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NOTES 

i Introduction 

i In this book we will use a broad definition of innovation. Innovation is not simply similar to 

techno-economic innovation. In our view, innovation involves technical and economic change, 

the transformation of consumer behaviour, and political change. Moreover, the broad definition 

embodies the idea that political innovation and techno-economic development are mutually 

dependent and are constantly shaping each other. 

2 The relative simplicity of a wind turbine assembly makes it a surveyable system technology. 

Basically, there are two different types of wind turbines: the horizontal (HAWT) and vertical axis 

wind turbine (VAWT). The HAWT has the axis of rotation of its rotor parallel to the wind stream, 

while rhe VAWT has the rotor axis perpendicular to the wind stream. The most commonly used 

type in California and Denmark is the HAWT. A modern HAWT is composed of six basic 

subsystems: "i . The rotor, which consists of one, two, or three blades mounted on a hub and may 

include aerodynamic braking systems and pitch controls; 2. The drive train, including gearbox or 

transmission, hydraulic systems, shafts, braking systems and nacelle, which encases the actual 

turbine; 3. The yaw system, which positions the rotor perpendicular to the wind stream; 4. 

Electrical and electronic systems, including the generator, relays, circuit breakers, droop cables, 

wiring, conrrols, and electronics and sensors; 5. The tower; and 6. Balance-of-station systems 

including roads, ground-support and interconnection equipment." (Cavallo, Hock, and Smith 

1992: 136) 

3 This implies that the two cases are interdependent. Whereas case contamination is normally seen 

as a problem, in this case it offers us a unique opportunity to study the same technology under 

two totally different political and economic conditions. Moreover, while a government's area of 

jurisdicrion is bounded to the nation-state, techno-economic innovation has an international 

orientation. The interdependence of the two cases should be seen as a natural characteristic of a 

study that focuses on the interaction between politics and techno-economic development. 

4 Foi a comptehensive introduction to the development of renewable energy technologies over the 

last 20 years, see Renewable Energy: Sources for Fuels and Electricity (Burnham 1992). 

5 The company concerned is Kenetech Corporation. Before its bankruptcy, this was one of the 

three largest producers in the world. Before 1993, it was called U.S. Windpower. Since more 

people recognize the original name, 'u. s. Windpower' will be used throughout the book. 

6 In 1996, some 1,200-megawatt (MW) of wind capacity was installed worldwide. About sixty 

percent of this market was produced by Danish wind turbine manufacturers, representing 9,000 

man-years of work (Madsen 1996). 

7 In the same article, George B. Leonard (1962: 30) states, "California is a window into the future." 

In the 1960s, this notion became widely accepted within America. In the early 1970s, Kenneth 

Lamott (1971: 4) confirmed Leonard's statement, saying "California is our distant warning system 

for rhe rest of the United States. California is our window into the future. California is the center 

of the whirlpool, where all currents come to focus." The myth of California as the fountain of 

innovation is still vivid (cf. Harvey 1985: 1). 

8 Quoted from the interesting introductory book, Discover Denmark (Himmelstrup, Hegelund, 

and Askgaard 1989). 
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9 The same argument is made by Schwarz and Thompson (1990), who recommend to 'recognize 

and analyze the inchoate.' See quote at the beginning of this Chapter. 

10 Paul Gipe's (1995) book Wind Energy Comes of Age is probably the most comprehensive and 

accessible guide to the technology, economics and politics of wind energy available. 

11 See also Strauss and Corbin (1990). 

12 During the research the Advocacy Coalition Framework (ACF) has been adjusted to such an 

extent that its crucial influence can probably only be traced back by genuine ACF-insiders. 

13 Both in California and Denmark some twenty key figures have been interviewed; see 'List of 

Interviews.' Most of the interviews have been audiotaped. 

2 California: Common Sense Wind Energy 

1 Before the Commission received its current name in 1946, it had been called the Railroad 

Commission, which had been created by state constitution to protect the consumer against 

unreasonable rates and see that the railroads and private utilities provide adequate facilities and 

services. 1rs duties and powers had been put into effect by the California Legislature with the 

passage in 1912 of the Public Utilities Act (CPUC 1994b: 1). 

2 Utility managers desired two things from new technology: reliability and lower costs. Obtaining 

economies of scale with larger generating units (steam and water turbines) played an important 

role in providing good economic returns. Scale economies derived both from geometry and 

simplified organization. For example, building one large unit instead of two smaller ones required 

only one foundation for a turbine and one control room. Moreover, since the operation of a large 

unit did not differ significantly from operation of a smaller unit, the company saved by having 

staff for only one control room. Together, these capital and operating economies of scale proved 

attractive to many companies. For this reason, utility managers desired large-scale technology 

(Hirsh 1989: 40-1). 

3 Capital intensity was also influenced by the low cost of money. Furthermore as a natural monop

oly the electric industry had no difficulty borrowing money (Hyman 1988: 194-5). As a result, the 

capital expenditures of in vestor-owned electric utilities in California more than tripled between 

1950 and 1965 (CPUC 1993: 21). 

4 For example, P G & E constructed well over twenty fossil fuel units during the 1950s and 60s, 

ranging in size from 52 to 340 megawatts. In 1948, there were only two power plants larger than 

500 megawatt in the United States. By 1972, there were 122 such plants (CPUC 1993: 21). 

5 The words "go-go" refer to the hyperactivity of growth and boom psychology that had character

ized the California scene since the Gold rush. 

6 In the first half of this century, the California electricity system was dominantly based on 

hydraulic power. When in the early 1920s, California petroleum became available, oil-fired steam 

plants complemented the hydroelectric power from the Sierras by carrying peak loads when 

demand rose high and winter freezes or droughts lowered the capacity of the hydroelectric 

system. By the early 1950s, it became clear that hydro had its limits. Encouraged by Eisenhower's 

Atoms for Peace program, utilities started to consider the nuclear option. For example, PG&E 

announced in 1963 with some fanfare its "Super System," which was designed to serve the 

company through 1980, and put major reliance on nuclear power (Roberts and Bluhm 1981: 127-

8). Nevertheless, crude oil became the fuel choice for most new electric generating plants. Its 

prices were stable and relatively low, and its supply was abundant. 

7 See Mooz and Mow 1972, Ball et al. 1972, and Doctor 1972. 

8 Just the year before, a proposal from conservationists - Proposition 20 - had been passed. This 

initiative had created the California Coastal Commission, empowered ro plan for and license all 
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oceanfront land use and development. The political themes surrounding the referendum question 

were similar to those that characterized the power siting controversy. The fighting brought 

conservationists face to face with developers, and local government face to face with the state. 

Supporters of the state-wide plan insisted that coastal problems were not simply local concerns. 

Moreover, they claimed, it was the inability of local governments to counter the pressure of 

developers, realtors, and construction unions. Along with other industrial interests, and much of 

organized labor, the utilities campaigned vigorously against the initiative, as it added a major 

constraint on constructing new generating capacity at coastal locations (see Harvey 1985: 190-1). 

9 See NSF/NASA 1973. 

10 At the time Alfred J. Eggers, jr. was the Assistant Director of the NSF'S program on Research 

Applied to National Needs (RANN) . The above quotation is taken from Eggers' opening address 

to the first workshop on Wind Energy Conversion Systems (NSF/NASA 1973: 2-3). 

11 The expert on wind energy within the Solar Energy Panel was William Heronemus, a professor 

of civil engineering at the University of Massachusetts. Heronemus questioned the nuclear 

dream, and was a bold advocate of the large-scale use of wind power (NSF/NASA 1973: 197-203). 

12 Jacobs had been building thtee-bladed wind generator propellers 4 m in diameter. The windmills 

were supplied in both 32-volt and no-volt direct-current models. Jacobs Wind Electric Company 

of Minneapolis, Minnesota, sold more than 75 million dollar worth of windmills, before the 

company closed its doors in 1957 (Clark 1975: 539-541). 

13 A detailed description of the Smith-Putnam experiment is given by Palmer C. Putnam in his 

book Power from the Wind (reprinted in Koeppl 1982). 

14 In those years, the belief in R & D , and the faith in technological capability of the U.S. were wide

spread, and at their very height as a result of America's successful Apollo program. On July 21, 

1969, Neil Armstrong had become the first human being to set foot on the moon. By showing to 

the world their technological supremacy, the United States of America had aimed to demonstrate 

the inferiority of the communist ideology (cf. Schulte Nordholt 1963:191-196). Regardless of 

whether the space program affected the Soviet Union, it strongly strengthened the technological 

self-confidence of American engineers and scientists. The act of'putting a man on the moon' 

became the symbol of both the nation's technological capability, as well as of the omnipotence of 

technology itself. 

15 A few years later, Louis V. Divone became the branch manager of the Department of Energy's 

Wind Energy Division. 

16 Quoted in Serchuk 1995: 76. 

17 After the Apollo program, NASA had been forced to look for a new challenge and among other 

things became involved in managing the large scale wind systems part of the NSF'S Solar Pro

gram. Besides belief in R & D , NASA brought into the wind program both the knowledge base of 

the aircraft industry, as well as the involvement of its leading companies. The agency subcon

tracted to mainly huge aerospace corporations that had already been active within the space 

program. It was expected that the offspring of the technological community that had successfully 

built the Apollo spacecrafts possessed all the theoretical and technological know-how to make 

building a commercial wind turbine a simple engineering problem. 

18 The report is named after its principal author, Professor Norman Rasmussen of M I T . Rasmussen 

concluded that there was only about one chance in three million per year that an accident at a 

nuclear plant would cause ten or more deaths (NRC 1975). 

19 The initiative is "a form of direct legislation, that allows citizens to qualify a proposal by petition 

and place it before voters for approval, bypassing the Legislature." (Harvey 1985: 253). The 

initiative or Proposition stems from the state's Progressive era. In 1910 the Progressives had come 

to dominate California state politics. Their leader, the liberal Republican Hiram Johnson, had 

won the general election and Progressive candidates won control of both the state assembly and 
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state senate. Their legacy has been enormous. Among their social reforms were prohibiting child 

labor, providing free school texts, extending the eight-hour workday, and expanding conservation 

programs. The political reforms also involved significant changes in the processes of government. 

In 1911, voters passed a constitutional amendment, promoted by the Progressives, that introduced 

some tools of direct democracy, which included the referendum, the recall, and the initiative (cf. 

Bell and Price 1980: ch. 6; Harvey 1985: 43-45). 

20 Jan Hamrin. Interview Oct 25,1995. 

21 Idem. 

22 This theory was advocated by, among others, Californians for Economic Democracy, led by 

former student leader and anti-war activist Tom Hayden (D), and by the consumer group TURN 

(Toward Utility Rate Normalisation), headed by Sylvia Siegel (Leary 1980). 

23 The design of the Mod-2 (2.5 M W , 91 m diameter) had started in the autumn of 1977, with a 

contract award to the Boeing Engineering and Construction Company. Cost reductions were 

thought to be achieved through reducing capital costs by lowering the weight of the wind 

turbines. The Mod-2 wind turbine incorporated many 'advanced-design' features (e.g. a teetered 

rotor and a flexible tower) that were intended to reduce machine weight and therefore system 

cost. Also automated production and discounts due to quantity purchase of materials and 

components were expected to contribute to cost savings (cf. Koeppl 1982: ch. 4; March et al. 1982: 

ch. 2; Gipe 1995: 103-107). 

24 Governor Brown was so famous for his reversals and compromises on political issues, that the 

California Journal caricatured him as "the man of the thousand faces." Despite this dubious 

reputation, Brown has always stood by his disavowals of nuclear power and his support for 

renewables. The consistency of his political ethic in the field of energy seemed to have been the 

exception, which proved the rule. 

25 Allowing for moderate oil price escalation, Ginosar calculated that the achievement of this goal 

would save the state 17 billion dollar between 2000 and 2005 (Lerner and Ginosar 1979:133). 

26 The basic philosophy was to simultaneously develop six different prototypes: model I (125 ft 

diameter, 0.5 and 1 M W options); model 11 (150 ft, 1 and 2 M W ) ; and, model i n (180 ft, 1.5 and 3 

M W ) . For each model two units would be developed; one machine for moderately high wind sites 

and another for very strong wind sites such as the San Gorgonio Pass. In addition, thtee units 

would be manufactured for each design to gain sufficiently wide testing experience and to help 

anticipate production problems. Thus, a total amount of 18 wind turbines were supposed to be 

tested under the proposed state wind energy program (Lerner and Ginosar 1979). 

27 The R&D money had been spent on "mission studies, regional application studies, legal studies, 

radio frequency interference studies, design studies, environmental impact assessments and 

statements, etc., etc, etc." (Tennyson 1978: 156) 

28 For years, utility companies had desired reliable and low-cost technology. Obtaining economies 

of scale from more powerful generating units and raising thermal efficiencies had been the two 

basic strategies to lower generating costs. The Rotor Committee at the first WE CS workshop, 

however, had concluded that it made no sense to look for improved aerodynamic performance of 

the rotor blades (NSF/NASA 1973: 213). Thus from a pure technology development perspective, 

the wind program was only left with the economies-of-scale approach. 

29 In 1977, the Department of Energy began to respond to the criticism of the soft energy propo

nents. In fiscal year 1978, the budget for the farm and rural systems program more than doubled 

compared to the years before, and received somewhat mote than 20 percent of the total FWEP 

funding. President Carter's Sun Day speech of May 3rd, 1978, included an announcement that a 

100 million dollat solar initiative would be made. The wind program received one-fifth of this 

figure. Half of the 20 million-dollar increase went to the small wind systems part of the program, 

which received about one-third of the total budget in fiscal year 1979 (Tennyson 1979a: 33-34). 
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The tripling of the budget for small wind turbines was not at the expense of the large wind 

systems part of the ptogram. Nevertheless, this shift in accent reflected the growing influence of 

the soft energy perspective within the Carter Administtation, and the success of the lobbying 

efforts of AWEA. 

30 Quoted from the original Assembly Bill (AB 2976), introduced on March 20, 1978. 

3 1 Quoted from the Mello Wind Bill (AB 2976) after Committee amendments. The Bill was 

amended in the Assembly on May 17,1978. 

3 2 The CEC plan had earmarked 8 million dollar for the task of identifying high-wind sites (Lerner 

and Ginosar 1979: 136). Thus, the 800,000-dollar authorized by the California Legislature was 10 

percent of the amount originally requested. This cutback was probably influenced by Proposition 

13 (see above). Moreover, the amount granted equalled only 1 percent of the proposed total 

program budget. This, however, is not to be explained by the tax revolt. Namely, the Committee 

amendments had crossed out the program's prototype-development part a month before Califor

nia's voters approved Proposition 13. The strong curtailment reflected a fundamental political 

disagreement between the state legislators and the Brown Administration. It exposed their 

dissenting views on the state's role and the size of its involvement, concerning the promotion of 

wind energy technology in California. 

3 3 The organization SUNRAE - Solar Use Now for Resources and Employment - played a major 

role in the original legislation creating the 55 percent solar tax credit. The Sacramento-based 

organization took no part in the anti-nuclear struggle. Instead, it emphasized the job potential of 

the solar energy industry (Reinke 1980). 

34 See Public Utilities Code Section 2801 and 2802. 

3 5 AB 1558. 

36 A 1979 SUNRAE analysis showed that of all solar bills introduced by the Legislature, only $26 

million (about five percent) was appropriated out of a proposed $516 million in funding (cf. 

Drager 1979: 393). 

37 AB 3623, Hart. 

38 Jan Hamrin. Interview Oct 25,1995. 

3 9 The consumption of imported oil was supposed to be reduced by "replacing oil with abundant 

domestic fuels; reducing energy demand through improved efficiency; increasing production of 

conventional sources of domestic energy through more rational pricing policies; and building a 

base for the development of solar and renewable energy sources" (NEA 1979: 3). 

40 During an interview, Thomas Starrs (Oct 26,1995) revealed that he had talked a lot with Richard 

Hirsh - author of the book Technology and transformation in the American electric utility industry -

about this 'mystery' of American energy policy. He explained two points. "One is, that section 

210 was one section in one bill out of five laws. There was so much going on, that it was barely 

noticed by the utilities. No one understood the importance or the relevance of it. If they had 

known, the resistance would have been far greater. Second, there was no real independent 

political constituency for it. There was no industry to advocate this law." Starrs' explanation can 

be brought a step further, by realising that the energy debate took place in a strongly ideological 

plane. 'Soft' and 'hard' energy, were perceived to depict two fundamentally different approaches 

to energy development. The two confronting views determined in what way choices were made 

and options were assessed. Section 210, was clearly a 'soft' proposal. At the time, colleagues in 

Washington D . c. told Hamrin (Interview Oct 25, 1995), it was envisioned "to allow for small 

applications where that made sense, and where people wanted to do it on an individual base." Its 

advocates were not thinking about it in a commercial sense. Nor did its opponents. To them 

'soft' was similar to "soft-headedness, undependabiliry, a femininity inappropriate to the 

masculine rigors of managing an industrial economy" (Roe 1984: 11). As a result, this 'soft' law 

was perceived beside the point, irrelevant, and thus unworthy of too much attention. 



3 0 2 W I N D S O F C H A N C E 

41 Legislative efforts in California to create a market for small-scale alternative energy production, in 

fact, preceded PURPA. Already in 1976, the State Legislature had enacted the Private Energy 

Producer Act (PEPA), designed to promote non-utility sources of electricity (see Public Utilities 

Code, Section 2800 ff; see also § 2.2.5). 

42 Jan Hamrin holds that this was the case, and explains that PURPA'S section 210 was originally 

meant to allow "mom and pop, who live on a farm to put in a wind turbine. Or to put a little 

hydro facility on the stream that ran through their property. Or for somebody to put a 

photovoltaic system on the roof." (Interview Oct 25, 1995) 

43 Jan Hamrin. Interview Oct 25,1995. 

44 Wayne Van Dyke, president of Windfarms Limited, picked these words to express his confidence 

in the rapid development of wind technology (quoted in Flavin 1981: 31-32). 

45 This observation was made by the presidenr of Hawaiian Electric Company, and quoted in 

Flavin 1981: 32. 

46 At the time, no test results were available from the Mod-2 machine, since the first prototype had 

only just begun to produce power in late 1981. Test data from its predecessor were already 

partially available. The Mod-I, however, had never performed as expected, and in January 1981, 

the machine sustained a failure of the low-speed shaft assembly due to fatigue loads. The Mod-2 

program included four prototypes, including a cluster of three machines in Goodnoe Hills, 

Washington, near the Columbia River, PG&E purchased a fifth Boeing Mod-2 turbine, and 

started to operate it late in 1982. 

47 At the SCE wind test site located near Palm Springs several wind turbine designs were tested. In 

1980, SCE purchased a huge three-bladed, horizontal axis, variable speed, J -MW Bendix wind 

turbine, and a 500-kW Darrieus vertical-axis machine, manufactured by the Aluminium Com

pany of America (ALCOA). The latter machine was destroyed in a windstorm during commission

ing activities early in 1981 (March et al. 1982: 19). In September 1983, it was replaced by another 

machine of the Darrieus design, the two-blade 500 kW DAF Indal wind turbine. Due to reliabil

ity problems the Bendix turbine was modified in October 1982 with a constant speed drive train, 

and a 1.5 MW induction generator, SCE also tested some smaller units (Yinger 1983). By 1982 

PG&E began to operate a Boeing M O D - 2 , a two-bladed, 91-metre diameter wind turbine with a 

rated power of 2.5 MW. Boeing Engineering and Construction Company had developed the 

M O D - 2 under D O E contract. Carl Weinberg, by then manager of research and development at 

P G & E , recalls "The machine was a problem. It had gear breakages and all that kind of stuff. But 

we did a lot of tests on TV interference, noise, and avian impacts. There is a lot of data that came 

out. It was a tremendously successful R&D experiment, but a commercial failure. Too big, too 

fast." (Interview Oct 27,1995) 

48 In his book Dynamos and Virgins, David Roe (1984) gives a detailed eyewitness account of EDF'S 

role in advancing this issue. 

49 The ELFIN model was used to compare the long-term financial and economic effects of utility 

development of conservation and alternative energy sources, on a large scale, as opposed to the 

utility's planned central station coal and nuclear generating units. The results showed significant 

financial advantages to investments in relatively small-sized, short-lead-time projects, as com

pared to large, long-lead-time projects (Plummer 1985: ch. 17). 

50 c p u c Decision 91109, December 19,1979, p. 28. 

51 Quoted in Leary 1980: 219 

52 Lovins himself insisted that "the soft path can largely implement itself, if allowed to show its 

obvious economic and social benefits." (quoted in Frank 1978: 46). Groups sympathetic to the 

Brown Administration criticized its Lovins-like naive and inactive stance. In November 1979, for 

example, Alan H. Mirviss of SUNRAE complained that the "Government hasn't been setting an 

example." He argued that "The time has clearly come to stop paying lip service to these assured 
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renewable resources and start developing them." (quoted in Drager 1979: 393) David Roe of EDF 

made the same comment, but also signalled a change. According to Roe (1984:119) "Governor 

Brown preferred lifting his sights to wringing his hands, but his political advisers were telling him 

that the time had come when visionary comments to the press ... had to be reinforced with a state 

legislative package of concrete programs." 

5 3 Actually, the appropriate technology movement did not intend to cure the electric industry. As 

the saying goes 'one man's death is another man's breath,' the movement anticipated that a 

widening industrial crisis would compel the public to accept its ideas and act upon them. 

Ultimately, they wanted to get rid of the monopoly. Their rationale was that "The roots of many 

of out problems are ... in concentrated control by few over natural, technological, political, and 

economic resources." (OAT 1981: 4) 

54 In the pragmatic approach, the words 'soft' and 'appropriate' loose their original cultural 

meaning and ideological intent. These adjectives pointed at the oppositional culture of Appropri

ate Technology that challenged the hegemonic culture and technology. 

5 5 For PG&E, for example, reserve margins fell below 10 percent during the late 1970s, reaching 6 

percent in 1981 (CPUC 1993: 51). 

56 In 1980, the CEC sponsored a conference in Palm Springs to attract financial interest in commer

cial wind development (Gipe 1995: 32; Jan Hamrin. Interview Oct 25, 1995). 

57 Carl Weinberg. Interview Oct 30,1995. 

5 8 Afraid that their competitors would benefit from their R&D efforts, u s w manufactured wind 

turbines solely for its own use. Other wind companies were less frantic about protecting their 

technology. For example, two other major wind project developers, Fayette Manufacturing Corp. 

and FloWind Corp. (starting in 1983) both fabricated turbines for their own projects and offered 

their machines to other wind farm developers. 

59 Paul Gipe. Interview Nov 2,1995. 

60 John Obermeier, at the time wind energy specialist at the Office of Appropriate Technology, 

reveals that Ron Robie's involvement was strongly encouraged, and usw's plans were enthusiasti

cally received by borh his boss, the Secretary for Resources Huey D. Johnson, and Governor Jerry 

Brown. (Interview Jul 26, 1993.) 

61 In the early eighties, there still was a big difference between the two developments. While at the 

project-side of the wind business, for every two or three new wind farm developers, one project 

developer left the business, in the manufacturing business newcomers just added to the existing 

group of manufacturers (cf. CEC 1985). The fact that the 'turnover' in wind developers was higher 

seems to suppose that in the beginning of the eighties developing projects was more risky, than 

developing and selling wind turbines. 

62 In several ways economies of scale lower the energy cost per kWh. First of all, larger turbines are 

more cost effective from an operating view. Philip J. DiVirgilio, Director Wind Turbine 

Marketing of Zond Systems Inc. (Interview Nov 6,1995) explains that nowadays a two-man crew 

can operate and maintain a hundred turbines annually. It takes them the same amount of time, 

the same number of inspections they have to do, whether the turbines are 100 kW or 500 kW 

Secondly, the control equipment is also more or less independent of the size of the turbine. The 

same is to a certain extent true for installation costs, like high-voltage transmission lines, building 

roads, and groundwork. It should be noticed that economies of scale have an optimum that is 

site-specific, and depends on the technological state of the art. 

63 Paul Gipe. Interview Nov 2, 1955; and Jan Hamrin. Interview Oct 25,1995. 

64 Some of them, like the Texas-based firm Carter Wind Systems, and Enettech Corporation had 

been selling to residential applications during the 1970s. Their machines had been tested at the 

small turbine center at Rocky Flats. Moreover, Enertech had got some grants from the test center 

to improve and enlarge its turbines. The company had started off with a 1.8 kW machine, and 
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une nder the federal small wind systems program developed the 20 kW version of the Enertech E44, 

which was used in the wind farms in California in the early 1980s. Energy Sciences Incorporated 

(ESI) stands out as a bizarre example of a new firm that wanted to profit from the new market. 

The fact that the company was founded by five former employees of the Rocky Flats wind test 

center left a bad taste in the mouth of the tight wind community. Well informed about the state 

of the art wind turbine technology and acquainted with the market demand for larger turbines, 

the for mer public servants developed the biggest machine of the day, the 50 kW version of the 

ESl-54. This was followed by a 60 kW, and later on by a 80 kW version. Eventually around 1984, 

they came out with the ES 1-80, which was a 250 kW teetered machine, with two wood-epoxy 

blades, and a passive yaw system, and was designed by Sandy Butterfield. (Interview Paul Gipe. 

Nov 2, 1995.) 

65 To illusttate the state of the technology, this anecdote from Paul Gipe, who recalls what hap

pened when Zond Systems, Inc. installed its firsr four (40 kW) turbines in 1981 "They all failed 

immediately. ... The tutbines had a coupler between the gearbox and the generator. When they 

energised them, the coupler flew off the turbine. That's fast! There might be business reasons why 

these companies failed, but if you look at this kind of equipment, my God, you turn the electric

ity on and the windmill breaks." (Interview Nov 2, 1995.) 

66 Jan Hamrin. Interview Oct 25, 1995. 

67 Many manufacturers played 'liar's poker' by exaggerating their turbines' capacity (Serchuk 1995: 

250). Paul Gipe explains that a turbine, 10 m in diameter, is normally rated at 25 kW. He recalls 

that at the time, Fayette Manufacturing Corp. rated their 10 m diameter machine at 95 kW 

(Interview Nov 2,1995). 

68 Instead, reminded of the energy crisis by yet another oil supply shortage and another oil price 

increase, Congress enacted the Crude Oil Windfall Profits Tax Act. Among other things it 

increased the federal energy tax credit from 10 to 15 percent and extended the expiration date of 

the credits from December 31, 1982 to December 31, 1985. These measures provided both an 

additional financial incentive and added security for the investment community (Starrs 1988: 116-

117). 

69 These are the financial benefits from the credits alone. Lamar (1986: 23) stated that a $150,000 

investment would yield $75,000 in federal and state tax credits, $138,000 over five years from 

depreciation deductions, and $12,000 per year in revenues from the sale of electricity (Starrs 1988: 

note 246). 

70 This second problem had motivated Deukmejian's move. The eight-year Brown governorship 

had been a golden era for the special interests. Critics argued that the plethota of special provi

sions added to the tax system over the years had "increased the opportunities for tax evasion and 

cheating and at the same time given the many taxpayets the impression that the tax system is 

inequitable" (Walters 1983: 256). The new Governor thought it was time to begin looking 

seriously at tax loopholes as a way to gain revenue without further burdening all of the taxpayers. 

He singled out the solar energy tax credit, the fourth biggest special-interest tax break, as a test 

case (cf. Mirviss 1983). 

71 Subsequent efforts of the CEC eventually led to the adoption of Wind Performance Reporting 

System (WPRS) regulations in 1984. These regulations require all Californian operators with 

projects rated greater than 100 kW who sell electricity to a power purchaser to report quarterly 

performance and related project data to the Energy Commission (CEC 1992: 1). 

72 The c p u c decision describes SCE'S methodical efforts to manipulate independent power devel

opers into contracts which systematically priced the power substantially below the utility's 

avoided cost (Decision 82-12-055, December 13,1982, p. 255). 

73 Standard Offers 1 and 3 pay for energy and capacity on as-available basis; Standard Offer 2 pays 

for energy on as available basis, but unlike 1 and 3, the contracr pays fixed prices for capacity fot 
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up to 30 years. Standard Offer #1 was designed for intermittent technologies with relatively high 

delivery uncertainty, such as wind, run-of-river hydro, and solar. For a detailed description see 

for example, IEP 1993: ch. 3. 

74 Jan Hamrin, Executive Director of IEP at the time. Interview Oct 25, 1995. 

7 5 Idem. 

j6 See introductory quotes. 

77 First of all, the Supreme Court's support for PURPA was central to its success (Starrs 1988: 133). 

Those in the energy and utility industries who were hostile to PURPA had turned to the courts for 

relief as soon as the NEA had been passed in 1978. Two of these cases reached the United States 

Supreme Court: FERC v. Mississippi in 1982, and American Paper Institute, Inc. V. American 

Electric Power Service Corp. in 1983. Both decisions upheld the challenged provisions of PURPA 

(ibid. 129-134). The interim long-term contract eliminated much of the financial uncertainty that 

had held back initiative and investment by energy entrepreneurs. At the same time, the favour

able court decisions eliminated the remaining legal uncertainty, that had also stalled development 

of cogeneration and small power facilities. Secondly, a vibrant political atmosphere of lingering 

promise had triggered a part of the Californian temperament: the habit of speculation (cf. Starr 

1973: 67). The dream of independent power was a call to action. Hamrin (Interview Oct 25, 1995) 

remembers the excitement, "But boy, right in 81, 82, 83, you just had people walking up and 

down the streets. This really excited. The political context is so important, because if people 

believe that there is something good they can do and they can get money out of it, they will j ust 

flock in. That was sort of the basis of a lot of the success." In short, expecting to make their 

fortune, hundreds of people had been bursting with impatience to set up small power projects. 

Furthermore, independent power producers felt that this was a good time to set up projects, and 

realized that times could change quickly. The temporary character of both is 04 and the energy 

tax credits were uncertain factors. Finally, technological advances in the cogeneration market, 

coupled with decreasing fuel prices, increased both cost-effectiveness and project profitability 

under IS04 (CPUC 1993: 69). 

78 Jan Hamrin. Interview Oct 25,1995. 

79 Between 1983 and 1985, the utilities brought on line about 5,200 megawatts of new plant capacity. 

More than 3,500 megawatts of those additions came from the nuclear units, SDG&E added 

roughly 600 megawatts of nuclear capacity to its system during this period, while SCE added 

approximately 1,800 megawatts of additional nuclear capacity. Also PG&E'S 1,100 megawatt first 

nuclear unit at Diablo Canyon came on line (CPUC 1993: 73-74). It had encountered a farcical 

situation in late 1981 that had an effect on the credibility of nuclear power in the us second to 

that of the Three Miles Island accident. As preparations were being made to load fuel into unit 

one, thirteen years after construction began, it was noticed that diagrams showing the location of 

major pipework were incorrect - unit 1 had been built to the unit 2 design and vice-versa! (Evans 

and Hope 1984: 18-19) 

80 Jan Hamrin (Interview Oct 25, 1995) recalls the reaction of the C P U C when she informed them 

about IEP'S position, "They said 'Oh no, we could not do that. People would think we don't 

support these technologies'." 

81 About a year later, the Commission also suspended Standard Offer 2. This contract offered 

levelled fixed capacity payments for up to thirty years in return for a specified level of perfor

mance. For gas generators IS04 and S 0 2 looked very much the same. 

82 Paul Gipe earnestly declares that "There were so many suckers back then," and proves that the 

credits were subject to abuse by recalling the following amazing anecdote: "I went to one 

windmill in Tehachapi. I climbed at the top and there was nothing inside it! It had a big bolt that 

came out in front that had a big peace of wood on it. ... It was advertised in all the alternative 

energy magazines. They had people. You could call them up and talk to the engineers, and they 
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would tell you how great this windmill was!" (Interview Nov 2,1995) 

8 3 Two real-world examples illustrate this point. First of all, just like their American colleagues, the 

Danish manufacturers had a hell of a job to get their turbines out in time. Wind turbine pro

ducers essentially assemble turbines using 'standard' components delivered by supply companies. 

In the early days, manufacturers had problems building up a reliable network of suppliers. John 

Obermeier remembers that he was trying to repair the control system of six supposedly identical 

BONUS turbines. He was surprised to find six distinct control systems, delivered by six different 

companies (Interview Jul 26,1993). Secondly, similar to the U.S. turbines, the Danish machines 

did not even get close to their performance projections. The main reason for this was that the 

wind regime in California differed from the one in Denmark, where the turbines had been tested 

(Paul Gipe. Interview Nov 2, 1995). 

84 Paul Gipe. Interview Nov 2,1995. 

8 5 The product choices made by the California wind project developer Zond Systems, Inc. serve as a 

perfect illustration of this general trend (cf. CEC 1985). In the first two years, 1981 and 1982, Zond 

installed 118 turbines from two different American manufacturers, i.e. Wind Power Systems (78), 

and Carter (10). In the second half of 1982, they also tried out 10 turbines from the Dutch 

company Polenko, 30 turbines from the Danish company Windmatic, and 2 Danish Vestas-

turbines. The next year, Zond bought 15 Carter turbines, but stopped buying the Stormmaster 

turbines from Wind Power Systems. Instead, they bought one Dutch, 20 Windmatic turbines, 

and 155 turbines from the Vestas company. Finally, in 1984 the people at Zond had apparently 

made up their mind about which turbines suited them the most: they purchased 520 Vestas 

turbines for use in their wind farms, and installed 4 Polenko machines to check them out. 

86 Hap Boyd, Judicial Advisor, Lobbyist, at Zond Systems Inc. Telephonic interview. Nov 7, 1995. 

87 The notion of entrepreneurial modernization is a very comprehensive concept. It will show up 

several times in this book when we try to understand the development of wind energy in Califor

nia on the most general level (cf. §§ 5.3, 9.4)- Here, it suffices to say that in the context of this 

study 'entrepreneurial modernization,' with respect to the role of the state, refers to the fact that 

market-oriented ideas challenge the idea that an interventionist, planning state is the most 

suitable means for promoting the welfare of citizens. Privatization together with the introduction 

of competition are being taken seriously, and the belief grows that innovation is best guided by 

the 'coercive laws' of a deregulated market. 

88 Hulett made this statement in testimony before the FERC, in San Francisco, Mar 27,1987 

(quoted in Starrs 1988:135, note 221). 

89 Thomas W. Thompson, C P U C . Interview Nov 9,1995. 

90 Idem. 

91 The Assembly Member sponsoring AB 3995 was the Law Professor Byron Sher (D). Sher has been 

the intellectual, and legislative leader on environmental laws in California. 

92 AB 1090, adding Public Utilities Code Section 701.3, was sponsored by Assemblyman Tom 

Hayden (D). 

93 The title of this section is based on an analogy made by Paul Gipe (1995: 226) in his book Wind 

Energy Comes of Age between usw's claim that "its new technology would push wind below the 

magic $0.05 per kilowatt-hour mark," and vice president Thomas Riley Marshall's famous 

statement "that what the country needs is a good 5-cent cigar." (See also quotation at the 

beginning of this section) 

94 Carl Weinberg. Interview Oct 27,1995. 

95 Earl Davis, at the time development director of u sw, and later EPRI 'S manager of wind power 

integration, points out that "Utility ownership is cheaper because utilities, which have access to 

much more capital, can get lower financing rates than the smaller, independent developers and 

entrepreneurs, who are viewed as a riskier investment. In addition, because more middlemen are 



NOTES 307 

involved in financing the projects of independent developers, their up-front costs are greater and 

add to the total installed cost." (Lamarre 1992: 9) 

<)& Carl Weinberg. Interview Oct 27,1995. 

97 Eric Miller. Interview Oct 26, 1995. 

98 Carl Weinberg. Interview Oct 27, 1995. 

99 With constant-speed wind turbines the extra torque generated by wind gusts are absorbed by the 

drivetrains. The gusty nature of the wind in the Altamont Pass caused tremendous stresses on the 

gearboxes. Variable-speed models were expected to limit driverrain torque, and therefore to 

increase the machine's fatigue life. 

100 Quoted in Davidson 1989b. 

101 The initial R & D budget was about $20 million. The utility partners put in about $13 million. In 

total the project cost some $60 million (Eric Miller. Interview Oct 26,1995). 

102 Despite the fact, that at the time NREL was known as Solar Energy Research Institute (SERI) , 

only the modern name is used to prevenr confusion. The institute received irs current name 

around 1992. 

103 See note 64. 

104 A clear reducrion in costs of energy can be found from 1982 to 1988. In this period, the price was 

reduced to 45 percent of the 1982 figure (Petersen and Andersen 1995: 13). 

105 To the chagrin of Vestas, Zond hired its former managing director, Finn Hansen, to lead Zond's 

design program in 1993 (Gipe 1995: 82). 

106 Philip J. DiVirgilio. Interview Nov 3,1995. 

107 Eric Miller. Interview Oct 26, 1995. 

108 Idem. 

109 u s w won 140 MW of firm capacity. Since a capacity factor of 25 percent for wind was used in the 

bidding, this meant 560 MW of installed wind capacity. Zond won about 160 MW of wind power. 

110 Philip J. DiVirgilio. Interview Nov 3,1995. 

i n Eric Miller. Interview Nov 3,1995. 

112 Jan Hamrin. Interview Oct 25, 1995. 

113 In the c p u c ruling concerning this matter, a footnote was created that said that the Commission 

would reject any buy-out settlement that went beyond recovering the cost QF-developers had 

incurred, i.e. bid-preparation costs. Thomas Thompson. Interview Nov 9, 1995. 

114 Electric rates in California were up to 57 percent higher than the national average (cf. Savage 

1993: 35)-
115 Jeff Dasovich, C P U C . Interview Nov 17, 1995. 

116 Besides SCE and I E P , the California Manufacturers Association, and California Large Energy 

Consumers Association were involved in the M O U . 

117 The parties that signed the Framework are Utilities Consumer Action Nerwork, u c s , T U R N , 

Sierra Club California, Public Citizen, N R D C , E D F , CEERT, California Public Interest Group, 

California/Nevada Community Action, and AWEA. 

118 The Commission suggested that the standard only be in place for a period of two years, and was 

silent on whether the portfolio standard should apply to all retail sellers of electricity, or the 

regulated utilities (Lori Jablonski from CEERT. Personal correspondence. Apr 9,1996). 

119 Nancy Rader, who as a consultant for AWEA designed and lobbied for the RPS policy. (Personal 

correspondence. Aug 30, 1996.) 

120 Philip J. DiVirgilio. Director Wind Turbine Marketing of Zond Systems Inc. Interview Nov 3, 

1995-
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3 D e n m a r k : L i v i n g W i n d E n e r g y 

In 1940 there were about five hundred distribution companies, primarily owned by municipal 

enterprises or consumer cooperatives. Thirty years later, this number of electric utilities was 

reduced to 150 (DE F 1972a: 109). The distribution companies had their own area of supply, and 

were owners of the regional power companies (Olsen 1994: 2-3). 

The development in fuel consumption for the electricity production was guided by the principle 

of lowest possible cost. The price-relationship between oil and coal on the world market caused a 

tise of the use of oil to 80 percent in the early 1970s. 

Despite the increasing recognition of pollution in Denmark thete was little public debate in the 

1960s over environmental deterioration. Therefore, Jamison and Laessee (1990: 67, 73) character

ize this period in terms of an increasing 'cognitive dissonance.' For example, see quotes at the top 

of this section. 

The electric utility companies were also severely criticized for the visual impact the strongly 

growing number of pylons had on the Danish landscape (DE F 1971-19723: 5). 

Duiing the interbellum period, a cultural radicalism (kulturradikalisme) had developed in social 

circles of architects, artists, teachers etcetera that "was engaged in functionalism in architecture, 

sexual liberation, a new pedagogy based on non-authoritarion learning methods, an agitative 

form of art directed against militarism, capitalism, Nazism (and the bourgeoisie), and a broad, 

aggressive, but straightforward (and at the time important) propaganda for, what was perceived as 

the 'democtatization' of the society." (Fonsmark 1990: 143) They were not merely critical, but 

played an important role in the development of Danish cultural life. The best-known representa

tive of this tradition, the architect Poul Henningsen, provided a steady stteam of original 

contributions to the Danish public debate. After the early 1950s, the fight against consumerism -

and its corresponding system of mass production which is typified by aggressive marketing 

techniques and the search for profit instead of quality - became the main theme in his critical 

writings (ibid. 229). A second dominant theme of the radically otiented intellectuals was the 

protection of "the community against state power, and the rights of the individual against 

collectivism." (Jamison and Laessoe 1990: 69) They argued that since within the democratic 

practice people were powerless, they should otganize within a network of grassroots democratic 

subcultures to fight against collective control ovet individual affairs (cf. Fonsmark 1990: 228). 

Between 1966 and 1968, Denmatk had a socialist majority in the parliament for the first time in 

history. The so-called 'Red Cabinet' was suppotted by the Social Democratic Party and the 

Socialist People's Party (Socialistik Folkeparti, SF) . From 1968 to 1971, the three main liberal 

parties formed a majority government. This WTÄ-government consisted of the two conservative 

parties Venstre, the Konservative Folkeparti, plus the social liberal party the Radikale Venstre. In 

1971, again the Social Democratic Party took over the government (cf. Fonsmark 1990: ch. 4). 

According to the American anthropologist Steven M. Borish (1991: 214-215) four sets of "deeply 

cherished" related principles can be distinguished within the Danish cultural tradition: "(1) 

democracy and egalitatianism; (2) balance and moderation; (3) the Danish art of sociability as 

reflected in the concept oihygge; and (4) welfare and social responsibility." Concerning the 

Danish otientation towards the latter, he treats three components: "(1) the function of the 

inclusion principle as it is demonstrated in informal social intetaction, formal welfare policies, 

alternative grassroots welfare efforts, and the Danish political party system; (2) the Danish social 

conscience with its quick readiness to ctiticize perceived social injustice; and (3) the notion of 

bed, which can be traced back to the writings of N.F.S.Grundtvig." (ibid. 285) The term 

W i s a multidimensional one and cannot simply be translated. Max Lawson, an Austra

lian expert on Grundtvig, argues that "perhaps Peter Manniche's translation o{folkelighed as 

'community life that embtaces everyone' is helpful." (Lawson 1992: 118) This corresponds with 
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the way the Danish Cultural Institute defines folkelig cultural activities as "informal, amateur, 

and community based." (Himmelstrup et al. 1992:142) In a broader sense the term "is concerned 

with the preservation of identity, of a people's literature, poetry and a way of life." (Lawson 1992: 

118). 

8 Denmark delivers 175 members of parliament, Greenland and the Faroe Islands each have two 

representatives. 

9 After 1973, the leader of Venstre, Poul Hartling headed a one-party government, which was called 

the 'small'-Hartling government, because Venstre had only won 22 mandates. The Social Demo

cratic Party, lead by Anker Jorgensen, governed by itself with 53 and 68 seats in the Folketing 

between 1975 and Autumn 1978, and between November 1979 and September 1982, respecrively. 

The period in between, the social democrats formed a minority government with Venstre, the so-

called SK-government. After September 1982, four successive minority governments under the 

premiership of the conservative Poul Schlüter came. Between 1982 and 1988 the so-called 'Four-

Leaf Clover' (Firkkver) government reigned. This minority government consisted of the four 

bourgeois parties: the Conservative People's Party, Venstre, the Center Democratic Party, and the 

Christian People's Party. Ftom 1988 to 1990 prime minister Schlüter headed the ifVTJ-govern-

ment, which was a coalition between his own Konservative Folkeparti, Venstre, and Radikale 

Venstre. Finally, the Conservative Party governed together with Venstre until 1993. 

10 The name of the Radikale Venstre, which directly translared means Radical Left Party, is mislead

ing. Like the liberal Venstre Party (the farmer's party) it broke away from in 1905, its name 

testifies more to its history than to any recent political positions. During the last few decades, the 

Radikale Venstre can be typified as a social liberal party, which tends to be economically conserva

tive, while remaining progressive on ecological and peace issues (cf. Borish 1991: 293). 

11 In English: Nuclear power? No, thank you; and: We can say no thanks, without coming to lack 

anything. 

12 The Ministry of Trade threatened to interfere with electricity rationing, if the utilities failed to 

reduce electricity consumption on their own (DEF 1973-19743: 5). 

13 From 1975 until the second oil crisis, the proportion of the use of coal and oil within Danish 

power stations did not change. The sudden hikes in oil prices at the end of the 1970s, however, 

led to another increase in the use of coal, and the Danish electricity generating system became 

almost totally coal-based. The drastic fall of oil prices in the mid-1980s did not alter this situation 

(DEF I97i-I995a). 

14 OOA originated from a study circle that was otganized by Jens Brondum at his homeplace. The 

student priest had just rerurned from a visit to the United States, where he had seen that the new 

grassroots movements denounce problems concerning technology choice by setting up goal-

directed information campaigns (Serensen 1989: 49). 

15 Unlike the situation in California and the Netherlands, the Danish opposition to nuclear power 

was organized by only one organization: OOA. 

16 In 1995, five nuclear plants with a total capacity of 4900 megawatts were foreseen. The first 

nuclear plant was believed to be ready in 1985, and would generate about 15 percent of the Danish 

electricity production (HM 1976: 39). 

17 Folketingstidende 1976-1977, 1. Sämling, Forhandlingerne, p. 342. 

18 Bent Sorensen. Interview Nov 11,1993. 

19 The efforts on energy saving were the same in both plans until 1985. After 1985, the HM-plan 

aimed to stop these efforts. 

20 Niels I. Meyer had been president of the ATV since the mid-1960s. In this position, he had 

become an admirer of Jay W. Forrester (witness the fact that in 1968 Forrester received the 

Valdemar Poulsen Gold Medal from the Danish Academy of Technical Sciences), and friends 

with Forrester's associate Dennis L. Meadows (Niels Meyer. Interview Nov 9,1993). Forrester, a 
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professor at the Alfred P. Sloan School of Management of Massachusetts Institute of Technology 

(MIT) , is the founding father of the system dynamics approach. In the late 1950s, he had devel

oped systems dynamics as a means of helping to solve management problems in industrial firms, 

but soon came convinced that system dynamics could be applied to any kind of system, indus

trial, political or social. In the late 1960s, Forrester wrote a simulation model of the urban system, 

which was published in Urban Dynamics. In the meantime, a group of 30 scientists, educators, 

economists, industrialists, and government officials had formed the Club of Rome, which was 

looking for a suitable methodology for a project on 'the predicament of mankind.' The Club 

became charmed by Forrester's method, and funded his assistant Dennis Meadows to work on a 

world dynamics model. Meadows' project led to the publication in 1972 of the very influential 

book The Limits To Growth (Simmons 1973). In this report, a computer simulation model, 

termed the World Model, examined five main subsystems: population, industrial capital, food, 

nonrenewable resources, and pollution. Interrelationships were defined and then quantified using 

global data. As an indication of its complexity, the program had nearly 300 variables, and more 

than 300 feedback loops (Nalder 1993: 24). According to Forrester, people's mental models are 

inadequate when faced with the dynamics of such complex systems. Instead, the leader of the 

system dynamics group of the 1970s believed that the convergence of engineering techniques (e.g. 

feedback theory) and computers could be used to indicate both the source of our problems and 

some possible solutions (Simmons 1973: 193). The World Model was run many times for varying 

growth rates and resource levels, and showed remarkable consistent behavior- one of growth and 

catastrophic collapse. This doomsday forecast both provoked considerable criticism as well as it 

served as an eye opener for many people. Niels Meyer clearly belonged to the latter group, and 

the outlook of a global catastrophe made him decide in 1973 to take his sabbatical leave to study 

system dynamics and economics at Dartmouth College in New Hampshire, NE (Niels Meyer. 

Interview Nov 9, 1993). He also became politically active, and started to think about a scenario 

for a different society (Bent Sorensen. Interview Nov n , 1993). This ended up in 1978 with the 

publication Revolt from the Center {Oprorfra Midten), which he wrote togethet with two other 

prominent culture radicals - the philosopher Villy Sorensen, and the politician K. Helveg 

Petersen, a member of the Radikale Venstre (see Meyer, Petersen and Sorensen 1981). 

21 B. Maribo Pedersen, one of the members of the ATV Wind Energy Committee. Interview Apr 6, 

I99S-
22 It was clear at the beginning that a majority within the committee was in favor of wind energy. 

Meyer himself participated in the W E C . The chairman, Jean Fischer, had worked for Danalith 

A/S , a subsidiary company of F. L. Smidth & Co., a firm that had built and sold propeller-type 

wind turbines during the second World War. Furthermore, as a member of the Danish resis

tance, Fischet had developed a secret love for wind energy. He also favored a low-energy society, 

and was experimenting with designing a zero-energy house (Helge Petersen. Interview Mar 27, 

1995; Fischer 1979). Martin Jensen had provided the wind statistics during Juul's experiments in 

the late 1950s. Frede Hvelplund was a progressive economist from Aalborg University. Bent 

Sorensen, an engaged anti-nuclear physicists, was interested in wind energy as an alternative 

energy source (Bent Sorensen. Interview Nov 11,1993). Finally, B. Maribo Pedersen - a senior 

lecturer at the Danish Technical University, who had been involved in the research of wind 

generator rotors since 1974 - also thought that wind energy was a good idea (B. Maribo Pedersen. 

Interview Apr 6, 1995). 

23 During a two-week study trip to the United States and Canada in October 1975, the representa

tive of the utilities' joint research institute (Danske Elverkers Forenings Udredningsafdeling, D E F U ) 

within the ATV W E C , Mogens Johansson, became very impressed by the self-confidence of the 

American researchers concerning both their research program, as well as the future construction 

costs and the ideal size of wind power turbines (Johansson 1975). 
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24 The idea of putting up a station to test small wind turbine designs came from the only new 

member of the W E C , Helge Petersen, who worked as a civil engineer at the Riso nuclear research 

center. His background in the aircraft industry (he had previously worked for Skandinavisk Aero 

Industri A/S, a company that designed and manufactured small airplanes, and that in the 1940s 

was also involved in construction of the blades for the F. L. Smidth wind turbines), and his 'love 

for new things' had incited Petersen to construct some wind turbines after work. He assures me 

that these activities were supported by the director of Ris0. In 1978, he became the first project 

leader of the Test Station for Small Wind Turbines {Provestation for mindre vindmoller) at Riso. 

Driven by "the fun of cooperating," he also helped in the construction of the windmill at the 

Tvind folk high school by designing the rotor blades (Helge Petersen. Interview Mar 27, 1995). 

25 B. Maribo Pedersen. Interview Apr 6,1995. 

26 The original Danish text is quoted at the beginning of this section. 

27 Helge Petersen. Interview Mar 27,1995. See also note 24. 

28 B. Maribo Pedersen. Interview Apr 6, 1995. 

29 See DEF 1976b. 

30 The independent newspaper Information had been a central medium for the alternative political 

culture since the second World War, when it was started by the resistance movement (Jamison 

and Lsessae 1990: 79-80). 

3 1 Folketingstidende 1979-1980, Forhandlingerne, p. 10559. 

3 2 Folketingstidende 1979-1980, Forhandlingerne, p. 10570. 

3 3 Erling Olsen saw quality control and system approval as "a matter of finding the right balance 

between consumer and societal interests, and the fact that it should not absorb too much time 

nor money." (Folketingstidende 1979-1980, Forhandlingerne, p. 10573). 

34 Folketingstidende 1979-1980, Forhandlingerne, p. 10557. 

3 5 The Ministry of Housing initially became charged with implementing this law. Only, the next 

year the responsibility for the subsidy program was taken over by the newly established Ministry 

of Energy {Energiministeriet, E M ) . 

36 Folketingstidende 1979-1980, Spm. 1384 til handelsmin.: 13114 (Waldorff, vs) . August 24, 1979. 

37 Folketingstidende 1979-1980, Spm. 1238 til handelsmin.: 12903 (Berrnhard Baunsgaard, RV). July 

26,1979. 

38 See EM 1981. 

3 9 Finally in the Spring of 1985 it was decided by the Folketing to wipe the nuclear power option out 

of the Danish energy plans (cf. Wistoft, Thorndahl, and Petersen 1992:191). 

40 In particular, the door-to-door distribution of the information brochure 'Denmark without 

Atomic Power' (Brunsted et al. 1979) made the AE-plan well known to the public. 

41 The nuclear accident at Three Miles Island in Pennsylvania, USA (March 30,1976) 'helped' to 

strengthen opposition against the introduction of nuclear power in Denmark, and actualized the 

demand to close the Swedish nuclear power plant in Barsebäck. This claim was enforced by 

means of mass demonstrations in Copenhagen, which is situated some 20 kilometers from the 

nuclear reactor site (cf. Wistoft, Thorndahl, and Petersen 1992: 190). 

42 Bent Sorensen. Interview Nov 11,1993. 

43 Idem. 

44 A detailed analysis after the first energy crisis in the winter of 1973/74, n a c l motivated the Danish 

utilities to abandon the idea of exponential growth, and replace it by the somewhat moderate 

notion of linear growth. Therefore, "The forecast from November 1973 was the last forecast 

prepared on the basis of 'the natural law of power supply,' operating with an annual increase of 7-

8 percent." (Elkraft 1993a: 24). The second oil crisis also proved the assumption of linear growth 

to be wrong {ibid). In short, the convential belief in the linkage between growth in energy 

consumption and economic growth was not only contested for ideological reasons by 'limits-to-
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growth' advocates, but also challenged in a practical sense. It was exactly the broad acceptance of 

the undetermined character of the relationship that made it a policy object. 

4 5 In addition, the sense of isolation was enforced by the fact that the Test Station was placed at an 

outlying parcel of the large area that was covered by Ris0 (Dannemand Andersen 1993: 206). 

46 In those years the construction work for the new atomic research center in Riso had already 

started. The principal motives that led to the foundation of Riso were concern about future 

energy supplies, and the trend towards industrialization (Schmidt 1983: 4-5). Ris0 represented a 

prestige project from the Danish government, and although, or maybe just because, it was largely 

a symbol of high technology the Danish utilities showed absolutely no interest in its research 

activities during the 1950s and 1960s (ibid.). 

47 See quotes at the top of this section (SEAS 1987: 76). 

48 The project was financially supported by the U.S. Department of Energy. 

49 Although the initial development of GRP-blades proved to be too costly, it was expected that on 

the long run these blades would actually be cheaper, because glass fiber was thought to offer 

better possibilities for series production than other materials (DEFU 1979: 7). 

50 Folketingstidende 1985-1986, Spm. S 128 til energimin.: 1310-1311. 

51 This ad-hoc committee was established under DEF'S standing Committee for Administrative and 

Judicial Affairs in 1982. 

52 Established in 1980 by DEF to clear up the disputed settling rules (DEF 1980a: 12). 

53 See DEF 1984b. 

54 Folketingstidende 1983-1984, 2. Sämling, Beslutningsforslag nr. B 43, pp. 1792-1797. Proposed on 

February 24, 1984 by Lone Dybkja:r (RV), Bernhard Baunsgaard (RV), Larsen-Ledet (RV), and 

Helge Petersen (RV). 

55 It is interesting to note that the same man who wrote the marketing report, Danish Wind Power 

in the U. S. : Rapport om mulighederne for salg afmindre danske vindkraftanUg, that triggered the 

export to California, Claus Nybroe, had also published (together with Carl Herforth, one of the 

founders of OVE, and earlier of N O A H ) 5«» and Windin 1976, which had become a surprisingly 

popular book and had prompted many do-it-yourself activities in the field of wind energy in the 

second half of the 1970s. 

5 6 The Electricity Tax Law was submitted for the first time in 1974 by the liberal Hartling govern

ment, as it was thought to lead to large energy savings. The proposal was taken over in March 

1975 by the new SD government, and the Ministry of Trade proposed an electricity tax of 5 

0re/kWh, but the Folketing withdrew the bill. Two years later, the el-t2x again showed up on the 

political stage. A somewhat lower electricity tax of 2 0re/kWh proved acceptable to Parliament 

and became law in April 1977. 

57 Folketingstidende 1982-1983, Spm. S 40 til energimin.: 866-869; Spm. S 659 til industrimin.: 870-

871 (Cade, SF) . 

58 Folketingstidende 1982-1983, Spm. S 659 til min. f. skatter of afg.: 6720; Spm. S 1165 til min. f. 

skatter og afg.: 11132 (Kalnss, SF) . 

59 Particularly the wind power activities of communities could easily lead to a conflict of interests. 

For example, the city of Ebeltoft put up sixteen 55-kW wind turbines in June 1985, of which the 

surplus production would be delivered to the power company Midtkraft. At the same time, the 

community owned the local electricity distribution company, and in this capacity was an 

interested party within Midtkraft. This raised questions about whether Ebeltoft was entitled to 

receive the 50 percent investment subsidy for wind parks, which in principle was not available to 

power companies, and whether Ebeltoft could claim the tax exemption from Midtkraft (cf. 

Folketingstidende 1982-1983, Spm. S 1162 til energimin.: 11128-11132 (Kalnass, SF)) . 

60 See EM 1985. 

61 See EM 1985: 1. 
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62 The utilities had started the negotiations with the Ministry of Energy at 5 km (Karn0e 1991: 23). 

63 Paul Gipe. Interview Nov 2,1995. 

64 In 1984, the profit rate before taxation of the Danish wind industry was 11.7 percent. The average 

number for the total industry was 6.5 percent (Kjaer 1988: 19). 

65 Jan Svenson. Interview Mar 29, 1995. 

66 Idem. 
67 Philip J. DiVirgilio, Director Wind Turbine Marketing of Zond Systems. Inc. Interview Nov 3, 

1995-
68 Between 1985 and 1987, the total export value in dollars fell by 12 percent. Converted into Danish 

kroner it fell by 44 percent (Kjasr 1988: 24). 

69 Paul Gipe. Interview Nov 3, 1995. 

70 With respect to this point, overoptimistic estimation of wind energy content was the main 

culprit. The wind resource estimation and the siting of turbines were the responsibility of the 

wind farm developer, so the Danish manufacturers were not completely to blame for the optimis

tic performance projections (Stiesdal 1990: 28). 

71 Between 1979 and 1989 subsidies to the tune of 39 million dollar were granted to more than 2,500 

turbines. Well over 80 percent of these wind turbines were owned by investor groups. Since on 

average between 50 and 80 families make up a wind plant cooperative, the number of turbine-

owning Danish households at the time was well over 100,000. This comprises close on a quarter 

of a million Danes - one twentieth of the total population (see WindPower Monthly 1 (1990) 11). 

72 In 1990, Difko managed a total of 63 investor-owned companies, into which nearly 60,000 

Danish individuals had entrusted a cash sum. At the time, four out of the 9 wind farm projects in 

California that were operated by this finance institution made a profit, four made losses and one 

broke even (WindPowerMonthly 2 (1990) 15). 

73 Folketingstidende 1989-1990, Lovforslag nr. L. 8o, pp. 2200-2207. Proposed on November 29, 

1989 by the Energy Minister Jens Bilgrav-Nielsen (RV). 

74 Lov om garanti til vindmollebranches garantiselskab. Lovtidende 1989, Lov nr. 813, December 19, 

1989. 

75 Folketingstidende 1989-1990, Fothandlingerne, Ferste behandling af lovforslag til 

Vindmollebranchens Garantiselskab, December 6, 1989. p. 2923. 

76 Forslag til Lov om aendring al lov om statstilskud til udnyttelse af vedvarende energikilder m.v. 

(Godkendelse af vindkraftanla:g m.v.). Folkeringstidende 1989-1990, Lovforslag nr. L. 71, pp. 

1762-1782. Proposed on November i6, 1989 by the Energy Minister Jens Bilgrav-Nielsen (RV). 

77 At the time, Bonus and Vestas were designing a 750-kW and 1.5 MW turbine with a rotor 

diameter of 50 m, and 60 m, respectively, and Nordtank was also developing a megawatt-size 

wind turbine (0stergaard 1993: 14). 

78 Vestas was asked to build most of the moving parts (the hub, main shaft, and the yaw system). 

Bonus took care of the hydraulic system, K.K. Electronic delivered the control system, and the 

blade manufacturer I M Glasfiber constructed the three-bladed rotor (0stergaard 1993: 13). 

79 Seren Krohn. Interview Apr 7, 1995. 

80 Industrialized countries were supposed to halve the energy use per citizen in 40 years, and 

underdeveloped countries could raise their consumption per inhabitant by 30 percent. 

81 See EM 1990. 

82 Jens Bilgrav-Nielsen in his foreword to Energy 2000 (EM 1990). 

8 3 The technical options for reducing C 0 2 are energy saving (end-use savings, and improvement of 

conversion efficiency), fuel switching, renewable energy, nuclear energy, and CO., removal. 

Denmark had abandoned the nuclear option in 1985, and the option of C 0 2 removal and stotage 

(e.g. in exhausted gas fields) did not enter the debate. Therefore, only three options were left. 

84 Niels I. Meyer. At a lecture entitled 'Environmental implications of energy supply,' on March 14, 
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1995, as part of the Euroconference Sustainability Dimensions of Energy Policy, held at the Lyngby 

Landbrugsskole (cf. Meyer, Benestad, Emborg, and Selvig 1993). 

8 5 Seren S. Norgârd. Private conversation after a lecture given by himself entitled 'Central problems 

of energy policy,' on March 13, 1995, as part of the Euroconference Sustainability Dimensions of 

Energy Policy, held at the Lyngby Landbrugsskole (cf. Norgard 1993, 1994)-

8 6 Full title of the 20th March agreement: Afiale mellem regeringen og Socialdemokratiet om oget 

anvendelse afkrafivarme, naturgas og andre milj0venlige br&ndsler samt om eludbygningen i po'erne. 

87 To a great extent, the March 1990 agreement was an economic rescue-plan for the natural gas 

project that had started at the end of the 1970s but had become a large financial failure for the 

government. By both commanding the utilities to rebuild their coal-fired cogeneration plants to 

natural gas, and demanding an increased use of natural gas in their central plants, the government 

hoped to save the environment and to make the natural gas project profitable again (cf. EM 1990: 

99)-

88 Already at the end of 1988, the Ministry of Energy had put down a request for a follow-up 

agreement. In its reply, DEF had pleaded to interrupt the development of wind turbine parks 

(and cogeneration plants), and first study the technological and economic aspects of such a 

development (DEF 1989a: 11). As a result, the Ministry had established a working group to 

evaluate the first agreement, which published their conclusions in March 1990 (EM 1990). On 

October 15, 1990, the utilities entered into the second IOO-MW agreement. 

89 Jan Svenson. Interview Mar 29, 1995. 

90 Energy Minister Jens Bilgrav-Nielsen quoted in WindPower Monthly 2 (1990) 15. 

91 Idem. 

92 The Wind Turbine Siting Committee (Vindm0lleplaceringsudvalget) was established in January 

1991. 

93 Lundholt had a bad personal relationship with her predecessor Bilgrav-Nielsen. Jörgen Lemming 

reveals that 'Energy 2000' was taboo at the Ministry of Energy during her ministry (Interview 

Apr 6, 1995). 

94 Cf. Ny vindmollelovgivning. VEinformation 49 (December 1992) 20. 

Part Two The Political Game 

1 Peter Karnoe. Personal correspondence Sep 9,1996. 

4 A Theoretical Framework of Policy Change, Tradition and Learning 

1 According to Sabatier (1993: 26), in most policy subsystems, there will be two to four politically 

significant policy belief systems that are advanced by so-called advocacy coalitions (see below). 

Moreover, cultural theory's assertion that there are "Five and only five ways of life" (Thompson, 

Ellis and Wildavsky 1990: 3) - known as the 'impossibility theorem' - carries the same message. 

2 In other words, it is assumed that "public policies and programs incorporate implicit theories 

about how to achieve their objectives (Pressman and Wildavsky 1973; Majone 1980) and thus can 

be conceptualized in much the same way as belief systems." (Sabatier 1993: 17) 

3 Within Fischer's argumentative approach to policy belief systems, at the level of rational social 

choice, the dominant societal value system and social order are compared to philosophical alterna

tives in ways akin to Rawls' (1971) 'original position' or, for example, Habermas' (1970) 'ideal 

speech situation.' Here, a more cognitive approach is followed (cf. Hoppe and Peterse 1993: 34-36). 

Within the approach taken in this book, arguments at the rational social choice level will be re-
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garded as being deeply rooted within a nation's specific political cultural development (see below). 

4 Quoted in Graham 1995: 70. 

5 The approach to public policy analysis taken in this part of the book is strongly influenced by 

and builds on the work of Paul A. Sabatier (1987) and Hank C. Jenkins-Smith (1993, 1997), who 

have jointly developed the Advocacy Coalition Framework (ACF). Many concepts, e.g., the 

notion of policy-oriented learning, and ways of conceptualizing the policy process, e.g., the focus 

on policy subsystems, are borrowed from the ACF. Nevertheless, in this study an essentially 

different way of structuring beliefs and aggregating policy actors is used. The ACF proposes a 

belief structure that consists of three hierarchical layers that are arranged in order of resistance to 

change, degree of abstraction and scope (Sabatier and Jenkins-Smith 1997:19-20). A deep core of 

fundamental normative and ontological axioms is introduced that defines a person's underlying 

personal philosophy, and which applies to all policy subsystems. Then there is a near policy core of 

basic strategies and policy positions for achieving deep core beliefs in the policy area in question. 

Policy core beliefs concern a specific policy subsystem. Finally, there is a set of secondary aspects 

including a multitude of instrumental decisions and information searches necessary to implement 

the policy core in the specific policy area. These secondary aspects only concern a part of a 

subsystem. The ACF aggregates policy actors on the basis of policy core beliefs, and speaks of 

advocacy coalitions. Although Fischer's method of organizing beliefs is used in this book, one 

could argue that in this study deep core values are considered as the principal glue of politics. To 

avoid confusion about this manner of conceptualizing, we prefer to speak of ideological coali

tions, instead of advocacy coalitions. 

6 This can be compared with the distinction Hoppe and Van de Graaf (1989: 96-99) make between 

two ways or logics of approaching policy problems: a reflective and a practical aider. Policy 

makers who follow the reflective order view problems from an ideological and systems perspec

tive. Those who follow the practical order are guided by interpretative schemes that stem from 

processes of policy evaluation and monitoring, and experiences with implementation. 

7 If the outcome of the policy-making process were solely determined by interactive and integrative 

policy-oriented learning, political discourse would resemble what Jürgen Habermas (1970) calls 

an ideal speech situation in which "there is a genuine symmetry among participants involved, 

allowing a universal interchangeability of dialogue roles." (Bernstein 1976: 212) 

8 The words 'story line' (Hajer 1993), 'story' and 'policy narrative' (cf. Mitchell 1981; Kaplan 1986; 

Roe 1994) are used interchangeably in this book. 

9 In a more or less similar fashion, Roe (1994: 3) uses the term 'policy narratives,' which he defines 

as "those stories - scenarios and arguments - that are taken by one or more parties to the 

controversy as underwriting (that is, establishing or certifying) and stabilizing (that is, fixing or 

making steady) the assumptions for policy making in the face of the issue's uncertainty, complex

ity or polarization." 

10 As we saw, policy belief systems, by definition, offer a set of criteria to judge a cettain political 

situation and to guide political action. Policy narratives do not directly depend for their explana

tory power on one or more consistent sets of criteria. Story-lines may, therefore, comprise the 

power to (temporarily) rise above the various entrenched ideological positions. This argument is 

in line with Thomas Kaplan's (1986: 770) claim that "One important virtue of stories in policy 

analysis is that they provide another way - without having to agree on explicit criteria - to 

explain how we arrived at a current dilemma, what we should do to address the dilemma, and 

why a particular proposal about what to do is a good one." 
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5 Policy Change and Learning 

i Thomas W. Thompson, c r u e . Interview Nov 9,1995. 

2 Quoted in Hill 1968: 4. 

3 This is a prime example of what Thompson, Ellis and Wildavsky in their book Cultural Theory 

(1990: 263) call stolen rhetoric. 

4 Interview Gigi Coe. Nov 17,1995. 

5 These quotes originate from John McClaughry's preface to the 1989 edition of Schumacher's 

book Small is Beautiful (xiii). As President of the Institute for Liberty and Community in 

Concord, Vermont, as board member of the E.F.Schumacher Society in the U.S.), and as senior 

policy advisor for Ronald Reagan during his 1980 campaign and (what became terminal despair) 

through the first year of the Reagan White House, McClaughry serves as a prototype of an 

environmentally aware pro-market Republican (Schumacher 1989: xvi). 

6 Howard Allen of SCE, quoted in Roe 1984: 215. 

7 The utilities have always taken a half-hearted position within this alliance. In particular, N R D C 

played an important role in the second half of the 1980s to change this, and achieve the full 

cooperation of the private utilities, N R D C used the arguments as EDF in the 1970s. The environ

mentalists wanted the utilities to embrace conservation for bottom-line reasons. This implied that 

any new energy conservation program needed to be more profitable for the utilities than produc

ing new electricity supply. The utilities joined a dialogue, facilitated by the CPUC from August 

1989 through January 1990. The outcome of this so-called State-wide Collaborative Process was the 

reportai« Energy Efficiency Blueprint for California (CEC 1990), which spelled out the central 

principles and operating framework for a renewed drive for conservation in California 

(Mazmanian 1992: 208-209). 

8 The collaborative process involved fifteen stakeholders, including the utilities, environmentalists, 

consumers, industry associations and state agencies. Their report "An Energy Efficiency Blue

print for California" (CEC 1990) spelled out the central principles and operating framework for a 

renewed drive for conservation in California. Also included were specific programs that each of 

the major utilities pledged to carry out on its own. With only minor changes, the utilities took 

their conservation programs to the CPUC for approval, which was readily approved (Mazmanian 

1992: 208). 

9 CEERT represents the renewables businesses and EDF, NRDC, Sierra Club, and Union of Con

cerned Scienrisrs. 

10 The parties to this C P U C filing were the special interest group AWEA, the environmental groups 

u c s , Sierra Club California, N R D C , E D F , C E E R T , and the consumer organizations Utilities 

Consumer Action Network, T U R N , Public Citizen, California Public Interest Group, and 

California/Nevada Community Action Association. 

11 Dan Kirshner, E D F . Interview Oct 11, 1995. 

12 The primary interest of the renewables industry was to be sure thar it would get paid for existing 

generation. This short-term interest was especially promoted by CEERT. 

13 After a good deal of thought, Steven Borish (1991: 169) suggests the following Translation of 

Grundtvig's notion of vekselvirkning. "a balance between two things that remain different, but 

that should fertilize each other in their differentness." 

14 See Meyer, Petersen, and Sorensen 1981: 64. 

15 An interesting description about the development of the Danish model is given by Henning 

Fonsmark (1990) in his book, The Story of the Danish Utopia (Danish title: Historien om den 

danske utopî). 

16 J.S.Nielsen, one of the pioneers behind OOA, quoted in Jamison and Ltessoe 1990: 99. 

17 This long-term goal, to be established through a peaceful evolution, is described in the book, 
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Revolt from the Center (Danish title: Opwfra midten), one of the main political pamphlets of the 

cooperative coalition. It was first published in Denmark in February 1978 and gave rise to a 

heated political debate in the Danish mass media. The writers were physicist, Niels I. Meyer, 

Radical leader, K. Helveg Petersen, and cultural radical philosopher, Villy Sarensen (1981). 

18 In theoretical terms, the consistency of first and second order beliefs is the issue here. More 

specifically, the logical coherence between arguments on the level of situational validation and on 

the system vindication level is at stake. 

19 To a large extent this is owed to careful, thoughtful, and astute work by several researchers who 

were engaged with sustainable energy systems and alternative energy scenarios and planning 

systems. The Energy Group of the Physics department at the Technical University of Denmark 

at Lyngby (led by Jörgen Stig Nargard and Niels I. Meyer) is one of the best research groups in 

the world on efficient and sustainable energy futures. At Aalborg University (Ecology and Energy 

Group, Department of Development and Planning), an interdisciplinary group of scientists 

contributed to the energy debate, amongst whom Klaus Ilium, and Frede Hvelplund. Bent 

Sorensen from the Institute of Mathematics and Physics at Roskilde University stood out.. 

20 See subsection 6.2.3. 
21 In a similar way, the free town of Christiania - a complete alternative village near the center of 

Copenhagen, which symbolized the struggle for autonomy and self-determination of the 

alternative political culture - was officially accepted by the political establishment as a 'social 

experiment' (Jamison and Lœssoe 1990: 93). 

22 Soren Riishoj, former energy specialist of the Socialist People's party. Interview Apr 4, 1995. 

23 Niels I. Meyer. At a lecture entitled 'Environmental implications of energy supply,' on March 14, 

1995, as part of the Euroconference Sustainability Dimensions of Energy Policy, held from March 

13-24, 1995 at the Lyngby Landbrugsskole. 

24 See Schumacher 1989: 259. 

2 5 A third alliance between the public interest and communitarian coalition can be recognized. This 

can be named the democratic modernization alliance. It was short-lived. 

26 The fact that in both learning alliances the public interest coalition played a role affirms the 

flexibility of coalition behavior. 

6 Policy Tradition and Learning 

1 See quotation at the beginning of section 5.1. 

2 The national political culture is often regarded as a single political culture (Thompson, Ellis, and 

Wildavsky 1990: part 3). For example, American political culture is habitually related to liberal

ism in its 18th and 19th century meaning. Deregulation of the electric utilities would then be 

explained by the fact that Americans value individualism and equality of opportunity above all 

else and that they therefore distrust collective efforts promoted by government. For at least two 

reasons such an explanation is insufficient. First, it lacks an explanation of why there was and still 

is an extensive public effort within the electricity sector. Second, and as Robertson and Judd 

(1989: 2) argue, "American political culture has never been uniform in all times and places." 

Thompson, Ellis, and Wildavsky (1990) agree with this statement. They maintain that only by 

acknowledging that countries comprise competing political cultures, political culture can account 

for political change. The idea of a mix of competing political cultures in which certain political 

cultures lose adherents while others gain support makes it possible that the overall character of the 

national political culture changes. 

3 Some date the crisis of feudalism as early as 1300 (Hall and Gieben 1992: 81). 

4 In the area of the current United States, the Jamestown colony of 1607 in Virginia became 
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England's first permanent New World foothold. In 1620, fifty Pilgrims aboard the Mayflower de

cided to cross the North Altlantic Ocean in order to seek religious freedom in Virginia. After a 

sixty-six day voyage, however, the Pilgrims dropped anchor off Cape Cod, far to the north-east of 

the Jamestown, their intended destination, and founded the Plymouth colony in Massachusetts. 

Four years later, the Dutch bought Manhattan Island from the Indians that soon "harbored the 

drunken and profane of many nations, in sharp contrast to the piety of Plymouth." (Snell 1974: 

101) 

5 The Lockian (and Jeffersonian) idea that land could be appropriated by occupying and cultivat

ing it, also served to legitimize the white colonization of America (Achterhuis 1988: 98). 

6 Griswold (1948: 45-46) concludes that Jefferson's view of the small farmer as "the most precious 

part of a state," is "the classic American statement of the political theory of the family farm." 

7 In his philosophical novel Lila. An inquiry into morals, Robert M. Pirsig (1991) argues that the 

Indians were the real inventors of the American way of life. 

8 By the early 1870s, one five-hundredth of the Californian population held half of California's 

land (Starr 1973: 134-41). 

9 The Southern Pacific Railroad had brought in cheap Chinese labor to work on the transcontinen

tal railroad. Its completion in 1869 forced thousands of Chinese people to look for other kinds of 

work. Jobless whites came to blame the Chinese immigrants for their unemployment, and 

unfortunately, their demand for reforms went with hatred of Chinese workers (Harvey 1985: 15). 

10 Both in Los Angeles as well as in San Francisco, where labor for a time dominated the local 

government, Progressivism took on a somewhat anti-labor tinge (Hofstadter 1955: 241). 

11 Henry Ford personified this political belief. Harvey (1990: 125-126) explains that "What was 

special about Ford (and what ultimately separates Fordism from Taylorism), was his vision, his 

explicit recognition that mass production meant mass consumption, a new system of the 

reproduction of labor power, a new politics of labor control and management, a new aesthetics 

and psychology, in short, a new kind of rationalized, modernist, and populist society." 

12 To an extraordinary degree the work of the Progressive movement rested upon its journalism. A 

central role was played by the muckraker, a journalist who searched out and publicly exposed 

misconduct of politicians and business. Upton Sinclair was one of the outstanding figures of the 

muckrake era. In 1904, this socialist reporter-reformer published The Jungle, an exposé of the 

Chicago meatpacking industry (Robertson and Judd 1989: 51). After publication, sales of meat 

and meat products fell 50 percent. The meatpackers lobbied heavily for federal legislation to 

restore public confidence and to bolster exports. 

13 For example, Amory Lovins referred to himself as a Jeffersonian. At an antinuclear rally in 

Seabrook, New Hampshire, he once said "I have a déjà vu sense that these thousands of faces 

could very well be eighteenth-century Americans, fighting pretty much the same battles, perhaps 

in a different technical context. So many different forms of personal and community rights issues 

come together here as a common grievance with a common remedy. The energy and the ability 

of these people is very impressive. Of course my long-standing bias favors people like this who 

have taken the trouble to inform themselves. They are more sensitive, more capable of making 

wise decisions than a technocratic elite." (Frank 1978: 38) 

14 Carroll Pursed (1993: 636) puts it aptly when she concludes that, "Indeed, the culture of Appro

priate Technology, as it was expressed from the mid-1960s to the mid-1980s, was more than a 

little reminiscent of two constructions of masculinity which were widely adhered in the United 

States at the beginning of the 19th century: that attached to the republican gentleman, with its 

ideal of proportion and self-restraint, discipline of self and generosity toward others, and that 

associated with the independent producer, drawing pride of manliness from work, skill, the 

ownership of tools, self-reliance, and technical competence." 

15 The majot areas of land reform can be broken down into a fourfold classification (Borish 1991: 



NOTES 3 1 9 

125): (1) in 1787, the provision of secure rights to tenant farmers, (2) in 1788, the liberation of the 

tenant farmer from forced residence on the estate of birth, (3) the formalization and control of 

the forced work requirement, and (4) the fundamental reorganization of agricultural land use and 

residence patterns. 

16 The most prominent Danish scientist was the physicist H. C. 0rsted (1777-1851), who, in 1828, 

discovered electromagnetism. 

17 Dam (1983: 34) illustrates that Grundtvig could have employed the famous words of Abraham 

Lincoln (1809-1865) in the Gettysburg speech in 1863 about 'government of the people, by the 

people, and for the people.' 

18 The development of the consensus on the Danish model shows the Grundtvigian 'balance 

principle' at work. Borish (1991: 240) explains that, "One can observe in Danish society a set of 

attitudes and ways of acting that constitute a balance principle. ... Its influence leads Danes to 

view with tolerance the expression of a wide range of competing points of view regardless of the 

particular issue or context. It tends as well to bring potentially disruptive and divisive social 

events back into a less contested middle ground." In America exactly the opposite seems to be the 

case. Political commentator Oscar Garschagen remarks "The political culture in the United 

States is not destined for sensitive souls. The stake is high, and the game is played extremely 

rough." Louis Hartz's (1955: 59) comment on the glacierlike nature of American pragmatism also 

speaks volumes. "It has rested on miles of submerged conviction, and the conformitarian ethos 

which that conviction generates has always been infuriating because it has refused to pay its critics 

the compliment of the argument." 

19 It is important to note that, while these political arrangements, institutions and ideas genuinely 

struck root in various Western European countries, they didn't reach their full growth in the 

United States (see further). 

20 Statement by Edward A. Myers, Jr. (Vice President of SCE) at the IEEE Power Engineering 

Society (1974: 10-13). 

21 "The term 'populism' is a notoriously difficult term." (Taggart 1995: 36) For simplicity, the 

description in Webster's Ninth New Collegiate Dictionary (1990) - populism as the belief in the 

rights, wisdom, or virtues of the common people - is used here as a natural starting point for the 

discussion. 

22 In his book, American Exceptionalism, Seymour Martin Lipset (1996: 31) describes the American 

Creed in five terms: liberty, egalitarianism, individualism, populism, and laissez-faire. 

23 Fonsmark (1991: 339-341) explains that the honorary title of being folkelig was reserved to the 

grassroots movement (grœsrodsbevœgelse) - thus, to the 'soft' side of Danish populism - but that 

the Progress party in fact was "exactly asfolkelig as every other group." {ibid. 340) 

24 Already in 1820, Grundtvig wrote these lines: Og da har i rigdom vi drevet det vidt, nârfl har for 

meget ogfœrre for lidt. 

25 See Note 18. 

26 Quoted from March and Olsen (1989:103). Original reference: Finansministeriet (1983). 

Redegorelsetil Folketinget om Moderniseringsarbejdet i den Offentlige Sektor. Copenhagen: 

Danish Government. 

27 President Bill Clinton's move toward the conservative side that took form after the electorate, for 

the first time since 1955, had given control of both houses of Congress to the GOP in November 

1994, can be seen as a recognition that a shift in political setting has indeed taken place. Clinton's 

switch toward the current American political center was made explicit in his State of the Union 

speech at the end of January 1996, as he declared that "the era of big government is over." The 

'Neanderthal' Republican and House Speaker Newt Gingrich commented on it as follows "It 

struck me as a remarkable Republican speech. See how many things you can find in it that Bush 

and Reagan wouldn't have said." (Judi Hasson. Clinton: 'Finish the job.' He calls for balanced 
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budget, no shutdown. USA Today January 25,1996.) The fact that nowadays left-wing Democrats 

and right-wing Republicans desctibe the Ptesident as the first Republicmt also speaks volumes. 

(Oscar Garschagen. De eerste Republicraat. de Volkskrant 24 Augustus 1996.) 

28 Quoted in Meyer, Petersen, and Sorensen 1981: 186. 

29 It should come as no surprise that the Progress Party has continuously expressed its strong 

antipathy against government involvement within the field of wind energy. Already in 1979, the 

Fremskridtparti characterized the investment subsidy as 'an employment therapy,' and typified 

the development of wind energy as 'a socialistic development that undermines society.' Ten years 

later, the extreme right-wing party considered the Export Guarantee Fund as a 'pretext for doing 

nothing,' and argued that the wind industry should take care of itself. Finally, in 1992 it was the 

only party that opposed the Wind Turbine Law. 

30 A survey around the time of the 1973 election found 78 percent agreeing that "politicians 

generally care too little about what voters think." (Miller 1996: 143) 

3 1 See the statement of the Swiss Herman Broch at the top of this section. The quotation is taken 

from the book Revolt from the Center (Meyer, Petersen, and Sorensen 1981: 186). 

32 In particular, cultural radicalism is rooted within the Socialist People's parry and the Radikale 

Venstre. The s F had helped to establish the welfare system during the 1960s. The Radical party is 

one of the four 'old parties' that constitute the political establishment in Denmark. Through the 

years, the Radikale has tried "to hold the balance of power in the party system and to exercise a 

significant influence on the formation of Governments and on their politics." (Miller 1996: 62) 

33 In Chapter Two of The Cycles of American History (1986), the historian Arthur M. Schlesinger, Jr. 

puts forward the position that American politics passes back and forth between times of absorp

tion in private affairs and times of preoccupation with public issues. Schlesinger's conception of 

'the American political cycle' as "a continuing shift in national involvement between public 

purpose and private interest" (ibid. 27) seems in accordance with the fourth conclusion. 

Schlesinger (1986: 31-31) illustrates how his model fits the political history of the United States in 

the 20th century. "As the private interest of the 1920s had led to the public action of the 1930s, 

the 1950s now led into the 1960s and a new rush of commitment: Kennedy and the New Frontier; 

Johnson and the Great Society; the racial revolution, the war on poverty. ... By the later 1970s 

Americans were once more ... fed up with public action and disenchanted by its consequences. 

The compass needle now swung toward private interest and the fulfillment of self. The time 

received its appropriate names - the 'me' decade; the 'culture of narcissism.' The reaction reached 

its culmination in the age of Reagan in the 1980s." 

34 The above showed that sometimes such a cooperation is also beneficial for the established 

coalition for legitimacy and pragmatic reasons. Moreover, coalition politics within the frag

mented multiparty system of Denmark often imposes a compromising attitude toward the 

coopetative coalition. With respect to the field of wind energy, a former Radical MP explains that 

"as long as our requirements were moderate, they offered no problem within the big play." (Tage 

Drœbye. Interview Apr 7, 1995) 

35 In this sense, labels like Reagan and/or Republican Revolution are no exaggerations, but indeed 

point at a real fundamental change in political culture within the United States. 

7 A Theoretical Framework of Innovation, Tradition and Learning 

1 Callon et al. (1992) put a development pole between the technical resources and the market. 

What we define as the business pole is more or less the same as what Callon et al. mark as the 

development-commercialization pole. 

2 See quotation at the top of subsection 7.1.4. 
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3 Grin et al. (1997: 40) argue that at the lowest second order level, consumer preferences consist of 

opinions about hygiene, health, upbringing, et cetera. At the highest second order level, the 

preferred level of well-being and comfort for rhe family or household consumers are part of play a 

role. 

4 See also Grin and Van de Graaf (1994), and Eberg, Van Est, and Van de Graaf (1996). 

5 The authors talk of broader concept of feasibility testing. In its original sense, feasibility testing 

urged policy designers to look at the policy design from the point of view of members of the 

target group (cf. Hoppe, Van de Graaf, and Van Dijk 1987). It was a kind of backward mapping 

(Elmore 1980). 

6 According to Callon et al. (1992: 227), the introduction of the concept of the desired network is 

fundamental to their approach, since "it underlines the voluntarist nature of any programming 

and the irreducible uncertainty surrounding it." See quote at the top of this section. 

7 See the quote at the beginning of this section taken from Pressman and Wildavsky's classic 

Implementation (1973). 

8 Christopher Freeman, Bengt-Ake Lundvall, and Richard Nelson more or less independently 

began to use the term (cf. Dosi et al. 1988: Part V). The research work on N s is has culminated in 

the publication of the book National Innovation Systems, edited by Richard Nelson (1993). It 

provides derailed descriptions of the NSi of fifteen industrial market-oriented nations, including 

the United States (Mowery and Rosenberg 1993) and Denmark (Edquist and Lundvall 1993). 

8 National Innovation Traditions 

1 Ellul (1964: 47) explains the development of technical consciousness by the conjunction in time 

of five phenomena: "the fruition of a long technical experience; population expansion; the 

suitability of the economic environment; the plasticity of the social milieu; and the appearance of 

a clear technical intention." Ellul (1964: 59) sees the American accomplishment as the result of 

the exceptional flexibility of the American milieu. In other words, it was due to America's 

individualism. 

2 The international electricity exhibition in 1881 at Paris meant a milestone in the history of 

electrical lighting (Heerding 1980). At that time, no actual practical application of electricity 

existed, apart from telegraphy and electro-chemistry. The emphasis was on recent developments, 

like mechanical generation, telephony, and in particular lighting. For the incandescent lamp, 

Paris meant its first commercial promotion. The availability of the electric bulb was the main 

impulse to built power stations. After 1881, bulbs could be purchased at every place where a 

demand existed. In Paris, almost every electrical lighting system was exhibited. It was exactly the 

fact that Edison mastered all parts of the system that made such a big impression on the visitors 

(Lintsen etal. 1993: 138). 

3 Edison saw this as his greatest achievement. He recalled the venture in these words "The Pearl 

Street station was the biggest and most responsible thing I had ever undertaken. ... There was no 

parallel in the world ... all our apparatus, devices and parts were home-devised and home-made. 

What might happen on turning a big current into the conductors under the streets of New York 

no one could say. ... All I can remember of the events ofthat day is that I had been up most of the 

night rehearsing my men and going over every part of the system. ... If I ever did any thinking in 

my life, it was on that day." (Kingsford 1969: 132) The total capacity installed at the Pearl Street 

station was about 895 kW. In 1884, the power station counted 500 clients and 10,000 light bulbs 

(Lintsen et al. 1993: 138). Edison had a lot of success with his lighting system. At the end of 1882, 

already 153 small installations had been sold. In the same year, Edison also opened a station in 

London, and a year later, Milan became the first city on the European continent to have a power 

station. 
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4 The concept of the modern German university served as an example for the universities in 

America. In Prussia, the state reforms of 1806 had brought a new type of university. The starting 

point of this new type of university was its concentration on research and education, dissociated 

from practical application. In an ideal Socratic environment, curiosity and interest were to be the 

main motives (Van Dijk 1991: 25). 

5 Quoted in Hofstadter 1955: 309. Already in 1936, Keynes had published his controversial book 

The General Theory of Employment, Interest and Money. 

6 Total federal R & D expenditures (in 1930 dollars) rose from $83.2 million in 1940 to a peak of 

$1,313.6 million in 1945 (Mowery and Rosenberg 1993: 39). 

7 The advisory report concerning the postwar science and technology policy of Vannevar Bush 

(1945) to President Truman (1945-19 53) was titled Science: The Endless Frontier. 

8 Hirsh (1989: 116) reports that Electric and Westinghouse were eager to develop commercial 

nuclear power, but the utility industry hesitated at first, unwilling to become partners in an 

untested technology. Regardless, manufacturers continued performing R & D . "The final pushes 

came when the federal government subsidized R&D and fuel costs, when Congress passed 

legislation that limited liabilities in case of accidents (the Price-Anderson Act of 1957), and when 

the government permitted utilities to own nuclear fuel in 1964." (ibid.) The federal government 

provided subsidies totaling about $37 billion to the nuclear industry in the three decades before 

1980. 

9 E. F. Schumacher and D. Dickson are commonly regarded as the two godfathers of appropriate 

technology (Ravesteijn 1989: 4). Their definition of appropriate technology differed. Dickson 

(1974) argues that technology plays a political role. He relates modern technology to the class 

society of industrial capitalism and to the rational thinking of science. According to Dickson, 

Schumacher (1973) views technological innovation as a neutral process and his so-called inter

mediate technologies serve as a way to reinforce industrial capitalism. Therefore, Dickson warned 

that, "intermediate technology carried within its content the danger of small-scale capitalism, 

with the same inevitable negative consequences as does the current industrial technology." 

(Riedijk 1986:117) Here, Dickson's views are tentatively associated with the soft side of the 

Appropriate Technology movement, and Schumacher's ideas with its hard side. It should be 

stressed, however, that this distinction is not clear-cut. Besides inspiring many libertarians, Ernst 

Schumacher's Small Is Beautiful was also the bible of the communitarian coalition. 

i o Reagan's quote can be found in Working Together (1981), a book about the ideology of the 

Appropriate Technology movement, which was published by the Community Assistance Group 

of the California OAT in 1981. It again indicates the often ideologically confusing thin line 

between the hard and the soft side of the movement. 

11 The 'Third Italy' denotes north central Italy. The other familiar 'two Italies' are the northern 

Turin, Milan, Genoa industrial triangle and the backward Mezzogiorno. 

12 In his book The Affluent Society, John Kenneth Galbraith (1963) distinguishes between two 

sectors in the economy. First, the market system that includes smaller firms and farms, small 

independent craftsmen et cetera. Second, the planning system, which is dominated by big firms 

that control an ever-greater part of an increasingly restricted market. The production of these big 

firms is based on advanced technology, basic research and product development. These big firms 

often operare in concert with the state, which in many cases - and in particular in the military 

industrial sector - is the companies' largest customer. It is fair to say, that the techno-economic 

structure advocated by the liberal establishment corresponds to what Galbraith calls the planning 

system. 

1 3 This is related to Schumpeter's (1934) model of the innovation processes. Here, technological 

invention is seen as independent from the economic system. Thus, invention is conceived as an 

external parameter. It only becomes an innovation, when an entrepreneur picks up the invention, 
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and introduces it in the economic system. According to Smits and Leyten (1991: 284), 

Schumpeter's model, in combination with a supply-oriented view on innovation, and the idea 

that technology is ready-made, have constrained the technology policy of most Western indus

trialized nations in the last decades, and even up to now. 

14 This section is primarily based on an article by Kristensen (1989; see also 1995). This article is a 

result of a research project founded on the hypothesis that Denmark is an ideal social formation 

for studying the transformation from Fordism to flexible specialization, as its industrial sector is 

strongly dominated by small firms. Charles F. Sabel, who introduced the concept of flexible 

specialization, cooperated. 

1 5 These banks were led by the big Danish banker C. F.Tietgen (1829-1901), who, in 1857, had 

established Privatbanken. 

16 A huge number of distribution companies of widely different size own nine power companies 

that own the two regional power associations, Elkraft and Elsam. Apart from one, all distribution 

companies are municipal companies or consumer cooperatives. Thus, ultimately, the consumers 

own the electric utilities, and can influence the decision making process through representatives, 

who are either members of the municipal council or elected members of the board in the 

cooperatives. 

17 Cf. Meyer, Petersen, and Sorensen 1978: 162. 

18 This view dates back at least to Schumpeter (1950:101), who in Capitalism, Socialism and Democ

racy argued that "The monopolist firm will generate a larger supply of innovations because there 

are advantages, which though not strictly unattainable on the competitive level of enterprise, are 

as a matter of fact secured only on the monopoly level." Five factors favoring the innovative 

advantage of large enterprises have been identified in literature (Acs and Audretsch 1993: 25). 

First, large firms have more technological and financial resources. Second, only firms that are 

large enough to attain at least temporary market power will choose innovation as a means for 

maximization. Third, the larger firm is more likely to find an economic application of the 

uncertain outcomes from innovative activity. Fourth, scale economies in production may also 

provide scope economies for R & D . Finally, innovation yielding cost reductions of a given 

percentage results in higher profit margins for larger firms than for smaller firms. 

19 Acs and Audretsch (1993: 26-27) mention several reasons why smaller enterprises would be more 

innovative than large-size companies. First, small companies lack the institutional inertia of many 

larger firms that blocks daring ventures and thwarts innovative activities. Second, some smaller 

companies put innovative activity at the center of their competitive strategy. 

9 Unraveling Wind Energy Innovation 

1 This is the concluding sentence of the report of the late physicist Feynman to the Commission 

investigating the explosion of the Challenger rocket in January 1986 (Feynman 1988: 220-237). 

2 Harro van Lente (1993) coined the term prospective structure to emphasize that expectations play a 

major role in the development of technology, in the way that they help to interlock and 

coordinate activities and build up agendas. 

3 The examination in this chapter is inspired by, elaborates on, and relates to the life work of Peter 

Karnoe (1991, 1995,1996). He discerns two polar development strategies to wind turbine technol

ogy: a top-down and a bottom-up approach. Throughout Karnoe's work the terms 'top-down' 

and 'bottom-up' refer to different aspects of the innovation process. The small entrepreneurial 

wind firms that arrived in California and Denmark present the bottom-up strategy. The top-

down strategy is exemplified by the Federal Wind Energy Program (FWEP) and its Danish image, 

the joint Wind Power Program ( W P P ) of the Ministry of Trade and the utilities. The use of the 
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terms 'top-down' and 'bottom-up' seems to be the most discerning when applied to the knowl

edge strategies of technological communities. "The bottom-up strategy is based on principles of 

learning-by-experience and learning-by-using in which scaling-up is a slow and step-wise process 

(Rosenberg 1982). Scale effects are assured on each level by producing turbines in series for the 

market. In contrast the top-down strategy is based on planned research and development 

programs from which results can be transformed into principles for technical construction. In the 

top-down strategy the fundamental problem was defined how to determine the 'optimum' design 

and size, heading directly towards rhe final wind turbine." (Jorgensen and Karnoe 1995: 68) Used 

in this way, Karnae's distinction between the top-down and bottom-up approach to innovation 

corresponds to the distinction Hirsh (1989) makes between the design-by-extrapolation and the 

design-by-experience approach. When the terms 'top-down' and 'bottom-up' are used to 

characterize political and managerial aspects of innovation approaches they seem to become less 

appropriate. 

4 See quote from Rothwell and Dodgson (1993: 13) at the top of this section. 

5 Within the energy field, federal R&D programs to commercialize nuclear power, and - after the 

Arab oil boycott - synfuels received the highest political priority, and consequently were the most 

expensive national projects in civilian technology (cf. Lambright, Crow, and Shangraw 1988). 

6 During the 1960s, American policy makers had become worried about the fact that the nation's 

scientific institutions, in allowing theoretical interest to determine research priorities, had ignored 

issues of social and economic significance. In response to this concern, the mission of the 

National Science Foundation (NSF) was broadened from support of pure science to subsidy for 

science with direct commercial and social relevance. In 1969, the NSF launched the program 

Research Applied to National Needs (RANN) to provide a counrerpoint to its traditional focus on 

pure, scientist-managed science. Previously, NSF research had raken place almost exclusively in 

universities, but RANN attempted to integrate academic efforts with (large) industry and the 

Federal government's National Laboratories. By 1973, RANN had disbursed more that 200 

million dollars to over 1,200 projects, including the wind energy component of the NSF/NASA 

solar program (Serchuk 1995: 67). In the field of wind energy the funding of the WECS workshop 

in 1973 was of major importance. 

7 Mike McGormack, u . s . House of Representatives during the second WECS Workshop 

(NSF/NASA 1975: 77). 

8 Quoted from the Report of the Committee on Rotot Characteristics (NSF/NASA 1973: 214). 

9 The end of the Apollo program had forced NASA to look for a new challenge. Among other 

things it became involved in managing the large-scale wind systems part of the F W E P . 

I o The term statesmanship is frequently used to describe "that handful of industry leaders typically 

possessing strong technical backgrounds who have introduced much of the innovation into the 

electric utility industry." (March et ai 1982: 59) 

II To some players rhe wind energy development program was very convenient. For example, 

Boeing suffered from President Carter's closing of the B-I bombet project and faced lay off of 

engineers (Karnae 1993: 54). 

1 2 William J. Abernathy, Kim B. Clark, and Alan M. Kantrow (1983). Indusrrial Renaissance: 

Producing a Competitive Future for America. New York: Basic Books. Quoted in Hirsh 1989: 

187. 

1 3 John Mockovciak, Jr., manager Energy Systems of Grumman Aerospace Corporation during the 

panel discussion of the first WECS Workshop (NSF/NASA 1973: 233). 

14 The federal government had been particularly active within the field of nuclear power (see Note 

315). 
1 5 The CEC planned to use $80 million to construct eighteen large wind turbines, NASA/DOE spend 

about four times that amount on a handful of multi-megawatt machines (Gipe 1995: 72). 
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16 Daniel Ancona. Quoted in Serchuk 1995: 78. 

17 Jan Hamrin. Interview October 25, 1995. 

18 See F. D.R.'s quote at the beginning of this section (Hofstadter 1955: 307). 

19 See quote at the beginning of this section (Lerner and Ginosar 1978: 139). 

20 EDF talks of'out-businessing the businessmen.' (Roe 1984) 

21 The antinuclear activist Ed Salter, who build wind turbines for residential applications, fit the 

type of small entrepreneur that was thought to play a major role within the business pole of the 

communal innovation networks. Paul Gipe describes him as "not a real aggressive businessman, 

but a kind of an inventor type. ... He is dedicated. He is doing it because he thinks the world 

needs it." AJike other more growth-oriented entrepreneurs, the creator of the Storm Master, 

favored lightweight, flexible rotor systems (Gipe 1995: 180). The State of California bought a 

couple of his turbines for demonstration projects near state park visitor centers. 

22 The focal point within state government for assisting the solar industry in the maximum feasible 

commercialization was the SolarCal Office in the Business and Transportation Agency. 

23 This explains the relative popularity in the 1970s of refurbished second-hand windchargers. 

24 When in 1986 the debate about termination of the wind energy tax credits started again, the CEC 

(1986) had done its homework and came up with the report Solar and Wind Technology Tax 

Incentive Impact Analysis. 

2 5 Thomas W. Thompson, CPUC. Interview November 9,1995. 

26 Head of the tesearch program became Forrest (Woody) Stoddard, who had previously worked as 

parr of a helicopter design team. In the mid-1970s, he developed a graduate engineering course 

specialized in wind turbine technology. About thirty engineers came out ofthat program and 

were hired in many of the first companies (Karnoe 1993: 58). 

27 This can be considered as a forced learning-by-experience approach that started of at a high-tech 

level. 

28 Besides backward and forward vertical integration, horizontal expansion, and product diversifica

tion are common business strategies to control the dependency of industrial firms (cf. Pfeffer and 

Salancik 1978). 

29 This is commonly described in technology management literature as the goal of thirdgeneration 

R&D management (cf. Roussel, Saad, and Erickson 1991; Drejer 1996) 

30 From an American perspective this was coincidental. The Danish manufacturers were consciously 

looking for new markets. This was directly related to the controlled and small size of the Danish 

home market. The quest for export markets was stimulated and sponsored by the Danish 

government. 

3 1 The wind farm developer and manufacturer, Fayette, serves as a good example. In 1987, the 

company operated more than 1,400 self-made turbines with an actual capacity factor that was just 

one-sixth of the best performing American wind farm (Ros Davidson. Shaping up for a new 

future. Windpower Monthly 5 (1989) 14-16.) 

32 Most likely these actors had got acquainted during the 'Danish boom' in 1985 that had interest

ingly been inspired by the development of wind farms in California. 

3 3 This implied designing, developing, building, financing, operating, and maintaining utility-scale 

wind power projects with a minimum of 50 MW of generating capacity, but preferably not 

owning them. The California model that evolved out of the wind boom was the so-called wind 

power plant, which consists of hundreds of machines, all in one place, operated as if it was a 

single power plant. Because the wind power plant model looks like one power plant to a utility, it 

fitted neatly into the utility structure. In other words, the concept of a wind power plant was 

congruent with the beliefs of both the libertarians as well as the liberal establishment. 

34 For comparison, at the time electricity from a new coal-fired power plant cost about five cents per 

kilowatt-hour in the United States (Weinberg 1990: 148). 
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3 5 Carl Weinberg explains that "usw's innovation efforts stimulated D O E to do a cooperative 

program with other wind developers to develop the next generation machine, u s w fought this 

very hard. To some extent I don't blame them. Why should the government give their competi

tors money to compete gainst them?" (Interview October 27, 1995) 

3 6 This implied that wind-generated electricity would be cost-competitive with electricity from coal-

fired plants (see note above). 

3 7 On hindsight one might say that u s w was blinded by its own free-market rhetoric. Only in 1995 

after the firm had experienced the financial benefits of the production tax credit, the company 

fought its imminent repeal. Interview Nancy Rader. November n, 1995. 

3 8 Repeatedly u s w told "that its competitors were a distant second in market realism and in 

keeping costs down." (Ros Davidson. A New Start. Windpower Monthly (June 1996) 4.) 

39 Philip J. DiVirgilio. Interview November 3, 1995. 

40 The feeling on the part of the renewables companies that their interests were secondary within 

the Independent Energy Producers Association ( IEP) to that of the gasfire industry, was one of 

the reasons to start CEERT in 1990. Interview V. John White (Executive Director of CEERT) . 

October 17, 1995. 

41 A few years before the bankruptcy, the President and CEO of u. s. Windpower, asked himself 

"What will happen to renewable energy sources as the global energy economy shifts from a 

regulated to a, command-and-control structure to one that features competition and 

privatization?" His answer was "The prevailing view is that renewables will wither away in these 

new, open markets - unable to compete. Once again the conventional wisdom is often stated, 

widely accepted - and wrong. We see the move to privatization and an open, and competitive 

energy economy as reasons for optimism, not pessimism." (Alderson 1994:1) 

42 Glenn Ikemoto quoted in Serchuk (1995: 235). 

43 Paul Gipe illustrates this difference in business culture. "If typical European businessmen are 

sitting around a table with a big pile of money on it, everyone would take his share and if there is 

some money left over, it would be divided up. But, with American firms like U.S. Windpower 

the situation would be quite different. In that case, all these businesspeople are sitting around, 

and Gerald Alderson (former President and CEO of U.S. Windpower) would go 'This is mine! 

Thank you very much and have a nice day."' (Interview November 2,1995) 

44 See Kja:r (1988) and § 3.4.5. 

45 Ejvind Larsen. Super Bowl som samfundsmodel for SF (The Super Bowl as a model of society for 

the Socialist People's Party. Information. January 26-27, V^- Quoted in Borish (1991: 261). 

46 The Danes had ample experience with civilian technology projects. The nuclear power program 

at Riso was an exception to this rule. However, while NASA was super confident after the Apollo 

project and adored by the American people, Riso experienced a real identity crisis as caused by 

the antinuclear movement and the resulting change in public opinion. 

47 This was not merely a positive choice. The Danes had initially hoped to buy either ready-made 

blades from American manufacturers or computer design codes. For lack of financial resources, 

the Danes were forced to rely on their own technological resources. Helge Petersen. Interview 

March 27, 1995. 

48 Helge Petersen. Interview March 27, 1995. 

49 According to Beck (1997: 103) "Subpolitics is distinguished from politics in that (a) agents outside 

the political or corporatist system are allowed to appear on the stage of social design (this group 

includes professional and occupational groups, the technical intelligentsia in companies, research 

institutions and management, skilled workers, citizen's initiatives, the public sphere, and so on), 

and (b) not only social and collective agents, but individuals as well compete with the latter and 

each other for the emerging power to shape politics." 

50 Between 1974 and 1990, Karnoe (1991: 248) discerns five stages within the development of the 
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Danish wind turbine industry: a grassroots period (1974-1979)> an early industrialization phase 

(1980-1983), a forced industrialization phase (1984-1985), a time of crisis (1986-1988), and a period 

of stable growth (1989-1990). 

51 Participation on the local level represented an essential second order element with the policy 

belief system of the cooperative coalition. 

5 2 The German sociologist Ferdinand Tonnes distinguishes between "Gemeinschaß and Gesellschaft 

— that is, between a traditional, small-scale, face-to-face community resting on a universal sense of 

solidarity and a modern, rationalistic, impersonal society resting on self-interest." (Putnam 1992: 

114) 

53 In anticipation of possible developments within the business pole of this network, the Danish 

government had taken two main actions. First, in 1976, the ATV-committee had recommended 

the establishment of a test facility for small wind turbines as part of the government's W P P . 

Second, in August 1977, the cooperative coalition had stipulated for the introduction of an 

investment subsidy on renewable energy technology the moment a sufficient level of industrial 

activity would justify the use of such a market stimulation instrument. In 1978, the Test Station 

for Smaller Turbines was actually set up at RJS0 National Laboratory, and the market subsidy law 

came into force in the autumn of 1979. 

54 FDV and Ebbe Johansen (1982). Danish Windpower. In: Proceedings Wind Energy Expo 1982 

and National Conference AWE A. Amarillo, Texas. October 24-27, 1982. pp. 62-64. 

5 5 At the time the ATV-committee proposed to set up a test facility, it was expected that such a Test 

Station would mainly be dealing with those kind of stand-alone heat producing wind turbines 

(ATV 1976: 35). Supporting wind turbines that worked independently from the grid was not 

directly at odds with the established coalition's preference for a centralized electricity generation 

system. When the Test Station started, however, power producing wind turbines that could be 

connected to the public grid were becoming increasingly popular. 

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 wind turbine was substantially lower than that of a 

small one, it was more economic to collectively buy and own a turbine. 

57 Some folk high schools even set up courses like 'Wind Energy: Theory and Practice.' Steven M. 

Borish (1991: ch. n) describes his personal experiences with attending that course at the progres

sive folk high school in Kolding. 

58 This was also promoted by the fact that these small firms simply neither had the financial nor the 

technical resources to follow a more sophisticated and expensive design-by-extrapolation 

approach. 

5 9 The grid-connected electricity generating cooperative wind turbine took the place of the wind 

rose as the most popular turbine. From a political point of view one could say that whereas the 

wind rose was a pure or typical grassroots technology, the power producing wind turbines that 

could be connected to the grid represented an ideologically hybrid form of technology. On the 

one hand, this hybrid supported local involvement and decentralized decision-making, and thus 

strengthened the beliefs of the cooperative coalition. On the other hand, it made wind turbine 

owners dependent on the existing centralized grid, or better, the existing technological system, 

which embodied the political ideas of the established coalition. The appearance of a hybrid 

technology, therefore, was a double-edged phenomenon. For the pragmatic sides of both 

coalitions the grid-connected wind turbine represented a potential compromise or even synthesis. 

In contrast, for sectarians such a compromise represented a threat to their firm belief in either a 

completely centralized or decentralized electricity system. The main course of the development, 

however, was guided by pragmatic coalitional behavior The pragmatic sides of both coalitions 

came to back the development of the electricity-producing grid-connected (medium-sized) wind 

turbine. This hybrid technological concept elicited the political cooperation between the two 

coalitions. 
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60 The fact that the government policy kept the Danish market small enticed companies like Bonus, 

Nordtank and Vestas to look for new markets. 

61 A journey to California in 1985, sponsored by the Technology Council, to interest new firms in 

marketing abroad (Karn0e 1991: 219) illustrates that Danish policy makers were not aware of the 

market situation in California. A 'positive' outcome of this trip would have increased the ongoing 

strong competition among Danish wind turbine manufacturers. As seen, this would have lowered 

the profits of the wind industry that already were decreasing to a dangerously low level. This well-

meant, but counterproductive effort illustrates the ignorance of the Danish government with 

respect to wind turbine market in the United States. 

62 Cf. §§8.2.2-8.2.3. 

63 Cf. §6.3.3. 

64 Cf. § 6.4.2. 

65 Cf. §5.2. 

66 Along the same line of reasoning, Hajer (1993: 56) claims "a story line provides the narrative that 

allows the scientist, environmentalist, politician, etc., to illustrate where his or her work fits into 

the jig saw." 

67 The three investor-owned utilities' investment in conservation grew from $ 31 million in 1980 to 

just over $ 107 million in 1985 and achieved energy savings of about 12 billion kWh (cpuc 1993: 

72). 

68 The overcapacity was due to the fact that together with third-party generators nuclear plants had 

come on line (see e.g. § 2.4.3). 

69 In § 5.1.7, we showed that the BRPU proceeding can be seen as a complex political compromise 

within and between the sustainable-grow-and-build alliance and the regulated competition 

alliance. 

70 Jan Smutny-Jones. Director IEP Association. Interview October 31,1995. 

71 In 1993, cogeneration power plants provided some of the least expensive electricity serving the 

State of California, costing ratepayers 3-6 't/kWh (IEP 1993: 2). This compares to average 

electricity rates for PG&E and SCE of over 10 <t/kWh. This high cost is mainly due to fact that 

electricity from California's nuclear power plants is extremely high. For example, in the same 

year, electricity from the nuclear power plant Diablo Canyon cost 11.4 f/kWh (Ferguson 1993: 1). 

72 At the time, the radical side of the public interest coalition and the pragmatic wing of the 

libertarian coalition formed the so-called regulated competition alliance. 

73 Ironically, it was exactly the same rapid innovation process that was nurtured within the flexible/ 

cooperative windenergy network in Denmark that caused the California export experience to 

become a financial disastet. On the regional, low-competitive, and gradually developing Danish 

home market, cooperative R&D worked and prepared the Danes from a technological perspective 

- not from a managerial point of view! - foi the export market. On the rapidly growing, highly 

competitive California export market, Danish firms came to compete each other on the basis of 

product technology. In this case, technological cooperation overheated the process of creative 

destruction and almost caused the elimination of the Danish wind turbine industry. 

10 T h e I n t e l l i g e n c e o f I n n o v a t i o n 

1 The section's title refers to Charles E. Lindblom's (1965) classical study The Intelligence of 

Democracy. 

2 Since wind energy is becoming more competitive this condition is weakening. At this moment, 

however, wind energy still needs some governmental support. 

3 This explains the title of Chapter 3 'Denmark: Living Wind Energy.' 
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4 Another way of putting this is that in Denmark the isolation of the hard side of populism caused 

the inclusion of the soft side of populism. In California, the inclusion and dominance of the hard 

side of populism led to the exclusion of the soft side of populism in the early 1980s. 

5 Quoted in Graham (1994: 72). 

6 This partly explains the title of Chapter 2 'California: common sense wind energy.' 

7 When we follow Touraine's (1997:189) argument that "democratic politics attempts to promote 

intervention so as to protect the weak from domination of the strong," we must notice that on 

the energy policy subsystem level the stimulation of an entrepreneurial mode of innovation 

should be regarded as highly democratic. 

8 For example, since 1982, the independent power industry supplied about fifty-six percent of all 

new generation brought on line in California (CPUC 1993: 123). 

9 Jan Smutny-Jones. Executive Director I E P . Interview Oct 31, 1995. 

10 Text from the title track of the CD De Onderstroom (The Undercurrent) by Stef Bos (1997). In 

English: "The undercurrent, that no one sees, defines the direction in every field." 

11 Beck's words echo the insights of Marx. In the revolution year 1848, Marx expressed in The 

Communist Manifesto that "The executive of the modern State is but a committee for managing 

the common affairs of the whole bourgeoisie." (McLellan 1971: 192) 

12 Italics added. 

13 Widening the scope of public innovation policies brings along the need for a more sophisticated 

view on what defines the success of innovation. The network approach makes it clear that the 

success of, for example, wind energy innovation policy cannot simply be determined by the 

number of megawatts installed per year. One could easily draw up a list of qualitative and 

quantitative measures of success for the development of each network pole. With respect to the 

science and technical poles one might, for example, think of indicators like financial commit

ment to R&D, levels of skills of personnel, quality of the education system, innovation rate, 

product range, advancement of the quality control system, expectations with regard to the long-

term viability of the utilised technological concepts, et cetera. With respect to the production 

pole, the amount of turnover and profit rates, quality of the management of manufacturing, 

change in market position, viability of the market strategy may be usable indicators for innovative 

success (cf. Dodgson and Bessant 1996). The user will probably see the cost of wind power, the 

noise wind turbines make, quality of service and maintenance as important criteria for success. 

Such a list of criteria originates from the beliefs of the various players involved in the innovation 

network. 

14 With tespect to joint innovation learning, all that glitters is not gold. High expectations in 

defiance of facts or a lack of knowledge with respect to the capability of other innovation actors is 

probably one of the main forces that drives innovation. Ignorance, therefore, often plays a vital 

role in innovation, especially during its early phase. However, as the innovation process carries 

on, too high expectations will be thwarted, and ignorance or a lack of information will readily 

prove to be counterproductive. It is exactly the interactive nature of innovation that, once it is 

going, requires joint innovation learning of all involved actors. 

15 See Wildavsky's quotation at the top of this subsection. 

16 The issue of the democratic monitoring of innovation will be treated in somewhat larger detail in 

the next subsection. 

17 In general, one could argue that too strong regulation combined with too weak stimulation 

hampers techno-economic innovation. In this situation, public policy is likely to become 

symbolic action and, as a result, its democtatic quality will diminish. Too strong stimulation 

combined with too weak regulation will probably lead to a lot of matket activity. The democratic 

and techno-economic quality of the resulting innovation will be highly uncertain. Policy makers, 

in fact, hand in the primacy of politics, and give away democratic guidance to the market. It is 

impottant to strike the right balance between government stimulation and regulation. 
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11 Wind Energy Futuribles 

i The Progressive conservation movement that emerged in the late nineteenth century in reaction 

to reckless exploiration of America's natural resources represented the first wave. The Sietra Club 

and the National Audubon Society were established during that period. Dunlap and Mertig 

(1992: 1-3) name the 'wilderness movement' during the 1950s the second wave of conservationism. 

For the sake of convenience, Dowie (1995: 106) leaves out that episode and points to the publica

tion of Rachel Carson's Silent Spring (1962) as the beginning of the second wave (which logically 

represents the third wave within the tetminology of Dunlap and Mertig). 

2 Lori Jablonski. Interview Ocr 17, 1995. 

3 Carl Weinberg. Interview Oct 27,1995. 

4 Idem. 

5 These ate the five elements of the new energy paradigm as identified by Lee, Ball, and Tabors in 

their book Energy Aftermath (1990). 

6 See the statement of Ejvin Beuse at the top of this section. 

7 Tage Drasbye, was MP for RV in the early 1980s, and is currently the chairman of the Technical 

Committee for Wind Power under rhe Energy Agency (Energistyrelsens faglige udvalgfor 

vindkraft). Interview Apr 7, 1995. 

8 One of the largest joint projecrs is a wind farm near Avedore Holme near Copenhagen. The 

project consists of twelve 300-kW turbines, of which half is owned by the wind turbine cooper

ative Avedore Vindkraft 1 /s . The expected yearly electricity production of these six turbines is 

about 3,500,000 kWh (Hagensen 1992). 

9 For example, the average Danish household consumes about 2,000 kWh. Since shateholders are 

allowed only to have shares up to 150 percent of their own electricity use, the wind turbine 

cooperative described in the above note, needs more than one thousand members. Thus, an equal 

share within a similar project with I -MW turbines will already require more than three thousand 

participants. 

10 Formerly, only people who lived within either the community in which the wind turbine is sited, 

or within the neighbouring community wete allowed to buy a wind turbine share. Nowadays, 

also people who have lived at least two years wirhin the last ten years within the community, or 

neighbouring community in which the wind turbine is sited are allowed to own wind shares. 

Moreover, nowadays every adult (and not like before every household) may buy wind shares that 

cottespond to a yearly power producrion of 30.000 kWh. 

11 The former chairman of FDV, Birger T Madsen (1993) drew this historical analogy on the 

occasion of DV'S fifteenth anniversary. 

12 Helge Petersen. Interview Mar 27,1995. 


