor 
of the program, its continuation received bi-partisan support.72 In spite of this, 
Deukmejian's act hampered joint innovation learning. It created a situation in which 
politicians became more important than bureaucrats. Since obvious improvements 
became neglected, the faulty 'old' program continued. Consequently, the wind energy 
market maintained its murkiness, fraudulent behavior persisted, and the process of 
destructive creation and related demise of the American wind turbine industry con
tinued. 

While California's independent power policy led to the destruction of the technical 
pole of the entrepreneurial wind energy innovation network, it also led to the over
stimulation of its user pole. In September 1983 the CPUC approved the IS04 contracts. 
The long-term contracts for wind only lasted for a year and a half, in which period the 
wind power industry was strongly subsidized, giving wind farmers the opportunity to 
set up the civilian/entrepreneurial wind energy innovation network. Somewhat later, 
the tax credit program was ended, so the California wind industry only received 
'sufficient' political support for a very short space of time. In that particular period, 
support was not only 'sufficient' but truly abundant. Combined with the widespread 
realization that political support would only be short-lived, this abundance encouraged 
opportunistic and, even worse, fraudulent behavior. Despite the negative side effects, 
the California policy led to a boom-and-bust development cycle in the field of wind 
energy, and quite unexpectedly created an independent wind power industry almost 
overnight. 

As we saw, the sudden arrival of a new independent power industry created a 
political and industrial deadlock that was characterized by two competing industries 
and two competing innovation stories. The competitiveness of cogeneration plants 
increased the assurance of the gas cogeneration industry and engendered a rather 
militant attitude with an increased crusade against the monopoly structure of the 
electricity sector. Since the wind industry was far from being cost-competitive, it could 
not afford such a determined position. Instead of waiting for the outcome of the BRPU 
process, it tried to adapt its products to the utilities and came to conform to the story 
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line of ecological modernization. This was at odds with the overall political climate, but 
suited the actual situation within the electric industry. So, when after the wind boom 
California was slowly reconsidering its QF-policy, the wind industry tried to breathe 
new life into the corporate wind energy innovation network, which seemed to succeed 
in the early 1990s. The issue of global climate change generated a renewed interest in 
renewables and it seemed that the utility market for wind power plants would open 
soon. 

Besides, at that time the BRPU process offered new opportunities for wind farm 
developers to set up independent wind projects. In 1990, some 300 MW had been 'set 
aside' for bidding by renewable technologies only. Since wind energy represented one of 
the most competitive renewable sources, the prospects for the industry were very 
promising. However, the Californian BRPU proceeding was overruled by the Federal 
Energy Regulatory Commission (FERC), and fragmentation between state and federal 
policy frustrated the revival of civilian/entrepreneurial wind energy innovation. It 
cancelled policy measures like the renewables set-aside and renewables portfolio stan
dard policy that would have provided good market opportunities for Californian wind 
farm developers. 

The restructuring process also annulled the policy learning process within the liberal 
establishment that was organized around the story of ecological modernization. The 
tidal wave of entrepreneurial modernization (temporarily) killed corporate wind energy 
innovation. It forced the wind power industry to follow a purely entrepreneurial way of 
innovating. Hence, contrary to the situation in the early 1980s, almost no policy 
measures were left from attempts to set up other types of networks. This forced the 
wind power industry to compete heads on with other electricity generating industries. 
The one question left is: how does wind energy innovation comply with the innovation 
story of entrepreneurial innovation? 

u . s . Windpower assumed these two perfectly agreed. Its former President and Chief 
Executive Officer, Gerald R. Alderson (1995) stated, "We see the move to privatization 
and an open, competitive energy economy as reasons for optimism, not pessimism. 
Rather than becoming victims of change, renewables will benefit from the move to an 
economically competitive market. Indeed, rather than shrinking from open competi
tion, renewables can actively embrace it as an agent of growth." This point of view was 
contrary to the prevailing notion in the wind power industry. Most firms feared that 
wind power would wither away in these new, open markets - unable to compete. 

For the time being, the predictions of u . s . Windpower have not yet come true. 
Worse, the world's largest wind power company became one of the first victims of the 
shift from a regulated, command-and-control structure to one that features competition 
and privatization. We think that, during the period under study, wind power was not 
yet able to comply with the rationale of innovation inherent in the story of entrepre
neurial innovation. This leads to an interesting innovation paradox. On the one hand, 
the wind power industry owes its existence to the story of entrepreneurial innovation. 
On the other, this innovation narrative, when carried to extremity, forms a huge threat 
to the livelihood of this industry. Whereas the Danish wind turbine industry was "the 
symbol of ecological innovation," the Californian wind power industry could be said to 
be "the ugly duckling of entrepreneurial modernization". 
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9.4.4 Comparative Conclusions 

As with the distinction we made in Chapter 6 between the hard and soft side of popu
lism, we can also distinguish between the hard and soft side of innovation. The Danish 
cooperative and American communal innovation tradition may be regarded as the soft 
side of innovation, which is engaged with the social and human aspects of innovation 
and its implications for democracy. It stresses that innovation should create or maintain 
egalitarian, convivial, or legitimately hierarchical social relationships. The hard side of 
innovation, represented by the American entrepreneurial innovation tradition, is in 
search for innovation that increases economic efficiency and profits. 

We found that, while in California, innovation within the electric sector became 
dominated by the innovation narrative of entrepreneurial innovation, in Denmark it 
was guided by the story of ecological modernization. While in Denmark, the soft side 
of innovation inspired the flexible innovation tradition, it had little impact on either 
the corporate or the entrepreneurial innovation path in California. 

In 1970s Denmark, wind turbine technology stood for an alternative energy future. 
This 'simple' technology gave the cooperative coalition the opportunity to create 
counter-pictures and emotional symbols of its alternative social vision. In California, 
solar technology inspired the communitarian coalition. Consequently, even this most 
obvious proponent of communal innovation initially overlooked the wind power 
option. Only at the end of the 1970s was wind energy added to the energy tax credit 
program. Still, a significant market for small private wind turbines did not develop. 
When Governor Deukmejian came into office in 1983, he immediately abolished the 
Office of Appropriate Technology, which indicated that the political support for 
communal innovation, as introduced by the Brown administration, would no longer be 
continued. In contrast, the Danish cooperative coalition has played an important role 
in the energy debate throughout the whole period under study, and the cooperative way 
of innovating had a marked influence on wind energy innovation. While in California 
the hard side of innovation drove innovation, this innovation type was not tolerated in 
Denmark. The political reaction on the Danish wind boom exemplifies this. When, in 
1985, a speculative wind energy development evolved in Denmark, both coalitions 
rapidly and clearly expressed their disapproval of such a 'Wild West' type of develop
ment. In other words, it became clear to all innovation actors involved that entrepre
neurial innovation was not done in Denmark. 

It follows that the Danish political situation offered room for only one innovation 
story, that of ecological modernization. More important, innovation in the field of 
wind energy drove this story. In other words, in Denmark, wind energy innovation fit 
perfectly in the story of ecological modernization. This can be perceived as both cause 
and effect of joint innovation learning. In California, two competing innovation 
narratives could co-exist: ecological and entrepreneurial innovation. Since wind energy 
innovation was weakly related to both, it tried to be connected to the one that at the 
moment offered the most opportunities. During the California wind boom, the wind 
power industry strove to fit the story of entrepreneurial innovation. This was possible 
only because of favorable public policies. When these policies ended, the wind power 
industry was forced to change direction and, so to speak, jumped on the wave of 
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ecological modernization. This wave had little impetus though, and in the mid-1990s 
was flooded by the wave of entrepteneutial innovation, which was stoked by the ttuly 
competitive gas cogeneration industry. In the short term, the wind power industry does 
not seem to comply with the competitive demands of this innovation style. We can 
conclude that while wind energy innovation in Denmark played the role of pioneer, in 
California it played only a minor role. It was at the mercy of a competition between two 
innovation stories that it was only very weakly related to. This was both cause and effect 
of a lack of joint innovation learning. 

From the fact that the Danish political situation only offered room for the innova
tion story of ecological innovation, it can cot be concluded that the success of the 
Danish wind turbine industry is solely related to this type of innovation. After 1983, the 
development of wind power in California and Denmark became both cause and effect 
of one another's 'success' and 'failure.' Bad technology from American wind turbine 
manufacturers was irrevocably killing the wind farm business, and many farmers 
survived because of the entrance of the Danish wind turbine industry. But this entrance 
finished the American manufacturers off. The large demand for Danish wind turbines 
generated investment money that could be used to finance technological progress. 
Without this export success, the Danish government would have probably reduced its 
support for wind energy, which would have downsized the home market to a level 
inadequate to fund rapid technological development.73 In abstract terms, this means 
that entrepreneurial innovation in California formed one of the breeding grounds on 
which ecological innovation in Denmark could flourish. 


