
FEDERAL GIANTS 

and 

WIND ENERGY ENTREPRENEURS 

Utility-Scale Windpower in America 

1970-1990 

by 

Adam Harris Serchuk 

Dissertation submitted to the Faculty of the 

Virginia Polytechnic Institute and State University 

in partial fulfillment of the requirements for the degree of 

Doctor of Philosophy 

in 

Science and Technology Studies 

APPROVED: 

Kichad k blk. 
Richard F. Hirsh, Chairman 

1 

| a | OR Badoer 
fe Wejfitere Peter Barker 

Rha El buefy Alanon, 
Saifur Rahman Ellsworth Fuhrman 

January 27, 1995 

Blacksburg, Virginia



FEDERAL GIANTS AND WIND ENERGY ENTREPRENEURS: 

UTILITY-SCALE WINDPOWER IN AMERICA 

1970-1990 

by 

Adam Harris Serchuk 

Graduate Program in Science and Technology Studies 

Virginia Polytechnic Institute and State University 

Graduate committee chaired by Dr. Richard F. Hirsh 

(ABSTRACT) 

In 1994, the use of wind turbines for electricity generation verges on economic 

respectability. Two contradictory trends have prepared a fertile niche for utility-scale 

windpower. The introduction of "deregulatory," competitive principles onto the electric 

industry fostered a non-utility generating sector relying on unconventional technologies. 

Simultaneously, policy-makers using "hyper-regulatory" tactics to pursue social goals such as 

reduced pollution pushed utilities to include renewable energy in their resource plans. Both 

tendencies advanced windpower. 

By comparing the Federal Wind Energy Program (FWEP) to California’s 

entrepreneurial windpower industry, this dissertation argues that windpower constituted a 

conservative addition to the American electric utility system, rather than a radical challenge 

to it. True, venture capitalists producing and delivering windpower to the nation’s 

transmission grid challenged the utilities’ financial control. But participants in the 

windpower story have constructed a version of windpower largely compatible with the 

electric system. 

The most notable products of the FWEP--multi-megawatt wind generators--proved 

too complex, too expensive and too unreliable for their environment. Windpower 

entrepreneurs, by contrast, devised smaller machines better suited to the market. Equally 

important, regulatory support shielded the windfarms from the political and economic 

turnabouts that scuttled the ambitious FWEP, which relied completely on ephemeral Federal



patronage. Today’s wind entrepreneurs present their technology as a cost-effective addition 

to the conventional generating system, rather than as a social tool dependent on government 

support for environmentalism. 

But the story of windpower does not constitute a self-contained drama. In addition 

to pitched negotiations over wind energy, the story implicates the changing utility industry, 

shifts in global energy politics, and emergent environmentalism. The windfarms’ "success" 

and the FWEP’s "failure" frequently depended on actors’ ability to exploit or insulate 

themselves from events unrelated to windpower itself. Thus, the dissertation binds first- 

person accounts from participants in the windpower story to strands of larger histories, 

recounted through periodical and secondary literature. The dissertation speaks to historians, 

sociologists, energy managers, policy-makers and members of the community of "science 

and technology studies." Ultimately, it aims to produce a tool for the actors and policy- 

makers it describes.
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LARGE MODERN AMERICAN WIND TURBINES 

MOD-0: 100-kW FWEP "test bed" built by NASA and installed at NASA’s Plum Brook 

Station near Sandusky, OH, in 1976. 100-foot steel-truss tower, 125-foot downwind rotor. 

Used to test components and gather data. Dismantled. 

MOD-0As: Four 200-kW FWEP machines installed and operated between 1977 and 1980 at 

Clayton, NM, Culebra Island, Puerto Rico, Block Island, RI and Oahu, HI. Essentially an 

upgraded MOD-0. First unit built by NASA, last three by Westinghouse. Program 

considered a success. Dismantled. 

MOD-I: One 2000-kW FWEP machine built by General Electric and installed at Boone, 

NC. 200-foot downwind rotor with pitch control. 131-foot steel truss tower. Operated 130 

hours between 1979 and 1981 before final failure. Much more expensive than anticipated. 

Dismantled in 1981. 

MOD-1A: NASA-directed "strawman" design study performed by GE in 1979, exploring 

the cost benefits of concepts such as teetered hubs and partial-span pitch control. Never 

built. 

MOD-2: Built by Boeing. Three 2500-kW units installed by the Bonneville Power 

Administration near Goldendale, WA, in 1980; one by the Bureau of Reclamation near 

Medicine Bow, WY, in 1982; and one purchased by Pacific Gas and Electric and installed in 

Solano County, CA, in 1982. 300-foot, upwind, teetering rotor with partial-span pitch 

control. Tubular steel tower. Numerous operating problems. All dismantled by 1988. 

MOD-3: Projected intermediate-size turbine. DOE canceled project in 1979. No 

manufacturer thought it possible to meet the MOD-3’s cost goals, and the FWEP found its 

development schedule too rapid to take advantage of data from earlier models. 

MOD-4: Projected large turbine, canceled with MOD-3. 

MOD-SA: Designed for the FWEP as a 7300-kW machine by General Electric. 400-foot 

wood-epoxy rotor on soft tubular steel tower. DOE requested its MOD-5 contractors to 

share the project’s cost. After failing to find a utility partner and worried by the expiration 

of tax credits for purchasers of wind equipment, GE abandoned project in 1983. 

MOD-5B: Originally designed for the FWEP as 7200-kW machine with a 420-foot upwind 

rotor, but built as a 3200-kW unit with a 320-foot rotor. Purchase by Hawaiian Electric 

Industries and installed in Oahu in 1987. Sold to entrepreneurs in 1992. 

MOD-6H: Advanced intermediate-size horizontal-axis turbine project; canceled in early 

1980s due to lack of funds. No contracts awarded. 
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MOD-6V: Advanced intermediate-size vertical-axis project; canceled with MOD-6H. 

WTS-4: One 4000-MW unit built by Hamilton Standard and Karlskronavarvet and 

purchased by the Bureau of Reclamation. 256-foot downwind rotor on a tubular steel tower. 

Installed 1982. Numerous operating problems. Sold as government surplus, destroyed in 

storm in 1994. Not financed by FWEP. 

Bendix/Schachle WTG: One 3000-kW purchased by Southern California Edison and 

installed near Palm Springs, CA. 165-foot, three-bladed rotor, steel truss tower. Entire unit 

rotated into wind. Torque transferred to generator on ground by flexible coupling. Not 

financed by FWEP. Operational 1980, numerous problems. Dismantled. Not financed by 

the FWEP. 

WWG-600s: Fifteen 600-kW turbines designed by Westinghouse and sold to Hawaiian 

Electric Company. Installed 1985. Sold in 1992 to entrepreneurs. Not financed by the 

FWEP.
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INTRODUCTION 

Windpower: 

A Conservative Alternative 

PART I: Windpower on Howard’s Knob and in the Altamont Pass 

Howard’s Knob rises four thousand windy feet over Boone, NC. A visitor to the 

small park at the top finds little trace of its former occupant, a giant electricity-generating 

"windmill" that adorned the peak between 1979 and 1981. Old-time residents gladly recall 

the ill-fated behemoth, built by General Electric for a Federal program managed by the 

National Aeronautic and Space Agency. During the cold winter nights of the "energy crisis" 

of the 1970s, young hippies and crusty townsfolk alike applauded the government’s effort to 

explore the nation’s energy options. But Boone’s towering neighbor, the old-timers chuckle, 

turned out to be a thirty-million-dollar failure, auctioned off ignominiously for scrap to a 

nearby yarn factory. 

For a more sympathetic account, one can visit the Blue Ridge Electric Membership 

Corporation. A poster-sized photograph of the "MOD-1" wind turbine hangs conspicuously 

in BREMCo’s foyer, showing the machine’s tall steel-truss tower, a boxy white nacelle the 

size of a hefty truck, and a 200-foot, two-bladed rotor. BREMCo’s District Manager, 

Robert Bumgarner, who worked closely with the wind turbine’s Federal overseers, gleefully 

drags a cache of memorabilia from his office closet: a two-foot model, boxes of slides, a 

dumbbell-sized bolt from the rotor, and even an apparently empty can labeled "Air Sliced by 

the World’s Largest Windmill." But Bumgarner’s fond memories notwithstanding, the 

Federal government’s effort to design and commercialize multi-megawatt wind machines 

retains few fans. Only one of the dozen or so giant turbines erected in the 1970s and 1980s 

still turns. In 1994, the resurgent Federal Wind Energy Program limits its activities to 

assisting private technology development, rather than acting as a central planning authority. 
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By contrast, the facilities erected in California by the world’s premier private wind 

energy developer, Kenetech Windpower, reveal wind generators as a living, competing 

technology. On the dry, grassy ridges of the Altamont Pass overlooking Interstate Highway 

580, the wind drives the fifty-six-foot rotors of thousands of lean, three-bladed turbines. 

Nearby, a stand of larger, more robust machines faces the steady breeze; a guide explains 

that Kenetech hopes that the cost of electricity generated by this new model will match that 

of conventional fossil-fueled generating capacity. 

Back at the firm’s headquarters in San Francisco’s business district, Kenetech 

projects a corporate image of suits, hardwood and glossy literature. Presumably, the firm 

intends this serious mien to soothe potential investors, utility customers or government 

regulators who associate windpower with bib overalls and hippies. Company employees 

present their technology as the result of decisions made and risks taken by private 

entrepreneurs; most know little about the Federal giant turbines except that they "failed." 

Indeed, in 1994 windpower seems poised to take off, after benefitting in previous 

years from two shifts in the American electric utility industry. During the 1980s, a de- 

regulatory trend created and nurtured a non-utility generating sector, in which entrepreneurs 

using unconventional energy technologies such as wind turbines sold power to established 

electric companies for re-sale over the nation’s transmission grid. This trend promoted 

reliance on market principles to structure the energy industry. Simultaneously, policy- 

makers pursued a Ayper-regulatory course, using government power to further social goals 

such as reducing particulate pollution. Often, they required the nation’s regulated utilities to 

include "renewable" energy capacity in their resource plans. While these contradictory 

historical movements seem headed for a showdown,’ they have up to now created a 

  

‘I use the term "hyper-regulation" to denote a qualitative transformation of government oversight of the 

electric industry. Whereas utility commissions traditionally promoted universal service at reasonable rates, 

regulators in past decades have added non-economic goals such as environmental quality to their agenda. Some 

even foresee environmental protection as regulation’s primary purpose in a coming era of economic deregulation. 

For a succinct articulation of the tension between deregulation and hyper-regulation, see Daniel Yergin, Gary 

Simon and L.C. Bupp, "Caught in the Muddle: The Dilemma of Today’s Electric Power Industry," Natural 

Resources and Environment 8 (Winter 1994), pp. 3-4. 
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protected niche in which windpower has matured. California, America’s most populous 

state and the international center of renewable energy development, generates some 2.8 

billion kWh of energy from windpower annually,’ or over 1% of the power consumed by its 

30 million residents. 

Many observers contend that windpower has reached commercial viability. Between 

1995 and 2000, windpower may become the cheapest source of renewable energy, beating 

out solar, biomass, geothermal and new hydroelectric power. Kenetech Windpower claims 

that its new turbine can generate power for 5 cents/kWh, making it competitive with new 

fossil-fueled capacity. This feat, if possible, could relieve Kenetech from dependence on 

special governmental support for environmentally-preferred technologies.’ Attracted by 

windpower’s perceived environmental and economic benefits, a number of private utilities 

now ponder purchases of wind-generated power, and some may even install their own wind 

facilities.» An editorial in Science magazine considers it "realistic" that windpower might 

ultimately provide 20% of the nation’s electricity.’ 

The Federal government, meanwhile, retains its commitment to fostering a renewable 

energy sector. The National Energy Policy Act, passed in the waning months of George 

Bush’s presidency, offers a 1.5 cent/kWh tax credit for the production of electricity from 

  

Utility Wind Interest Group, "An old idea takes new shape for electric utilities," Electric Power Research 

Institute (November 1990, reprint November 1992), no pagination. 

°Jan Hamrin and Nancy Rader, Investing in the Future: A Regulator’s Guide to Renewables (Washington, 

DC: National Association of Regulatory Utility Commissioners, 1993), table 3.3. 

"Kenetech Windpower, "The 33M-VS Wind Turbine," brochure (no date), no pagination. 

*See, for example, "East breaks West’s wind-power monopoly,” The Wall Street Journal (31 August 1993), p. 

B1, and; Eric Harrison, "Utilities Study Ways to Harness the Wind," The Los Angeles Times (5 November 1991), 

p. AS. 

*Philip H. Abelson, "Power from Wind Turbines (editorial)," Science 261 (3 September 1993), p. 1255. 
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renewable resources such as wind.'® In 1993, President Bill Clinton’s Secretary of Energy, 

Hazel O’Leary, indicated her own preferences by placing photographs of windfarms and 

solar energy installations in the corridor leading to her office, where pictures of nuclear 

' All told, the future for wind energy seems promising. plants and submarines once hung.! 

While no-one expects windpower to supplant other forms of generation, advocates and 

observers expect it to become a valuable and cost-effective element of the nation’s 

generating mix. 

PART II: The Thesis, and Why it Matters 

This dissertation contends that today’s windpower represents a conservative addition 

to America’s established utility system,’ rather than a radical challenge to it. By 

comparing the FWEP of the 1970s and 1980s to the emergent entrepreneurial windpower 

industry in California, the analysis shows that the fortunes of windpower depended on two 

factors: the historical actors’ abilities to insulate their version of windpower from the 

vagaries of economics and a changing political environment; and an ability to define goals 

that resonated with established institutions and larger historical movements. Because 

windpower ultimately represents a minor actor in a larger play, its survival has hinged 

largely on defining a version of success compatible with its environment. The Federal 

program failed to do this, while the entrepreneurs have so far succeeded. This "success" 

  

"U.S. Congress, Committee of Conference, Energy Policy Act of 1992: Conference Report to accompany 

H.R. 776, 102d Congress, 2d Session, Serial No. 102-1018 (Washington, DC: U.S. Government Printing Office, 

1992), p. 259. 

"Al Kaman, "Change in the Wind at Energy," The Washington Post (14 April 1993), p. A8. 

"This analysis uses the term "system" developed by Hughes in his historical portrait of the electric utility 

industry. Hughes’ most important insight has been that the generation, transmission and distribution of electricity 

occur within a technological system. For the system to thrive, system-builders knit into a "seamless web" 

considerations that an outside observer might label economic, educational, legal, administrative or technical. 

Large modern systems bind these elements into a whole, and the study of such systems must partially abandon 

conventional analytic categories. The American electric "system" of the mid-twentieth century included utilities 

and their residential and industrial customers, regulators, equipment manufacturers and fuel suppliers, augmented 

by hardware, use patterns, and management practices, and countless other elements. For decades, the system 

succeeded by drawing these elements into a “consensus,” allowing utility managers to act as spokesmen for a 

coalition including--they maintained--all relevant parties. Thomas P. Hughes, Networks of Power: Electrification 

in Western Society 1880-1930 (Baltimore: The Johns Hopkins Press, 1983). 
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consists of conservative adaptation to the existing electric system, rather than its forced 

change. 

The story deserves telling for two reasons. First, the history of windpower forms an 

facet of energy history. Energy use remains a vital but underexamined determinant of 

modern life. As the developed world tinkers with a profligate and polluting scheme of 

energy production and use, and as the developing world industrializes, the attraction of 

"renewable" sources of power increases. The more we know of how such sources can fit 

into a modern society, the better. 

Second, the story of windpower concerns innovation. It questions policy-makers’ 

ability to induce meaningful technological change through the exercise of governmental will. 

In contrast to textbook examples of /aissez-faire, market-driven technological development, 

Federal managers tried--and failed--to knit giant wind turbines into the existing electric 

supply system for political and social reasons. An alternate--and hitherto successful-- 

"entrepreneurial" approach to windpower depended equally strongly on governmental 

intervention in the electrical system, which had formerly operated as a natural monopoly. 

But the set of policies that encouraged entrepreneurial windpower comprises a bewildering 

mix of unintended consequences, purported economic inefficiencies, and value-laden trade- 

offs. It is hard to see how this melange offers a recipe for inducing innovation. Yet, the 

very complexity calls us to examine the episode carefully. All arenas of human activity 

constitute complex systems, and we inevitably desire to intervene in them for social or 

political reasons. Recounting the story of windpower offers an invaluable chance to explore 

the limits of human intentionality in changing such a system. 

PART II: Who Will Be Interested 

The work presented here embodies two tensions. First, it contrasts and combines 

analyses offered by participants in the history of windpower with the perspective of an 

outsider. The structure of the dissertation denies the common distinction between "actors" 

and "analysts." By taking seriously the accounts offered by actors in interviews, government 
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documents and periodicals, this research shows that all people constantly act as historians; 

that is, they use narratives to appraise hypotheses of causality and change. Due to training 

and culture they often do so with limited tools, and unlike most professional historians, they 

use their historical judgements as the basis of worldly actions.’ But they share the act of 

historical analysis with professional historians. Yet, the dissertation makes assessments and 

draws conclusions not found in the historical actors’ own accounts, and thus contains the 

tension of an outsider writing about insiders, common to many studies of science, 

technology and policy. Ultimately, the dissertation represents a multi-stranded account that 

exceeds the varieties of causality and breadth of conclusions found in the historical subjects’ 

discourse. 

The dissertation locates a second tension between factors identified by many of the 

actors as internal and external. Building off the actors’ contention that the history of 

windpower cannot be understood as a self-contained story, it argues that the history of 

windpower implicates the history of the electric utility industry, energy history, and 

ultimately American history as a whole. (Naturally, glimpses of these stories appear here 

through secondary and periodical literature.) But the dissertation tries to distinguish the 

various causal factors in a rigorous way, and show how the factors cast by actors as 

"internal" often embody "external" considerations. For example, the analysis shows that 

"technological" decisions often incorporate positions and agendas dismissed by the actors as 

"political." In sum, this dissertation tells a yet untold story, while maintaining that an 

adequate explanation of historical causality demands the relation of much larger stories at 

the same time. 

  

'3This perspective resembles that of Michel Callon, who asserts that all engineers involved in technological 

design, development and diffusion "constantly construct hypotheses and forms of argument that pull these 

participants into the field of sociological analysis." Callon argues that technologists inevitably and naturally act 

as sociologists. Michel Callon, "Society in the Making: The Study of Technology as a Tool for Sociological 

Analysis," in Bijker, Hughes and Pinch (eds.), The Social Construction of Technological Systems, p. 83. 
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Historians 

At a finer level, the story of windpower involves concerns important to various 

audiences. Historians of technology will be interested to re-consider an issue outlined by 

Hughes, the purported distinction between conservative and radical innovation. The former, 

Hughes believes, preserves technological systems, and frequently originates with scientists or 

engineers with a stake in the status quo. A radical innovation, on the other hand, often 

comes from independent inventors. The existing system cannot incorporate the new 

technology, which may form the cornerstone of a new system. Hughes seems to distinguish 

between the two quite sharply.'* 

The windpower story draws historiographical significance and dramatic tension from 

questioning that distinction. Hughes implies that negotiations concerning acceptance of a 

new technology hang on whether the innovation is essentially radical or conservative, but in 

the story of windpower those attributes resu/t from negotiations. Some actors lobbied for 

utilities to adopt windpower as simply another supply option into the grid that they owned 

and managed. Others pushed for privately-owned windfarms, mostly outside the utilities’ 

control. Still other actors envisioned windpower as a household or community-based energy 

option able to provide a radical alternative to the established electric system. The 

conservative or radical nature of windpower today remains a contentious issue, rather than 

an uncomplicated characteristic that we may use to explain historical events. 

Sociologists 

Sociologists concerned with technology will find in this analysis further food for the 

continuing discussion over micro- and macro-level analysis. Pinch and Bijker,'* in well- 

  

Hughes, American Genesis: A Century of Invention and Technological Enthusiasm 1870-1970 (New York: 

Penguin Books, 1989), pp. 53-54; Hughes, "The Evolution of Large Technological Systems," in Wiebe E. Bijker, 

Hughes and Trevor J. Pinch (eds.), The Social Construction of Technological Systems: New Directions in the 

Sociology and History of Technology (Cambridge, MA: The MIT Press, 1987), pp. 57-59. 

‘Pinch and Bijker, "The Social Construction of Facts and Artifacts: Or How the Sociology of Science and 

the Sociology of Technology Might Benefit each Other" in Bijker, Hughes and Pinch (eds.), The Social 

Construction of Technological Systems, pp. 17-50. 
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known work on the social construction of technology, consider invention not as an event but 

as a process in which a number of relevant social groups negotiate the form an envisioned 

technology will take. They direct our attention to the "alternation of variation and selection" 

in a technology’s emergence, asking who took part in the negotiation, and how they pursued 

their ends. Russell and Winner,'° in separate responses, add that analysts should not 

unquestioningly accept the presence of "relevant groups" without asking also who was 

absent from the negotiations, either because they were excluded, because they lacked 

necessary information, or because they considered themselves irrelevant. 

The combination of Pinch and Bijker’s original queries with Russell’s and Winner’s 

caveats helps unpack the negotiations that defined windpower. Consider the role of NASA 

in the Federal wind initiative. At first glance incongruous, NASA’s active participation 

indicates (in addition to other factors) its managers’ aspiration to re-define the maligned 

agency in the post-Apollo era as an arbiter of energy technology. Thus, NASA’s vision of 

windpower reflected its management and design culture, as well as its political agenda. In 

contrast, consider the nation’s electric utilities, most of whom remained aloof from 

negotiations over windpower. In some cases, they judged the debate irrelevant, 

underestimating the pressure that regulators would bring to bear on them to adopt 

renewable-resources. In others, they declared themselves temporarily uninterested, 

preferring to get involved only after--and if--some other entity had borne the financial risks 

of developing the dubious technology. In the case of both NASA and the utilities, an 

attention to the micro-level negotiations can supply valuable understanding of historically 

causal factors. 

Yet, it is a mistake to conceive of windpower only as the center of a web of 

negotiations. Windpower often benefitted serendipitously or suffered from powerful but 
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unrelated events. For example, while the Public Utility Regulatory Policies Act of 1978, 

passed largely as a rate-reform measure to encourage conservation, unexpectedly opened the 

door to entrepreneurial electricity generation, President Ronald Reagan’s conviction that 

environmental protection dampened economic vigor squelched almost al] Federal support for 

renewable energy. Such causally significant institutional factors do not represent 

"negotiations," and they do not easily fit Pinch and Bijker’s micro-level schema of 

technological development. 

We can augment Pinch and Bijker’s perspective by considering Russell’s treatment 

of British cogeneration (the use of excess steam from electricity generation for heating). 

"Somehow," Russell writes, this alternative energy technology "seems to have found only a 

limited role and precarious existence in very specific circumstances in the interstices of the 

sector--or simply fallen in between the gaps separating the existing institutions."'’ 

Russell’s insight helps understand the story of windpower, which owes its success as much 

to unintended social action in other areas, as to tense negotiations between parties interested 

in it for its own sake. 

Another area of sociological significance in the windpower story concerns the ability 

of human managers to bend a complex technological system to their will, for example by 

forcing it to accept a new type of hardware. Both Law and Latour,'* for instance, 

extensively consider the extent to which human managers and engineers can cajole 

technology into cooperating with their plans. Callon, in appraising the development of the 

electric vehicle in France, concludes that the state lacks the resources to substitute for public 

demand in making technological or industrial decisions.'? Hughes, on the other hand, gives 
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slightly more importance to human actors in a technological system because they "have 

degrees of freedom not possessed by artefacts." Although modern systems tend to minimize 

the role of human elements, Hughes believes that humans still construct and destroy the 

alternative configurations of technology.”” All these analysts enjoin us to explore specific 

cases of human intervention into technological systems, as a way to mark the limits of 

human agency. 

This continuing theoretical discussion can benefit from considering windpower. 

Federal managers failed to substitute their will, grounded in political and social 

considerations, for a market-based demand for wind-generated electricity. On the other 

hand, entrepreneurial windpower succeeded partly because California regulators required 

state utilities to sign standardized long-term contracts for power purchases from alternative 

energy entrepreneurs. When first promulgated, these contracts specified purchase prices that 

seemed unexciting to windpower developers, but the unexpected oil glut of the mid-1980s 

made them quite attractive compared to the utilities’ own falling cost of generating power. 

As the gap between the rates guaranteed by the standard contracts and the short-term market 

price of power widened, windpower developers rushed to sign up. By requiring these 

contracts and then forcing the utilities to honor them, California regulators succeeded in 

substituting their desire to propagate renewable energy sources for true market demand. 

Yet, their success depended on an unforeseen and uncontrolled shift in the energy market. 

The lesson seems to be simply that imposition of political will on a technological system is 

difficult, and that success may depend more on luck than machiavellian skill. 
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Policy makers and energy managers 

To government policy makers and utility managers, the windpower story raises 

important questions concerning the flexibility of energy technologies with regard to the 

systems into which they are knit. In the 1960s and early 1970s, many supporters of 

windpower presented it as an alternative to the established energy system, taking part of its 

appeal from the ideological value of unplugging oneself from the utility grid. In 1976, 

Amory Lovins garnered attention for relating America’s energy system to its social structure; 

Lovins suggested that switching to alternative energy sources such as windpower could bring 

desirable social change. In addition to the cleanliness and infinite supply of wind power, 

advocates predicted that its penetration into our society could decentralize power generation, 

erode the power of giant corporations, and encourage individuals and communities to make-- 

and take responsibility for--their own energy decisions.”! 

The "counter-culture" took seriously calls such as that issued by Lovins. An 

indicative account describes an attempt by the staff of Mother Earth News to refurbish an 

early household-size turbine. The crew never compares the cost of the turbine to the price 

of utility power; the observation by the partisan author that "the power that is produced by 

the wind on the hill above will spin no meters, and will be accompanied by no bills" 

proclaims not efficiency but independence.** Yet, the energy option offered by companies 

such as Kenetech Windpower makes windpower’s ideological value secondary to economic 

considerations. 

In the mid-1990s, windpower has grown to fit the conventional centralized 

generation pattern. Although entrepreneurial windpower lessens the financial control 

formerly exerted by the utilities, the adaptation by windpower to the ideological structure of 

the conventional utility industry implies that windpower may not represent such a sweeping 

change after all. Moreover, utilities show increasing interest in windpower, in some cases 
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beginning to install their own wind facilities. Often, they are aided by access to capital 

> Thus, even if entrepreneurs represent a cheaper than that available to the entrepreneurs. ” 

significant alteration of the electric system, they may not persist for very long. The 

windpower story offers clues to whether recent structural shifts in the electric utility industry 

presage lasting change, or whether that important American institution will limit its 

concessions to deregulation while maintaining its essential political and economic power. 

Policy-makers and energy managers will be interested in this research project as they seek 

information to position themselves for coming changes. 

Counter-culture 

To those who initially championed windpower for the ideological reasons described 

above, the story told here presents tough value questions. On one hand, for every wind 

turbine in use, no matter who owns it, the nation has less of a commitment to defend access 

to foreign oil. As a cartoon in New Scientist asks, referring to the political power of the 

Organization of Petroleum Exporting Countries, "can you imagine an Organisation [sic] of 

Wind-Exporting Nations?"* In addition, windpower of any stripe reduces both particulate 

pollution and the necessity for politically-unpopular energy options such as nuclear power. 

Yet, the community-based electricity generation desired by some supporters of windpower 

never occurred. Furthermore, windpower itself has impacts deplored by environmentalists, 

such as bird kills and a conspicuous presence in scenic areas. Those who support 

windpower for ideological reasons will find in this analysis data on which to base their 

assessments of the trade-offs it presents. 

  

*3See Hamrin and Rader, Investing in the Future," p. 59. But note that utility managers often complain of 
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Science and Technology Studies 

Members of the interdisciplinary community involved in Science and Technology 

Studies may find some or all of these issues stimulating. Indeed, I hope that this type of 

analysis and its set of questions prove interesting to STS. As a new field, STS today seeks 

legitimacy, which may account for our tendency to concentrate on "sexy" new issues, and to 

identify STS with problem-areas whose importance and visibility will increase in the coming 

decades. Unfortunately, we have sometimes neglected the boring, the big, and the powerful. 

Rather than only trying to position ourselves for the important debates of the next century, 

we ought also to direct our attention to the current loci of power. By focussing on the 

electric utility industry, this dissertation shares a "traditional" STS interest in change, but 

takes up the challenge of examining a huge, pervasive part of American life. 

The most important "STS" issue underlying this dissertation ought to receive more 

attention in our field than it does: the tension between actors’ and analysts’ accounts of 

historical action. Like many STS works, it borrows analytic techniques from the fields of 

sociology, history, economics, literary theory--the list goes on. Yet, by applying these 

techniques to a contemporary episode, STS studies of the twentieth century face a dilemma 

perhaps unknown to some of its source disciplines: while this analysis should constitute a 

tool useful to other scholars, it also takes the actors themselves as part of its audience. The 

dissertation aims to produce an account that will feed back into the episodes it describes, 

and does not have the option of dismissing its subjects as statistical aggregates, fictional 

protagonists, or dead generals. Rather, they are alive, and their reaction to the analysis 

matters very much. 

Yet, their approval cannot form the only criterion of success. Actors’ accounts, like 

those of analysts, reify agendas, but an STS analysis cannot merely confirm its sources’ 

agendas. Rather, the author’s job is to unpack the basis of the actors’ accounts, to offer the 

energy field a multi-stranded account based on scholarly perspectives not present in its 

everyday discourse, and ultimately to produce a tool that will shape future action in the 

arena it describes. 
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PART IV: Sources, Structure and Scope 

The first part of this study introduces the background to the story of windpower. 

Chapter One uses newspaper and periodical articles, government reports, court cases, and 

secondary literature to describe the stresses on the electric utility system in the 1970s that 

sparked the search for new generating sources. The work of two historians of the American 

electric utility industry, Hughes and Hirsh, plays a significant role in this chapter. Chapter 

Two summarizes the history of windpower up to its "rediscovery" in the 1970s. This 

chapter relies almost completely on secondary sources. Broad historical studies by Gimpel, 

Braudel and Hunter illustrate that windpower, in its many incarnations, inevitably lost 

ground to centralized power, until the "energy crisis" called America’s conventional model 

of electricity production into question. Ancillary goals of this chapter are to expose the 

reader to the basic technical issues and vocabulary of generating electric power with wind 

machines, and to briefly explore the development of the electric utility industry. 

Following chapters describe the Federal Wind Energy Program. This analysis 

includes no secondary literature at all. While the 1970s saw the publication of several books 

on windpower, such as Jon Naar’s The New Wind Power and Volta Torrey’s Wind-Catchers, 

these treatments promote the technology. Similarly, Witold Rybczynski’s Paper Heroes 

constitutes an ideological critique of alternative energy. Rather than scholarly or political 

analyses, such works represent a class of historical evidence. 

The analysis builds an original story through a variety of sources. The accounts of 

the historical actors themselves provide one type of data, for example interviews with FWEP 

managers Divone, Ancona and Thresher. Often, their writings and speeches have proven 

invaluable. Proceedings of annual government-sponsored windpower conferences provide 

additional data. Another source of "official" account consists of technical reports available 

on microfiche from the National Technical Information Service and NASA. 

To counterbalance these sources, however, the analysis uses Congressional material, 

such as debates recorded in the Congressional Record, hearings over annual budgets, and 
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special hearings such as those concerning the Wind Energy Systems Act of 1980 and 

Congress’s oversight hearing on the FWEP in the same year. Sources outside the Federal 

windpower community, such as publications of the American Wind Energy Association, 

provide critiques of the FWEP not found in the program’s own fora. Finally, the discussion 

uses recollections of participants outside the FWEP itself. These include members of the 

utility community, such as Ayers and Bumgarner, whose company hosted a Federal turbine; 

Weinberg and Iannucci, who managed windpower projects while at the Pacific Gas and 

Electric Company; and DeMeo, who managed the Electric Power Research Institute’s solar 

and wind programs. In all cases, accounts from these sources are considered in view of 

their context; we wish to avoid letting "winners" write their own history, but simply letting 

the losers write theirs’ is no solution either. 

Chapter Three discusses the beginnings of the FWEP, including the role played by 

the National Science Foundation and NASA. Chapter Four uses the windpower studies 

performed by firms such as General Electric and Kaman Aerospace under contract to the 

FWEP, to lay out the FWEP managers’ understanding of the issues confronting them the 

statement of mission that they articulated in response. Chapter Five explores the FWEP’s 

various activities, showing that multi-megawatt machines constituted only one activity out of 

many. But it also demonstrates that the large-turbine effort had a coherency not shared by 

other program elements. Chapter Six discusses the problems experienced by the FWEP, 

including primary research on the MOD-1 machine, erected by the FWEP in Boone, NC. 

Chapter Seven discusses the "Reagan Revolution," and the end of the FWEP as a 

technology-producing entity (although not as an administrative entity). 

The analysis then moves to the emergence of entrepreneurial windpower in 

California. Chapter Eight uses newspaper articles, the Rand Corporation’s studies of the 

state’s electric industry in the 1970s, and some secondary sources such as Barkovich’s 

Regulatory Interventionism and Anderson’s Regulatory Politics to depict California’s energy 

dilemma in the 1970s. Chapters Nine through Eleven describe the three regulatory 

initiatives that enabled the growth of windpower. First, Chapter Nine tracks the confusing 
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story of PURPA, the law that effectively deregulated the electric generating sector, through 

Congressional debates, Supreme Court rulings, and utility and renewable energy industry 

journals. The chapter concludes that we must classify the huge effect of PURPA on 

windpower as an unintended consequence. Chapter Ten examines the operation and effect 

of tax credits for renewable energy technology, drawing largely on personal interviews. 

Valuable insight is also drawn from an article by Starrs, taken from his Master’s thesis. 

Chapter Eleven uses interviews to unpack the story of the standardized long-term contracts 

that guaranteed favorable prices for windpower through the oil glut of the mid-1980s. The 

chapter concludes by critically reviewing the history of a successful entrepreneurial firm, 

Kenetech Windpower, through a series of interviews and a plethora of newspaper and 

periodical articles. Finally, Chapter Twelve balances actors’ accounts of the FWEP and the 

California windpower movement against an outside analyst’s perspective. 

As boundaries, the dissertation takes the years between 1970 and 1990. This period 

opens with the "renaissance" of American windpower, encompasses the troubled times of the 

Reagan administration, and ends with the reemergence of environmentalism as a political 

force during the Bush years. These endpoints are flexible; coherent treatment of many 

themes implicates events long past or quite recent. The dissertation also limits its scope to 

American windpower. European windpower represents an equally interesting story, but 

appears here only to emphasize that American windpower reflects a unique milieu of 

circumstance, culture and human decisions. 
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CHAPTER ONE 

"Unusual Stresses" 

on the Electric Utility Industry 

Introduction: A Changing Cast 

At first glance, the American electric utility system in the late 1960s and early 1970s 

displays a changing cast of actors, with each arrival applying additional stress to the system. 

Yet, that metaphor only partly captures the truth. Some important "new" actors had always 

been present, but had remained silent. In some cases, weakness had muted their attempts to 

be heard. In others, actors had ceded their voice to other participants, requiring in return the 

representation of their interests (as they perceived them at the time). Rather than actors 

entering and departing the stage, the story consists of changing relationships between actors 

as they redefined themselves and their agendas. 

During the middle decades of the twentieth century, the national system for 

producing and delivering electric power symbolized American progress. Shortly thereafter, 

however, the system faded from public consciousness, chiefly because it functioned so well. 

Soothed by cheap, dependable service available for negligible effort on their part, residential 

customers ceased to play an active role in the system. Instead, the "public" allowed Federal 

and state regulators to represent its interests, presumably by maintaining the status quo. At 

the same time, industrial customers received with approval rate packages designed to boost 

consumption and thereby permit utilities to attain increasing economies of scale. 

Government regulators rarely meddled in utility procedure; after all, utilities apparently 

fulfilled quite well their pledge to provide reasonably-priced electricity to all members of 

society desiring it. During these golden years, all actors shared the goals of growth, 

dependability, and falling costs and prices--at least, all the actors that had succeeded in 

defining themselves as relevant.
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�s�o�l�u�t�i�o�n�s� �t�o� �t�h�e� �p�r�o�b�l�e�m�s� �t�h�e�y� �p�e�r�c�e�i�v�e�d� �c�o�n�s�t�r�i�c�t�i�n�g� �t�h�e�m�.� �S�o�m�e� �a�c�t�o�r�s�,� �a�s� �w�e� �w�i�l�l� �s�e�e� �i�n� 

�l�a�t�e�r� �c�h�a�p�t�e�r�s� �o�f� �t�h�i�s� �s�t�u�d�y�,� �a�d�v�o�c�a�t�e�d� �a�d�o�p�t�i�o�n� �o�f� �r�e�n�e�w�a�b�l�e� �r�e�s�o�u�r�c�e� �g�e�n�e�r�a�t�i�n�g� 

�t�e�c�h�n�o�l�o�g�i�e�s� �s�u�c�h� �a�s� �w�i�n�d� �t�u�r�b�i�n�e�s�.� �F�i�r�s�t�,� �h�o�w�e�v�e�r�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�h�a�p�t�e�r� �d�e�p�i�c�t�s� �t�h�e� �b�u�i�l�d�-� 

�u�p� �o�f� �s�t�r�e�s�s� �i�t�s�e�l�f�.� �A�f�t�e�r� �p�r�o�v�i�d�i�n�g� �c�o�n�t�r�a�s�t�i�n�g� �s�n�a�p�s�h�o�t�s� �o�f� �t�h�e� �i�n�d�u�s�t�r�y� �i�n� �1�9�6�4� �a�n�d� �1�9�7�0�,� 

�w�e� �e�x�p�l�o�r�e� �t�h�r�e�e� �s�t�r�a�i�n�s� �o�n� �t�h�e� �s�y�s�t�e�m�:� �t�h�e� �e�n�d� �o�f� �p�r�o�g�r�e�s�s�i�v�e� �e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e� �a�n�d� 

�i�m�p�r�o�v�i�n�g� �t�h�e�r�m�a�l� �e�f�f�i�c�i�e�n�c�y�,� �d�u�b�b�e�d� �"�t�e�c�h�n�o�l�o�g�i�c�a�l� �s�t�a�s�i�s�"� �b�y� �o�n�e� �h�i�s�t�o�r�i�a�n�;� �t�h�e� �"�e�n�e�r�g�y� 

�c�r�i�s�i�s�"� �o�f� �1�9�7�3�-�1�9�7�4�,� �a�n�d�;� �t�h�e� �e�m�e�r�g�e�n�c�e� �o�f� �a� �n�e�w� �t�y�p�e� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�m�,� �e�x�e�m�p�l�i�f�i�e�d� �b�y� 

�t�h�e� �E�n�v�i�r�o�n�m�e�n�t�a�l� �D�e�f�e�n�s�e� �F�u�n�d� �(�E�D�F�)�.� 

�P�A�R�T� �I�:� �"�T�h�e� �t�h�r�e�s�h�o�l�d� �o�f� �a� �n�e�w� �e�r�a�"� 

�I�n� �1�9�6�4�,� �t�h�e� �F�e�d�e�r�a�l� �P�o�w�e�r� �C�o�m�m�i�s�s�i�o�n� �(�F�P�C�)� �r�e�l�e�a�s�e�d� �i�t�s� �s�e�c�o�n�d�-�e�v�e�r� �N�a�t�i�o�n�a�l� 

�P�o�w�e�r� �S�u�r�v�e�y� �o�f� �t�h�e� �A�m�e�r�i�c�a�n� �e�l�e�c�t�r�i�c� �i�n�d�u�s�t�r�y�.� �T�h�e� �o�p�e�n�i�n�g� �o�f� �t�h�e� �c�o�m�p�r�e�h�e�n�s�i�v�e� �r�e�p�o�r�t� 

�i�n�d�i�c�a�t�e�s� �t�h�e� �b�r�i�g�h�t� �c�o�n�f�i�d�e�n�c�e� �w�i�t�h� �w�h�i�c�h� �t�h�e� �g�o�v�e�r�n�m�e�n�t� �a�n�d� �t�h�e� �u�t�i�l�i�t�i�e�s� �t�h�e�m�s�e�l�v�e�s� 

�r�e�g�a�r�d�e�d� �t�h�e� �e�l�e�c�t�r�i�c� �i�n�d�u�s�t�r�y�:



�T�h�e� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y� �s�y�s�t�e�m� �o�f� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� �s�t�a�n�d�s� �o�n� �t�h�e� �t�h�r�e�s�h�o�l�d� �o�f� �a� �n�e�w� �e�r�a� 
�o�f� �l�o�w�-�c�o�s�t� �p�o�w�e�r� �f�o�r� �a�l�l� �s�e�c�t�i�o�n�s� �o�f� �o�u�r� �c�o�u�n�t�r�y�.�.�.� �L�a�r�g�e�r� �a�n�d� �l�a�r�g�e�r� �m�a�c�h�i�n�e�s� �a�r�e� 
�b�e�i�n�g� �b�u�i�l�t� �w�h�i�c�h� �c�a�n� �g�e�n�e�r�a�t�e� �e�l�e�c�t�r�i�c�i�t�y� �a�t� �p�r�o�g�r�e�s�s�i�v�e�l�y� �l�o�w�e�r� �c�o�s�t�s�.� �T�h�e�s�e� �h�u�g�e� 
�p�o�w�e�r� �p�l�a�n�t�s� �b�u�r�n�i�n�g� �f�o�s�s�i�l� �f�u�e�l�s� �p�r�e�s�e�n�t� �a� �m�o�v�i�n�g� �t�a�r�g�e�t� �f�o�r� �n�u�c�l�e�a�r� �p�o�w�e�r� �p�l�a�n�t�s� 
�w�h�i�c�h� �n�e�v�e�r�t�h�e�l�e�s�s� �a�r�e� �r�a�p�i�d�l�y� �b�e�c�o�m�i�n�g� �m�o�r�e� �a�n�d� �m�o�r�e� �c�o�m�p�e�t�i�t�i�v�e�.� �'� 

�T�h�e� �F�P�C� �n�o�t�e�d� �t�h�a�t� �d�e�m�a�n�d� �f�o�r� �e�l�e�c�t�r�i�c�i�t�y� �h�a�d� �d�o�u�b�l�e�d� �e�v�e�r�y� �d�e�c�a�d�e� �d�u�r�i�n�g� �t�h�e� �p�a�s�t� �e�i�g�h�t�y� 

�y�e�a�r�s� �(�n�e�a�r�l�y� �t�w�i�c�e� �a�s� �f�a�s�t� �a�s� �t�h�e� �e�c�o�n�o�m�y� �a�s� �a� �w�h�o�l�e�)�,� �a�n�d� �s�u�g�g�e�s�t�e�d� �o�p�t�i�m�i�s�t�i�c�a�l�l�y� �t�h�a�t� 

�c�o�n�s�u�m�p�t�i�o�n� �m�i�g�h�t� �t�r�i�p�l�e� �i�n� �c�o�m�i�n�g� �y�e�a�r�s�.� �I�t� �a�t�t�r�i�b�u�t�e�d� �s�u�c�h� �"�p�h�e�n�o�m�e�n�a�l�"� �g�r�o�w�t�h� �t�o� �t�h�e� 

�f�a�c�t� �t�h�a�t� �"�t�h�e� �i�n�d�u�s�t�r�y ��s� �t�e�c�h�n�o�l�o�g�i�c�a�l� �p�r�o�g�r�e�s�s� �h�a�s� �m�a�d�e� �e�l�e�c�t�r�i�c�i�t�y� �o�n�e� �o�f� �t�h�e� �b�e�s�t� �b�a�r�g�a�i�n�s� 

�a�v�a�i�l�a�b�l�e�. �� �T�o� �e�x�t�e�n�d� �t�h�e� �d�o�w�n�w�a�r�d� �t�r�e�n�d� �i�n� �r�e�a�l� �p�o�w�e�r� �p�r�i�c�e�s�,� �t�h�e� �F�P�C� �a�d�v�o�c�a�t�e�d� 

�c�o�n�t�i�n�u�e�d� �e�x�p�a�n�s�i�o�n� �o�f� �g�e�n�e�r�a�t�i�n�g� �c�a�p�a�c�i�t�y� �a�n�d� �p�o�w�e�r� �c�o�n�s�u�m�p�t�i�o�n�,� �a�n�d�,� �m�o�s�t� �e�m�p�h�a�t�i�c�a�l�l�y� 

�i�n�t�e�r�c�o�n�n�e�c�t�i�o�n� �a�n�d� �c�o�o�r�d�i�n�a�t�e�d� �p�l�a�n�n�i�n�g� �b�e�t�w�e�e�n� �t�h�e� �n�a�t�i�o�n ��s� �3�6�0�0� �s�e�p�a�r�a�t�e� �p�o�w�e�r� 

�n�e�t�w�o�r�k�s�.� 

�T�w�e�n�t�y�-�e�i�g�h�t� �y�e�a�r�s� �h�a�d� �e�l�a�p�s�e�d� �b�e�t�w�e�e�n� �t�h�e� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �N�a�t�i�o�n�a�l� �P�o�w�e�r� 

�S�u�r�v�e�y�s�,� �b�u�t� �t�h�e� �t�h�i�r�d� �f�o�l�l�o�w�e�d� �i�n� �1�9�7�0�,� �s�i�x� �t�u�m�u�l�t�u�o�u�s� �y�e�a�r�s� �l�a�t�e�r�.� �I�t�s� �g�r�i�m� �o�p�e�n�i�n�g� �t�o�n�e� 

�c�o�n�t�r�a�s�t�e�d� �w�i�t�h� �t�h�a�t� �o�f� �i�t�s� �p�r�e�d�e�c�e�s�s�o�r�:� 

�M�o�u�n�t�i�n�g� �d�e�m�a�n�d�,� �s�h�a�r�p�l�y� �r�i�s�i�n�g� �c�o�s�t�s� �a�n�d� �c�h�a�n�g�i�n�g� �s�o�c�i�a�l� �v�a�l�u�e�s� �h�a�v�e� �c�o�m�b�i�n�e�d� �t�o� 
�p�l�a�c�e� �u�n�u�s�u�a�l� �s�t�r�e�s�s�e�s� �o�n� �t�h�e� �U�.�S�.� �e�l�e�c�t�r�i�c� �p�o�w�e�r� �i�n�d�u�s�t�r�y�.� �T�h�i�s� �i�s� �e�v�i�d�e�n�t� �f�r�o�m� �t�h�e� 
�s�t�r�a�i�n�e�d� �p�o�w�e�r� �s�u�p�p�l�y� �c�o�n�d�i�t�i�o�n�s� �i�n� �m�a�n�y� �p�a�r�t�s� �o�f� �t�h�e� �c�o�u�n�t�r�y� �a�n�d� �f�r�o�m� �n�u�m�e�r�o�u�s� 
�c�u�r�r�e�n�t� �p�r�o�p�o�s�a�l�s� �f�o�r� �i�n�c�r�e�a�s�e�d� �r�a�t�e�s�.� �T�h�e� �F�e�d�e�r�a�l� �P�o�w�e�r� �C�o�m�m�i�s�s�i�o�n� �b�e�l�i�e�v�e�s� �t�h�a�t� 
�t�h�e�s�e� �d�e�v�e�l�o�p�m�e�n�t�s�,� �s�e�r�i�o�u�s� �i�n� �t�h�e�i�r� �o�w�n� �r�i�g�h�t�,� �m�a�y� �b�e� �m�e�r�e�l�y� �a� �p�r�o�l�o�g�u�e� �t�o� �f�u�t�u�r�e� 
�e�v�e�n�t�s�. �� 

�T�h�e� �s�u�r�v�e�y� �c�o�m�p�l�a�i�n�e�d� �t�h�a�t� �c�h�a�l�l�e�n�g�e�s� �t�o� �v�i�t�a�l� �c�o�n�s�t�r�u�c�t�i�o�n� �p�r�o�j�e�c�t�s� �b�a�s�e�d� �o�n� �e�n�v�i�r�o�n�m�e�n�t�a�l� 

�c�o�n�c�e�r�n�s� �h�a�d� �p�r�e�v�e�n�t�e�d� �u�t�i�l�i�t�i�e�s� �f�r�o�m� �r�e�s�p�o�n�d�i�n�g� �t�o� �r�i�s�i�n�g� �d�e�m�a�n�d�,� �f�o�r�c�i�n�g� �t�h�e�m� �t�o� �"�s�h�e�d� 

�l�o�a�d�"� �w�h�e�n� �v�o�l�t�a�g�e�s� �d�r�o�p�p�e�d� �t�o�o� �s�e�v�e�r�e�l�y� �(�i�.�e�.�,� �t�o� �i�n�i�t�i�a�t�e� �t�e�m�p�o�r�a�r�y� �l�o�c�a�l� �b�l�a�c�k�o�u�t�s�)�.� 

�E�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�l�l�e�n�g�e�s� �d�i�r�e�c�t�l�y� �a�f�f�e�c�t�e�d� �p�r�i�c�e�s�,� �a�s� �u�t�i�l�i�t�i�e�s� �h�a�d� �t�o� �"�s�p�e�n�d� �e�v�e�r� �l�a�r�g�e�r� �s�u�m�s� 

�o�n� �e�n�v�i�r�o�n�m�e�n�t�a�l� �p�r�o�t�e�c�t�i�o�n� �a�n�d� �a�p�p�e�a�r�a�n�c�e�-�i�m�p�r�o�v�i�n�g� �f�e�a�t�u�r�e�s� �o�f� �p�o�w�e�r� �i�n�s�t�a�l�l�a�t�i�o�n�s�.�"� �T�h�e� 

�s�u�r�v�e�y� �a�d�v�i�s�e�d� �i�m�p�r�o�v�i�n�g� �p�o�w�e�r�p�l�a�n�t� �s�i�t�i�n�g� �p�r�o�c�e�d�u�r�e�s� �t�o� �i�n�c�l�u�d�e� �d�i�s�c�l�o�s�u�r�e� �o�f� �u�t�i�l�i�t�y� �p�l�a�n�s� 

� � 

 ��F�e�d�e�r�a�l� �P�o�w�e�r� �C�o�m�m�i�s�s�i�o�n�,� �N�a�t�i�o�n�a�l� �P�o�w�e�r� �S�u�r�v�e�y� �(�W�a�s�h�i�n�g�t�o�n�,� �D�C�:� �U�.�S�.� �G�o�v�e�r�n�m�e�n�t� �P�r�i�n�t�i�n�g� �O�f�f�i�c�e�,� 
�1�9�6�4�)�,� �p�p�.� �1�,� �3�.� 

�*�F�e�d�e�r�a�l� �P�o�w�e�r� �C�o�m�m�i�s�s�i�o�n�,� �T�h�e� �1�9�7�0� �N�a�t�i�o�n�a�l� �P�o�w�e�r� �S�u�r�v�e�y� �(�W�a�s�h�i�n�g�t�o�n�,� �D�C�:� �U�.�S�.� �G�o�v�e�r�n�m�e�n�t� �P�r�i�n�t�i�n�g� 

�O�f�f�i�c�e�,� �1�9�7�1�)�,� �p�.� �1�/�1�.



�a�n�d� �o�p�p�o�r�t�u�n�i�t�y� �f�o�r� �p�u�b�l�i�c� �p�a�r�t�i�c�i�p�a�t�i�o�n�.� �O�t�h�e�r� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �i�n�c�l�u�d�e�d� �f�o�r�m�u�l�a�t�i�o�n� �o�f� �a� 

�n�a�t�i�o�n�a�l� �e�n�e�r�g�y� �p�o�l�i�c�y�,� �w�h�i�c�h� �w�o�u�l�d� �a�s�s�e�s�s� �e�n�v�i�r�o�n�m�e�n�t�a�l� �i�m�p�a�c�t�s�,� �i�n�t�e�n�s�i�v�e� �p�u�r�s�u�i�t� �o�f� �n�e�w� 

�t�e�c�h�n�o�l�o�g�y�,� �n�o�t�a�b�l�y� �b�r�e�e�d�e�r� �r�e�a�c�t�o�r�s�,� �a�n�d� �p�o�l�i�c�i�e�s� �t�o� �h�e�l�p� �p�r�i�v�a�t�e� �u�t�i�l�i�t�i�e�s� �r�a�i�s�e� �i�n�v�e�s�t�m�e�n�t� 

�c�a�p�i�t�a�l�.� �T�h�e� �F�P�C� �f�o�u�n�d� �"�l�i�t�t�l�e� �l�i�k�e�l�i�h�o�o�d� �t�h�a�t� �t�h�e� �r�a�t�e� �o�f� �g�r�o�w�t�h� �i�n� �e�l�e�c�t�r�i�c�i�t�y� �u�s�e� �w�i�l�l� �s�l�o�w� 

�a�p�p�r�e�c�i�a�b�l�y� �i�n� �t�h�e� �t�w�o� �d�e�c�a�d�e�s� �i�m�m�e�d�i�a�t�e�l�y� �a�h�e�a�d�,�"� �b�u�t� �i�n� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� �1�9�6�4� �r�e�p�o�r�t�,� �t�h�e� 

�a�g�e�n�c�y� �p�a�i�n�t�e�d� �g�r�o�w�t�h� �a�s� �p�e�r�i�l�o�u�s� �a�n�d� �w�a�r�n�e�d� �t�h�a�t� �o�n�l�y� �c�o�o�r�d�i�n�a�t�e�d� �p�l�a�n�n�i�n�g� �a�n�d� �t�i�m�e�l�y� 

�a�c�t�i�o�n� �m�i�g�h�t� �a�v�o�i�d� �i�m�m�i�n�e�n�t� �d�i�s�a�s�t�e�r�.� 

�P�A�R�T� �I�I�:� �T�e�c�h�n�o�l�o�g�i�c�a�l� �S�t�a�s�i�s� 

�T�h�e� �s�t�r�e�s�s�e�s� �o�n� �t�h�e� �e�l�e�c�t�r�i�c� �s�y�s�t�e�m� �i�n� �t�h�e� �l�a�t�e� �1�9�6�0�s� �a�n�d� �1�9�7�0�s� �d�e�r�i�v�e�d� �f�r�o�m� �d�i�v�e�r�s�e� 

�q�u�a�r�t�e�r�s�.� �I�n� �h�i�s� �s�t�u�d�y� �o�f� �t�h�e� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y� �i�n�d�u�s�t�r�y�,� �h�i�s�t�o�r�i�a�n� �R�i�c�h�a�r�d� �H�i�r�s�h� �a�r�g�u�e�s� �t�h�a�t� �o�n�e� 

�o�f�t�e�n�-�n�e�g�l�e�c�t�e�d� �s�o�u�r�c�e� �o�f� �s�t�r�a�i�n� �c�o�n�s�i�s�t�e�d� �o�f� �u�t�i�l�i�t�y� �m�a�n�a�g�e�r�s �� �c�o�n�t�i�n�u�e�d� �d�e�p�e�n�d�e�n�c�e� �o�n� 

�m�a�n�a�g�e�m�e�n�t� �s�t�r�a�t�e�g�i�e�s� �p�r�e�d�i�c�a�t�e�d� �o�n� �c�o�n�s�t�a�n�t�l�y� �i�m�p�r�o�v�i�n�g� �t�e�c�h�n�o�l�o�g�y�.� �M�o�s�t� �n�o�t�a�b�l�y�,� �r�a�t�e� 

�s�t�r�u�c�t�u�r�e�s� �e�n�c�o�u�r�a�g�e�d� �e�v�e�r�-�s�w�e�l�l�i�n�g� �e�l�e�c�t�r�i�c�i�t�y� �s�a�l�e�s�;� �t�h�e� �r�e�s�u�l�t�i�n�g� �g�r�o�w�t�h� �i�n� �d�e�m�a�n�d� �a�l�l�o�w�e�d� 

�m�a�n�a�g�e�r�s� �t�o� �i�n�c�o�r�p�o�r�a�t�e� �i�n�t�o� �t�h�e� �s�y�s�t�e�m� �g�e�n�e�r�a�t�i�n�g� �s�e�t�s� �o�f� �i�n�c�r�e�a�s�i�n�g� �s�i�z�e� �a�n�d� �f�e�a�t�u�r�i�n�g� 

�s�t�e�a�d�i�l�y� �i�m�p�r�o�v�i�n�g� �t�h�e�r�m�a�l� �e�f�f�i�c�i�e�n�c�i�e�s�.� �W�i�t�h� �t�i�m�e� �(�b�u�t� �b�e�f�o�r�e� �t�h�e� �o�n�s�e�t� �o�f� �e�x�o�g�e�n�o�u�s� 

�f�a�c�t�o�r�s� �s�u�c�h� �a�s� �t�h�e� �o�i�l� �e�m�b�a�r�g�o� �t�o� �w�h�i�c�h� �"�t�r�a�d�i�t�i�o�n�a�l�"� �a�c�c�o�u�n�t�s� �f�r�e�q�u�e�n�t�l�y� �a�t�t�r�i�b�u�t�e� �t�h�e� 

�i�n�d�u�s�t�r�y ��s� �t�r�o�u�b�l�e�s�)�,� �t�e�c�h�n�o�l�o�g�i�c�a�l� �i�m�p�r�o�v�e�m�e�n�t�s� �l�e�v�e�l�e�d� �o�f�f�,� �a�n�d� �t�h�e� �g�r�o�w�t�h�-�o�r�i�e�n�t�e�d� 

�s�t�r�a�t�e�g�i�e�s� �o�f� �t�h�e� �p�a�s�t� �b�e�c�a�m�e� �c�o�u�n�t�e�r�-�p�r�o�d�u�c�t�i�v�e�.� �"�U�n�f�o�r�t�u�n�a�t�e�l�y�,�"� �H�i�r�s�h� �w�r�i�t�e�s�,� �"�m�o�s�t� 

�m�a�n�a�g�e�r�s� �d�i�d� �n�o�t� �r�e�c�o�g�n�i�z�e� �(�o�r� �d�i�d� �n�o�t� �w�a�n�t� �t�o� �b�e�l�i�e�v�e�)� �t�h�e� �s�e�v�e�r�i�t�y� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� 

�p�r�o�b�l�e�m�s�,� �a�n�d� �t�h�e�y� �d�e�a�l�t� �i�n�s�t�e�a�d� �w�i�t�h� �f�i�n�a�n�c�i�a�l� �a�n�d� �p�u�b�l�i�c� �r�e�l�a�t�i�o�n�s� �i�s�s�u�e�s� �t�h�a�t� �a�p�p�e�a�r�e�d� 

�m�o�r�e� �c�o�n�t�r�o�l�l�a�b�l�e�.�"�*� �A�l�t�h�o�u�g�h� �u�t�i�l�i�t�y� �e�x�e�c�u�t�i�v�e�s� �o�f� �t�h�e� �d�a�y� �u�n�d�e�r�s�t�o�o�d� �t�h�i�s� �p�r�o�c�e�s�s� �o�n�l�y� 

�p�o�o�r�l�y�,� �i�t� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �m�a�l�a�i�s�e� �o�f� �t�h�e� �e�l�e�c�t�r�i�c� �i�n�d�u�s�t�r�y�,� �a�n�d� �t�o� �i�t�s� �i�n�a�b�i�l�i�t�y� �t�o� �p�r�o�v�i�d�e� 

�c�h�e�a�p� �p�o�w�e�r�.� �T�h�i�s� �s�e�c�t�i�o�n� �e�x�a�m�i�n�e�s� �H�i�r�s�h ��s� �t�h�e�s�i�s� �i�n� �m�o�r�e� �d�e�t�a�i�l�.� 

� � 

�H�i�r�s�h� �d�r�a�w�s� �n�o� �c�o�n�c�e�p�t�u�a�l� �d�i�s�t�i�n�c�t�i�o�n� �b�e�t�w�e�e�n� �"�t�e�c�h�n�o�l�o�g�i�c�a�l�"� �f�a�c�t�o�r�s� �i�n�t�e�r�n�a�l� �t�o� �t�h�e� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y� �i�n�d�u�s�t�r�y� 
�a�n�d� �"�s�o�c�i�a�l�"� �f�a�c�t�o�r�s� �o�u�t�s�i�d�e� �i�t�.� �R�a�t�h�e�r�,� �h�e� �e�m�p�h�a�s�i�z�e�s� �t�h�e� �"�s�o�c�i�a�l� �d�i�m�e�n�s�i�o�n� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�e�l�o�p�m�e�n�t� �(�p�.� �3�)�.�"� 
�A�m�o�n�g� �m�a�n�y� �s�t�r�e�s�s�e�s� �o�n� �t�h�e� �s�y�s�t�e�m�,� �t�e�c�h�n�o�l�o�g�i�c�a�l� �s�t�a�s�i�s� �d�e�s�e�r�v�e�s� �s�p�e�c�i�a�l� �m�e�n�t�i�o�n� �n�o�t� �b�e�c�a�u�s�e� �o�f� �a� �u�n�i�q�u�e� �c�a�u�s�a�l� 
�r�o�l�e�,� �b�u�t� �b�e�c�a�u�s�e� �i�n� �e�x�p�l�a�i�n�i�n�g� �t�h�e� �i�n�d�u�s�t�r�y ��s� �t�r�o�u�b�l�e�s�,� �b�o�t�h� �h�i�s�t�o�r�i�c�a�l� �a�c�t�o�r�s� �a�n�d� �h�i�s�t�o�r�i�a�n�s� �o�f�t�e�n� �f�a�i�l�e�d� �t�o� 
�a�p�p�r�e�c�i�a�t�e� �i�t�,� �f�o�c�u�s�s�i�n�g� �i�n�s�t�e�a�d� �o�n� �e�x�o�g�e�n�o�u�s� �f�a�c�t�o�r�s� �s�u�c�h� �a�s� �t�h�e� �o�i�l� �e�m�b�a�r�g�o�.� �R�i�c�h�a�r�d� �F�.� �H�i�r�s�h�,� �T�e�c�h�n�o�l�o�g�y� �a�n�d� 
�T�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �t�h�e� �E�l�e�c�t�r�i�c� �U�t�i�l�i�t�y� �I�n�d�u�s�t�r�y� �(�C�a�m�b�r�i�d�g�e�:� �C�a�m�b�r�i�d�g�e� �U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�,� �1�9�8�9�)�,� �p�p�.� �i�x�,� �2�.



�S�a�m�u�e�l� �I�n�s�u�l�l� 

�T�h�e� �e�a�r�l�y� �y�e�a�r�s� �o�f� �A�m�e�r�i�c�a�n� �e�l�e�c�t�r�i�f�i�c�a�t�i�o�n� �s�p�a�w�n�e�d� �n�u�m�e�r�o�u�s� �e�l�e�c�t�r�i�c� �c�o�m�p�a�n�i�e�s�,� 

�e�a�c�h� �c�o�m�p�e�t�i�n�g� �f�o�r� �t�h�e� �s�a�m�e� �c�u�s�t�o�m�e�r�s�.� �O�c�c�a�s�i�o�n�a�l�l�y�,� �t�h�e�i�r� �c�r�e�w�s� �e�v�e�n� �r�a�c�e�d� �t�o� �s�t�r�i�n�g� 

�p�a�r�a�l�l�e�l� �l�i�n�e�s� �a�l�o�n�g� �t�h�e� �s�a�m�e� �s�t�r�e�e�t�s�.� �C�h�i�c�a�g�o�,� �f�o�r� �e�x�a�m�p�l�e�,� �b�o�a�s�t�e�d� �m�o�r�e� �t�h�a�n� �t�w�e�n�t�y� 

�e�l�e�c�t�r�i�c� �l�i�g�h�t�i�n�g� �f�i�r�m�s� �w�h�e�n� �a� �y�o�u�n�g� �E�n�g�l�i�s�h�m�a�n� �n�a�m�e�d� �S�a�m�u�e�l� �I�n�s�u�l�l�,� �w�h�o� �h�a�d� �p�r�e�v�i�o�u�s�l�y� 

�s�e�r�v�e�d� �a�s� �T�h�o�m�a�s� �E�d�i�s�o�n ��s� �p�e�r�s�o�n�a�l� �s�e�c�r�e�t�a�r�y�,� �t�o�o�k� �o�v�e�r� �i�n� �1�8�9�2� �a�s� �p�r�e�s�i�d�e�n�t� �o�f� �t�h�e� �C�h�i�c�a�g�o� 

�E�d�i�s�o�n� �C�o�m�p�a�n�y�.� �U�n�d�e�r� �t�h�e� �n�e�w� �n�a�m�e� �o�f� �t�h�e� �C�o�m�m�o�n�w�e�a�l�t�h� �E�d�i�s�o�n� �C�o�m�p�a�n�y�,� �I�n�s�u�l�l ��s� 

�f�i�r�m� �a�b�s�o�r�b�e�d� �i�t�s� �c�o�m�p�e�t�i�t�o�r�s�,� �a�n�d�,� �u�n�t�i�l� �t�h�e� �c�o�l�l�a�p�s�e� �o�f� �h�i�s� �s�p�r�a�w�l�i�n�g� �e�m�p�i�r�e� �i�n� �t�h�e� �1�9�3�0�s�,� 

�I�n�s�u�l�l� �h�i�m�s�e�l�f� �b�e�c�a�m�e� �f�a�b�u�l�o�u�s�l�y� �w�e�a�l�t�h�y� �a�n�d� �p�o�w�e�r�f�u�l�.� �H�e� �w�a�s�,� �a�c�c�o�r�d�i�n�g� �t�o� �b�i�o�g�r�a�p�h�e�r� 

�F�o�r�r�e�s�t� �M�c�D�o�n�a�l�d�,� �t�h�e� �m�a�n� �"�r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �f�o�u�n�d�i�n�g� �t�h�e� �b�u�s�i�n�e�s�s� �o�f� �c�e�n�t�r�a�l�i�z�e�d� �e�l�e�c�t�r�i�c� 

�s�u�p�p�l�y�.�"�*� 

�I�n�s�u�l�l� �b�l�e�n�d�e�d� �t�h�r�e�e� �i�n�s�i�g�h�t�s�.� �F�o�r�m�e�r�l�y� �e�m�p�l�o�y�e�d� �i�n� �E�d�i�s�o�n ��s� �e�l�e�c�t�r�i�c�a�l� �e�q�u�i�p�m�e�n�t� 

�m�a�n�u�f�a�c�t�u�r�i�n�g� �b�u�s�i�n�e�s�s�,� �h�e� �s�a�w� �t�h�a�t� �l�a�r�g�e�r� �g�e�n�e�r�a�t�o�r�s� �o�f�f�e�r�e�d� �l�o�w�e�r� �c�o�s�t�s� �p�e�r� �u�n�i�t� �o�f� �p�o�w�e�r�.� 

�W�h�i�l�e� �h�i�s� �c�o�m�p�e�t�i�t�o�r�s� �m�a�r�k�e�t�e�d� �e�l�e�c�t�r�i�c�i�t�y� �a�s� �a� �l�u�x�u�r�y� �p�r�o�d�u�c�t� �f�o�r� �r�u�n�n�i�n�g� �e�l�e�v�a�t�o�r�s� �a�n�d� 

�l�i�g�h�t�i�n�g� �m�a�n�s�i�o�n�s� �a�n�d� �d�e�p�a�r�t�m�e�n�t� �s�t�o�r�e�s�,� �I�n�s�u�l�l� �e�n�c�o�u�r�a�g�e�d� �w�i�d�e� �d�e�m�a�n�d�,� �t�h�e� �s�t�e�a�d�y� �g�r�o�w�t�h� 

�o�f� �w�h�i�c�h� �a�l�l�o�w�e�d� �h�i�m� �t�o� �o�r�d�e�r� �f�r�o�m� �t�h�e� �G�e�n�e�r�a�l� �E�l�e�c�t�r�i�c� �C�o�m�p�a�n�y� �(�G�E�)� �t�u�r�b�i�n�e�-�g�e�n�e�r�a�t�o�r�s� 

�t�w�o� �t�o� �f�o�u�r� �t�i�m�e�s� �t�h�e� �s�i�z�e� �o�f� �a�n�y� �i�n� �e�x�i�s�t�e�n�c�e�.� �S�e�c�o�n�d�,� �w�i�t�h� �r�e�g�a�r�d� �t�o� �t�o�t�a�l� �s�o�c�i�a�l� �c�o�s�t�,� �h�e� 

�c�o�n�c�l�u�d�e�d� �t�h�a�t� �b�e�c�a�u�s�e� �o�f� �t�h�e� �c�a�p�i�t�a�l�-�i�n�t�e�n�s�i�v�e� �n�a�t�u�r�e� �o�f� �t�h�e� �b�u�s�i�n�e�s�s�,� �o�n�e� �f�i�r�m� �i�n� �a�n�y� �g�i�v�e�n� 

�a�r�e�a� �s�e�r�v�e�d� �t�h�e� �p�u�b�l�i�c� �m�o�r�e� �c�h�e�a�p�l�y� �t�h�a�n� �t�w�o�.� �T�h�u�s�,� �h�e� �v�i�g�o�r�o�u�s�l�y� �t�r�i�e�d� �t�o� �e�l�i�m�i�n�a�t�e� 

�c�o�m�p�e�t�i�t�i�o�n� �a�n�d� �t�h�e� �c�o�s�t�l�y� �d�u�p�l�i�c�a�t�i�o�n� �o�f� �f�a�c�i�l�i�t�i�e�s�.� �F�i�n�a�l�l�y�,� �I�n�s�u�l�l� �s�a�w� �t�h�a�t�,� �a�s� �M�c�D�o�n�a�l�d� 

�p�u�t�s� �i�t�,� �"�o�n�e� �o�f� �t�h�e� �p�r�i�n�c�i�p�l�e� �m�y�s�t�e�r�i�e�s� �o�f� �t�h�e� �b�u�s�i�n�e�s�s� �w�a�s� �t�h�a�t� �t�h�e� �t�o�t�a�l� �e�x�p�e�n�s�e�s� �o�f� �a� 

�c�e�n�t�r�a�l� �s�t�a�t�i�o�n� �s�e�e�m�e�d� �t�o� �b�e� �a�b�o�u�t� �t�h�e� �s�a�m�e� �n�o� �m�a�t�t�e�r� �h�o�w� �m�u�c�h� �e�l�e�c�t�r�i�c�i�t�y� �i�t� �d�e�l�i�v�e�r�e�d�.�"� 

�I�n�s�u�l�l� �a�t�t�r�i�b�u�t�e�d� �t�h�i�s� �a�p�p�a�r�e�n�t� �a�n�o�m�a�l�y� �t�o� �u�t�i�l�i�t�i�e�s �� �n�e�e�d� �f�o�r� �p�o�w�e�r� �p�l�a�n�t�s� �b�i�g� �e�n�o�u�g�h� �t�o� �s�e�r�v�e� 

�m�a�x�i�m�u�m� �l�o�a�d�,� �a�l�t�h�o�u�g�h� �m�u�c�h� �o�f� �t�h�e� �p�l�a�n�t�s �� �c�a�p�a�c�i�t�y� �s�t�o�o�d� �i�d�l�e� �m�o�s�t� �o�f� �t�h�e� �t�i�m�e�.� �W�h�e�n� 

�c�a�p�i�t�a�l� �e�q�u�i�p�m�e�n�t� �l�a�y� �i�n�a�c�t�i�v�e�,� �t�h�e� �u�t�i�l�i�t�y� �e�a�r�n�e�d� �n�o� �r�e�t�u�r�n� �o�n� �i�t�s� �i�n�v�e�s�t�m�e�n�t�.� �B�e�g�i�n�n�i�n�g� �i�n� 

�1�8�9�4�,� �I�n�s�u�l�l� �c�a�m�e� �t�o� �b�e�l�i�e�v�e� �t�h�a�t� �t�h�e� �s�e�c�r�e�t� �t�o� �p�r�o�f�i�t�s� �l�a�y� �i�n� �a�t�t�r�a�c�t�i�n�g� �a� �b�a�l�a�n�c�e� �o�f� �c�u�s�t�o�m�e�r�s� 

� � 

 ��H�u�g�h�e�s�,� �N�e�t�w�o�r�k�s� �o�f� �P�o�w�e�r�,� �p�p�.� �2�0�1�-�2�0�5�;� �F�o�r�r�e�s�t� �M�c�D�o�n�a�l�d�,� �/�n�s�u�l�l� �(�C�h�i�c�a�g�o�:� �U�n�i�v�e�r�s�i�t�y� �o�f� �C�h�i�c�a�g�o� �P�r�e�s�s�.� 
�1�9�6�2�)�,� �p�.� �v�i�l�.



�w�h�o�s�e� �d�e�m�a�n�d� �p�e�a�k�s� �e�a�c�h� �o�c�c�u�r�r�e�d� �a�t� �d�i�f�f�e�r�e�n�t� �t�i�m�e�s� �o�f� �t�h�e� �d�a�y� �a�n�d� �y�e�a�r�.� �T�h�e� �e�l�e�c�t�r�i�c� 

�u�t�i�l�i�t�y� �i�n�d�u�s�t�r�y� �p�u�r�s�u�e�d� �a� �s�t�r�a�t�e�g�y� �b�a�s�e�d� �o�n� �t�h�e�s�e� �i�n�s�i�g�h�t�s� �d�u�r�i�n�g� �t�h�e� �n�e�x�t� �s�e�v�e�n�t�y�-�f�i�v�e� 

�y�e�a�r�s�.�>� 

�I�n�s�u�l�l ��s� �c�a�r�e�e�r� �e�n�d�e�d� �i�g�n�o�m�i�n�i�o�u�s�l�y�.� �R�e�p�u�d�i�a�t�e�d� �b�y� �t�h�e� �A�m�e�r�i�c�a�n� �p�u�b�l�i�c� �a�s� �a� 

�s�y�m�b�o�l� �o�f� �f�i�n�a�n�c�i�a�l� �p�o�w�e�r� �g�o�n�e� �a�m�o�k�,� �h�e� �f�a�c�e�d� �t�r�i�a�l� �f�o�r� �e�m�b�e�z�z�l�e�m�e�n�t�,� �u�s�i�n�g� �t�h�e� �m�a�i�l�s� �t�o� 

�d�e�f�r�a�u�d�,� �a�n�d� �v�i�o�l�a�t�i�o�n� �o�f� �b�a�n�k�r�u�p�t�c�y� �l�a�w�s�.� �A� �j�u�r�y� �a�c�q�u�i�t�t�e�d� �I�n�s�u�l�l�.� �H�o�w�e�v�e�r�,� �t�h�e� 

�s�p�e�c�t�a�c�u�l�a�r� �c�o�l�l�a�p�s�e� �o�f� �h�i�s� �e�m�p�i�r�e�,� �w�h�i�c�h� �a�t� �i�t�s� �h�e�i�g�h�t� �f�i�n�a�n�c�i�a�l�l�y� �l�i�n�k�e�d� �s�i�x�t�y�-�f�i�v�e� �u�t�i�l�i�t�i�e�s�,� 

�c�o�n�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �p�a�s�s�a�g�e� �o�f� �t�h�e� �P�u�b�l�i�c� �U�t�i�l�i�t�y� �H�o�l�d�i�n�g� �C�o�m�p�a�n�y� �A�c�t� �o�f� �1�9�3�5� �(�P�U�H�C�A�)�,� 

�d�e�s�i�g�n�e�d� �t�o� �t�h�w�a�r�t� �c�e�n�t�r�a�l�i�z�e�d� �c�o�n�t�r�o�l� �o�f� �e�l�e�c�t�r�i�c� �c�o�m�p�a�n�i�e�s�.� �Y�e�t�,� �i�n� �a�d�d�i�t�i�o�n� �t�o� �o�t�h�e�r� 

�a�c�h�i�e�v�e�m�e�n�t�s�,� �I�n�s�u�l�l� �a�r�t�i�c�u�l�a�t�e�d� �a� �r�a�t�i�o�n�a�l�e� �f�o�r� �t�h�e� �p�r�i�n�c�i�p�l�e� �o�f� �n�a�t�u�r�a�l� �m�o�n�o�p�o�l�y�.� �R�e�g�u�l�a�t�o�r�s� 

�a�n�d� �t�h�e� �A�m�e�r�i�c�a�n� �p�u�b�l�i�c� �c�a�m�e� �t�o� �a�c�c�e�p�t� �t�h�a�t� �i�n�t�e�r�-�f�i�r�m� �c�o�m�p�e�t�i�t�i�o�n� �i�n� �t�h�e� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y� 

�i�n�d�u�s�t�r�y� �r�e�s�u�l�t�e�d� �i�n� �h�i�g�h�e�r�,� �n�o�t� �l�o�w�e�r�,� �c�o�s�t�s� �f�o�r� �a�l�l� �c�o�n�c�e�r�n�e�d�,� �a�n�d� �t�h�e�y� �p�e�r�m�i�t�t�e�d� �u�t�i�l�i�t�i�e�s� �t�o� 

�o�p�e�r�a�t�e� �a�s� �m�o�n�o�p�o�l�i�e�s� �i�n� �s�p�e�c�i�f�i�e�d� �g�e�o�g�r�a�p�h�i�c� �r�e�g�i�o�n�s�,� �w�i�t�h� �c�o�r�r�e�s�p�o�n�d�i�n�g� �e�x�e�m�p�t�i�o�n� �f�r�o�m� 

�a�n�t�i�t�r�u�s�t� �p�r�o�s�e�c�u�t�i�o�n�.� �I�n� �r�e�t�u�r�n�,� �u�t�i�l�i�t�i�e�s� �u�n�d�e�r�t�o�o�k� �t�o� �d�e�l�i�v�e�r� �r�e�a�s�o�n�a�b�l�y�-�p�r�i�c�e�d� �s�e�r�v�i�c�e� �t�o� 

�a�n�y� �c�i�t�i�z�e�n� �r�e�q�u�e�s�t�i�n�g� �i�t�,� �a�n�d� �s�u�b�m�i�t�t�e�d� �t�o� �r�a�t�e�-�o�f�-�r�e�t�u�r�n� �r�e�g�u�l�a�t�i�o�n� �l�i�m�i�t�i�n�g� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�r�e�v�e�n�u�e�s� �t�h�e�y� �r�e�t�a�i�n�e�d� �a�s� �p�r�o�f�i�t�s�.� �T�o� �d�r�i�v�e� �d�o�w�n� �p�r�i�c�e�s�,� �u�t�i�l�i�t�y� �m�a�n�a�g�e�r�s� �d�e�v�i�s�e�d� �r�a�t�e� �p�l�a�n�s� 

�i�n�t�e�n�d�e�d�,� �i�n� �t�h�e� �w�o�r�d�s� �o�f� �o�n�e� �e�n�g�i�n�e�e�r�,� �t�o� �"�i�n�c�r�e�a�s�e� �r�e�s�i�d�e�n�t�i�a�l� �s�a�l�e�s� �a�n�d� �t�h�e�r�e�b�y� �r�e�d�u�c�e� �u�n�i�t� 

�"�6� �c�o�s�t�s� �o�f� �s�u�p�p�l�y�i�n�g� �e�l�e�c�t�r�i�c�i�t�y�.� 

�I�n�c�r�e�a�s�i�n�g� �e�f�f�i�c�i�e�n�c�y�,� �s�i�z�e�,� �s�t�a�t�u�s� �a�n�d� �s�a�t�i�s�f�a�c�t�i�o�n� 

�A�s� �t�h�e� �d�e�c�a�d�e�s� �p�a�s�s�e�d�,� �u�t�i�l�i�t�y� �m�a�n�a�g�e�r�s� �c�o�o�p�e�r�a�t�e�d� �w�i�t�h� �m�a�n�u�f�a�c�t�u�r�e�r�s� �t�o� �i�m�p�r�o�v�e� 

�a�n�d� �e�n�l�a�r�g�e� �b�o�i�l�e�r�s�,� �t�u�r�b�i�n�e�s�,� �g�e�n�e�r�a�t�o�r�s� �a�n�d� �a�u�x�i�l�i�a�r�y� �e�q�u�i�p�m�e�n�t�.� �G�E�,� �t�h�e� �W�e�s�t�i�n�g�h�o�u�s�e� 

�E�l�e�c�t�r�i�c� �C�o�r�p�o�r�a�t�i�o�n� �a�n�d� �t�h�e� �A�l�l�i�s�-�C�h�a�l�m�e�r�s� �C�o�r�p�o�r�a�t�i�o�n� �c�o�m�p�e�t�e�d� �t�o� �p�r�o�d�u�c�e� �g�e�n�e�r�a�t�i�n�g� 

�s�e�t�s� �o�f� �s�t�e�a�d�i�l�y� �e�x�p�a�n�d�i�n�g� �c�a�p�a�c�i�t�i�e�s�.� �I�n� �1�9�0�3� �S�a�m�u�e�l� �I�n�s�u�l�l� �s�h�o�c�k�e�d� �t�h�e� �i�n�d�u�s�t�r�y� �b�y� 

�i�n�s�i�s�t�i�n�g� �o�n� �f�i�v�e�-�m�e�g�a�w�a�t�t� �(�M�W�)� �t�u�r�b�i�n�e�-�g�e�n�e�r�a�t�o�r�s� �f�o�r� �h�i�s� �F�i�s�k� �S�t�r�e�e�t� �S�t�a�t�i�o�n� �i�n� �C�h�i�c�a�g�o�,� 

� � 

�*�M�c�D�o�n�a�l�d�,� �I�n�s�u�l�l�,� �p�p�.� �5�7�-�5�8�,� �6�3�-�6�9�;� �H�i�r�s�h�,� �T�e�c�h�n�o�l�o�g�y� �a�n�d� �T�r�a�n�s�f�o�r�m�a�t�i�o�n�,� �p�p�.� �1�9�-�2�1�;� �H�u�g�h�e�s�,� �N�e�t�w�o�r�k�s� �o�f� 
�P�o�w�e�r�,� �p�p�.� �2�1�6�-�2�2�0�.� 

�®�*�M�c�D�o�n�a�l�d�,� �J�n�s�u�l�l�,� �p�.� �v�i�i�;� �H�i�r�s�h�,� �T�e�c�h�n�o�l�o�g�y� �a�n�d� �T�r�a�n�s�f�o�r�m�a�t�i�o�n�,� �p�.� �1�9�;� �W�i�l�l�i�a�m� �F�.� �K�e�n�n�e�d�y�,� �T�h�e� �O�b�j�e�c�t�i�v�e� 
�R�a�t�e� �P�l�a�n� �f�o�r� �R�e�d�u�c�i�n�g� �t�h�e� �P�r�i�c�e� �o�f� �R�e�s�i�d�e�n�t�i�a�l� �E�l�e�c�t�r�i�c�i�t�y� �(�N�e�w� �Y�o�r�k�:� �M�o�r�n�i�n�g�s�i�d�e� �P�r�e�s�s�,� �1�9�3�7�)�,� �p�.� �1�.



�b�u�t� �s�e�v�e�n�t�y� �y�e�a�r�s� �l�a�t�e�r� �c�a�p�a�c�i�t�i�e�s� �h�a�d� �r�e�a�c�h�e�d� �1�3�0�0� �M�W�.� �N�e�w� �a�l�l�o�y�s� �a�n�d� �d�e�s�i�g�n�s� �i�m�p�r�o�v�e�d� 

�a�v�e�r�a�g�e� �t�h�e�r�m�a�l� �e�f�f�i�c�i�e�n�c�i�e�s� �m�o�r�e� �g�r�a�d�u�a�l�l�y�,� �f�r�o�m� �4�%� �i�n� �1�9�0�0� �t�o� �a�b�o�u�t� �3�2�%� �i�n� �t�h�e� �l�a�t�e� 

�1�9�6�0�s�,� �w�i�t�h� �t�h�e� �b�e�s�t�-�-�t�h�o�u�g�h� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �t�h�e� �m�o�s�t� �e�c�o�n�o�m�i�c�a�l�-�-�p�l�a�n�t�s� �a�t�t�a�i�n�i�n�g� �c�l�o�s�e� �t�o� 

�4�0�%� �f�u�e�l� �c�o�n�v�e�r�s�i�o�n�. �� �M�a�n�u�f�a�c�t�u�r�e�r�s� �a�c�h�i�e�v�e�d� �m�u�c�h� �o�f� �t�h�i�s� �p�r�o�g�r�e�s�s� �w�i�t�h�o�u�t� �b�e�n�e�f�i�t� �o�f� �a� 

�r�i�g�o�r�o�u�s� �d�e�s�i�g�n� �t�h�e�o�r�y�.� �I�n�s�t�e�a�d�,� �t�h�e�y� �c�o�n�s�e�r�v�a�t�i�v�e�l�y� �o�v�e�r�-�e�n�g�i�n�e�e�r�e�d� �t�h�e�i�r� �m�a�c�h�i�n�e�s� �t�o� �c�o�v�e�r� 

�u�n�f�o�r�e�s�e�e�n� �p�r�o�b�l�e�m�s�,� �a�n�d� �b�u�i�l�t� �i�n� �t�h�e� �f�i�e�l�d� �e�x�p�e�r�i�e�n�c�e� �o�f� �t�h�e�i�r� �c�u�s�t�o�m�e�r�s� �w�i�t�h� �p�r�e�v�i�o�u�s� 

�m�o�d�e�l�s�.�®� 

�T�h�e� �e�m�e�r�g�i�n�g� �s�y�s�t�e�m� �s�e�e�m�e�d� �t�o� �b�e�n�e�f�i�t� �a�l�l� �p�a�r�t�i�c�i�p�a�n�t�s�.� �U�t�i�l�i�t�y� �i�n�v�e�s�t�o�r�s� �r�e�c�e�i�v�e�d� 

�c�o�m�f�o�r�t�a�b�l�e� �a�n�d� �d�e�p�e�n�d�a�b�l�e� �r�e�t�u�r�n�s�,� �a�n�d� �c�u�s�t�o�m�e�r�s� �r�e�c�e�i�v�e�d� �r�e�l�i�a�b�l�e� �a�n�d� �i�n�e�x�p�e�n�s�i�v�e� 

�s�e�r�v�i�c�e�.� �A�s� �t�h�e� �r�e�a�l� �p�r�i�c�e� �p�e�r� �k�W�h� �o�f� �e�l�e�c�t�r�i�c�i�t�y� �d�e�c�l�i�n�e�d� �f�r�o�m� �a�b�o�u�t� �$�3�.�0�0� �i�n� �1�8�9�5� �t�o� �a�b�o�u�t� 

�s�e�v�e�n� �c�e�n�t�s� �i�n� �t�h�e� �l�a�t�e� �1�9�6�0�s� �(�i�n� �1�9�8�6� �d�o�l�l�a�r�s�)�,� �t�h�e� �s�t�a�t�u�s� �o�f� �u�t�i�l�i�t�y� �m�a�n�a�g�e�r�s� �a�n�d� �e�n�g�i�n�e�e�r�s� 

�r�o�s�e� �c�o�r�r�e�s�p�o�n�d�i�n�g�l�y� �h�i�g�h�.� �P�o�p�u�l�a�r� �c�u�l�t�u�r�e� �p�o�r�t�r�a�y�e�d� �e�l�e�c�t�r�i�c�i�t�y� �a�n�d� �t�h�e� �m�e�n� �w�h�o� �m�a�n�a�g�e�d� 

�i�t� �a�s�,� �i�n� �o�n�e� �h�i�s�t�o�r�i�a�n ��s� �p�h�r�a�s�e�,� �a�g�e�n�t�s� �o�f� �"�e�f�f�i�c�i�e�n�c�y�,� �r�a�t�i�o�n�a�l�i�t�y� �a�n�d� �p�r�o�g�r�e�s�s�.�" �� �A�f�t�e�r� �t�h�e� 

�d�o�l�d�r�u�m�s� �o�f� �W�o�r�l�d� �W�a�r� �I�I�,� �u�t�i�l�i�t�y� �m�a�n�a�g�e�r�s� �e�x�u�b�e�r�a�n�t�l�y� �c�o�n�s�t�r�u�c�t�e�d� �n�e�w� �p�l�a�n�t�s� �t�o� �m�e�e�t� 

�r�i�s�i�n�g� �i�n�d�u�s�t�r�i�a�l� �d�e�m�a�n�d� �f�o�r� �p�o�w�e�r�.� �C�e�l�e�b�r�i�t�i�e�s� �s�u�c�h� �a�s� �m�o�v�i�e� �a�c�t�o�r� �R�o�n�a�l�d� �R�e�a�g�a�n� 

�a�p�p�e�a�r�e�d� �i�n� �a�d�v�e�r�t�i�s�i�n�g� �c�a�m�p�a�i�g�n�s� �t�o� �e�n�d�o�r�s�e� �a�l�l�-�e�l�e�c�t�r�i�c� �h�o�m�e�s� �f�e�a�t�u�r�i�n�g� �n�e�w� �a�p�p�l�i�a�n�c�e�s� 

�s�u�c�h� �a�s� �a�i�r� �c�o�n�d�i�t�i�o�n�e�r�s� �a�n�d� �r�e�f�r�i�g�e�r�a�t�o�r�s�.� �G�i�a�n�t� �s�t�e�p�s� �i�n� �c�o�n�s�u�m�p�t�i�o�n� �a�n�d� �c�o�n�s�t�r�u�c�t�i�o�n�,� 

�c�o�m�b�i�n�e�d� �w�i�t�h� �f�a�l�l�i�n�g� �p�r�i�c�e�s�,� �e�n�c�o�u�r�a�g�e�d� �u�t�i�l�i�t�y� �m�a�n�a�g�e�r�s�,� �r�e�g�u�l�a�t�o�r�s�,� �a�n�d� �t�h�e� �p�u�b�l�i�c� �t�h�e�y� 

�s�e�r�v�e�d� �t�o� �a�s�s�o�c�i�a�t�e� �e�l�e�c�t�r�i�c� �p�o�w�e�r� �w�i�t�h� �b�u�r�g�e�o�n�i�n�g� �i�n�d�u�s�t�r�i�a�l� �m�i�g�h�t�,� �r�i�s�i�n�g� �s�t�a�n�d�a�r�d�s� �o�f� 

�l�i�v�i�n�g�,� �a�n�d� �a�b�o�v�e� �a�l�l�,� �A�m�e�r�i�c�a�n� �s�e�c�u�r�i�t�y�.� 

� � 

�"�T�h�e�r�m�a�l� �e�f�f�i�c�i�e�n�c�y� �d�e�n�o�t�e�s� �t�h�e� �a�m�o�u�n�t� �o�f� �e�n�e�r�g�y� �s�q�u�e�e�z�e�d� �b�y� �a� �g�e�n�e�r�a�t�i�n�g� �s�e�t� �f�r�o�m� �a� �g�i�v�e�n� �u�n�i�t� �o�f� �f�u�e�l�.� �A� 
�t�h�e�r�m�a�l�l�y� �e�f�f�i�c�i�e�n�t� �u�n�i�t� �m�a�y� �b�e� �e�c�o�n�o�m�i�c�a�l�l�y� �i�n�e�f�f�i�c�i�e�n�t� �i�f� �i�t� �c�o�s�t�s� �m�o�r�e� �t�o� �b�u�i�l�d� �t�h�a�n� �w�a�r�r�a�n�t�e�d� �b�y� �t�h�e� �f�u�e�l� 
�s�a�v�e�d�.� 

 ��H�i�r�s�h�,� �T�e�c�h�n�o�l�o�g�y� �a�n�d� �T�r�a�n�s�f�o�r�m�a�t�i�o�n�,� �p�p�.� �4�-�6�,� �3�7�-�4�0�;� �H�u�g�h�e�s�,� �N�e�t�w�o�r�k�s� �o�f� �P�o�w�e�r�,� �p�p�.� �2�0�9�,� �2�1�1�.� 

�*�D�a�v�i�d� �N�y�e�,� �E�l�e�c�t�r�i�f�y�i�n�g� �A�m�e�r�i�c�a�:� �S�o�c�i�a�l� �M�e�a�n�i�n�g�s� �o�f� �a� �N�e�w� �T�e�c�h�n�o�l�o�g�y� �1�8�8�0�-�1�9�4�0� �(�C�a�m�b�r�i�d�g�e�,� �M�A�:� �T�h�e� 
�M�I�T� �P�r�e�s�s�,� �1�9�9�0�)�,� �p�p�.� �1�5�7�-�1�6�1�.



�S�i�g�n�s� �o�f� �t�r�o�u�b�l�e� 

�B�y� �1�9�6�4�,� �h�o�w�e�v�e�r�,� �a�v�e�r�a�g�e� �t�h�e�r�m�a�l� �e�f�f�i�c�i�e�n�c�i�e�s� �l�e�v�e�l�e�d� �o�f�f� �i�n� �t�h�e� �l�o�w� �t�h�i�r�t�y�-�p�e�r�c�e�n�t� 

�r�a�n�g�e�.� �S�o�m�e� �g�e�n�e�r�a�t�i�n�g� �s�e�t�s� �a�t�t�a�i�n�e�d� �h�i�g�h�e�r� �l�e�v�e�l�s� �b�y� �f�u�r�t�h�e�r� �b�o�o�s�t�i�n�g� �b�o�i�l�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� 

�a�n�d� �p�r�e�s�s�u�r�e�s�,� �b�u�t� �t�h�e� �c�o�s�t� �o�f� �v�e�s�s�e�l�s� �a�b�l�e� �t�o� �c�o�n�t�a�i�n� �t�h�e� �h�o�t� �a�n�d� �c�o�r�r�o�s�i�v�e� �s�t�e�a�m� �n�e�g�a�t�e�d� �t�h�e� 

�e�n�h�a�n�c�e�m�e�n�t�s� �t�o� �t�h�e�r�m�a�l� �e�f�f�i�c�i�e�n�c�y�.� �N�e�w� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �m�a�t�e�r�i�a�l�s� �b�r�o�u�g�h�t� �u�n�f�a�m�i�l�i�a�r� 

�o�p�e�r�a�t�i�n�g� �p�r�o�b�l�e�m�s�,� �a�n�d� �t�h�e� �c�a�n�t�a�n�k�e�r�o�u�s� �m�a�c�h�i�n�e�s� �s�p�e�n�t� �i�n�c�r�e�a�s�e�d� �t�i�m�e� �u�n�d�e�r�g�o�i�n�g� 

�r�e�p�a�i�r�s�. ��°� 

�T�h�e� �1�9�6�4� �N�a�t�i�o�n�a�l� �P�o�w�e�r� �S�u�r�v�e�y� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e� �a�m�o�u�n�t� �o�f� �f�u�e�l� �n�e�c�e�s�s�a�r�y� �t�o� 

�g�e�n�e�r�a�t�e� �o�n�e� �k�W�h� �o�f� �e�l�e�c�t�r�i�c�i�t�y�,� �i�n� �d�e�c�l�i�n�e� �f�o�r� �d�e�c�a�d�e�s�,� �h�a�d� �r�e�a�c�h�e�d� �a� �v�a�l�l�e�y�,� �"�i�l�l�u�s�t�r�a�t�i�n�g� 

�t�h�e� �d�e�c�r�e�a�s�i�n�g� �o�p�p�o�r�t�u�n�i�t�i�e�s� �f�o�r� �s�i�g�n�i�f�i�c�a�n�t� �i�m�p�r�o�v�e�m�e�n�t�s� �i�n� �t�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� �s�t�e�a�m� �e�l�e�c�t�r�i�c� 

�c�y�c�l�e�.�"� �T�o� �o�f�f�s�e�t� �t�h�i�s� �t�r�e�n�d�,� �t�h�e� �S�u�r�v�e�y� �h�o�p�e�f�u�l�l�y� �a�n�t�i�c�i�p�a�t�e�d� �d�r�o�p�p�i�n�g� �f�u�e�l� �p�r�i�c�e�s� �a�n�d� 

�r�e�c�o�m�m�e�n�d�e�d� �r�e�d�o�u�b�l�e�d� �e�f�f�o�r�t�s� �t�o� �d�e�v�e�l�o�p� �l�a�r�g�e�r� �g�e�n�e�r�a�t�i�n�g� �s�e�t�s�,� �f�o�r�e�c�a�s�t�i�n�g� �g�i�a�n�t� �u�n�i�t�s� �o�f� 

�1�5�0�0� �M�W� �b�y� �1�9�8�0�.� �H�o�w�e�v�e�r�,� �t�h�e� �S�u�r�v�e�y� �a�l�s�o� �h�i�n�t�e�d� �a�t� �t�r�o�u�b�l�e� �t�o� �c�o�m�e� �b�y� �n�o�t�i�n�g� �t�h�e� �p�o�o�r� 

�r�e�l�i�a�b�i�l�i�t�y� �o�f� �l�a�r�g�e�r� �p�l�a�n�t�s�.� �T�h�e� �r�e�p�o�r�t� �w�a�r�n�e�d� �t�h�a�t� �d�e�s�i�g�n�-�b�y�-�e�x�p�e�r�i�e�n�c�e� �h�a�d� �g�i�v�e�n� �w�a�y� �t�o� 

�d�e�s�i�g�n�-�b�y�-�e�x�t�r�a�p�o�l�a�t�i�o�n�,� �a�s� �m�a�n�u�f�a�c�t�u�r�e�r�s� �d�e�s�i�g�n�e�d� �t�h�e� �e�v�e�r�-�l�a�r�g�e�r� �u�n�i�t�s� �r�e�q�u�e�s�t�e�d� �b�y� �u�t�i�l�i�t�i�e�s� 

�w�i�t�h�o�u�t� �t�h�e� �b�e�n�e�f�i�t� �o�f� �e�x�p�e�r�i�e�n�c�e� �o�p�e�r�a�t�i�n�g� �e�a�r�l�i�e�r� �m�a�c�h�i�n�e�s�.�"� 

�T�h�e� �c�a�p�a�c�i�t�i�e�s� �o�f� �t�h�e� �l�a�r�g�e�s�t� �u�n�i�t�s� �r�o�s�e� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �1�9�6�0�s�,� �a�n�d� �p�e�a�k�e�d� �a�t� �1�3�0�0� 

�M�W� �i�n� �1�9�7�3�.� �H�i�r�s�h� �s�u�g�g�e�s�t�s� �t�h�a�t� �m�a�n�a�g�e�r�s� �s�h�i�e�d� �a�w�a�y� �f�r�o�m� �l�a�r�g�e�r� �g�e�n�e�r�a�t�i�n�g� �s�e�t�s� �d�u�e� �t�o� 

�t�h�e�i�r� �l�o�w� �r�e�l�i�a�b�i�l�i�t�y�,� �s�t�e�m�m�i�n�g� �f�r�o�m� �t�h�e�i�r� �c�o�m�p�l�e�x� �d�e�s�i�g�n�s� �a�n�d� �e�x�t�e�n�s�i�v�e� �m�a�i�n�t�e�n�a�n�c�e� 

�r�e�q�u�i�r�e�m�e�n�t�s�.� �H�e� �e�m�p�h�a�s�i�z�e�s� �t�h�a�t� �d�e�s�i�g�n�-�b�y�-�e�x�t�r�a�p�o�l�a�t�i�o�n� �h�a�d� �p�r�o�d�u�c�e�d� �a� �g�e�n�e�r�a�t�i�o�n� �o�f� 

�m�a�c�h�i�n�e�s� �m�a�n�i�f�e�s�t�i�n�g� �o�p�e�r�a�t�i�n�g� �p�r�o�b�l�e�m�s� �t�h�a�t� �m�a�n�a�g�e�r�s� �n�e�i�t�h�e�r� �u�n�d�e�r�s�t�o�o�d� �n�o�r� �p�r�o�v�e�d� 

�c�a�p�a�b�l�e� �o�f� �s�o�l�v�i�n�g�.� 

� � 

 ��I�n� �f�a�c�t�,� �1�9�8�0� �r�e�g�i�s�t�e�r�e�d� �a�v�e�r�a�g�e� �t�h�e�r�m�a�l� �e�f�f�i�c�i�e�n�c�i�e�s� �s�l�i�g�h�t�l�y� �u�n�d�e�r� �t�h�e� �1�9�6�5� �f�i�g�u�r�e� �o�f� �3�2�.�5�%�.� �H�i�r�s�h�,� 
�T�e�c�h�n�o�l�o�g�y� �a�n�d� �T�r�a�n�s�f�o�r�m�a�t�i�o�n�,� �p�p�.� �5�6�-�6�3�,� �9�0�.� 

�'�'�N�a�t�i�o�n�a�l� �P�o�w�e�r� �S�u�r�v�e�y�,� �1�9�6�4�,� �p�p�.� �6�3�-�7�5�.� �A�t� �t�h�e� �t�i�m�e�,� �g�e�n�e�r�a�t�o�r�s� �h�a�d� �r�e�a�c�h�e�d� �1�1�0�0� �M�W�.



�C�o�n�c�l�u�s�i�o�n�:� �"�G�r�o�w� �a�n�d� �b�u�i�l�d�"� �o�u�t�l�i�v�e�d� �i�t�s� �r�a�t�i�o�n�a�l�e� 

�T�o� �s�u�m�m�a�r�i�z�e�,� �d�u�r�i�n�g� �t�h�e� �t�w�e�n�t�i�e�t�h� �c�e�n�t�u�r�y� �t�h�e� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y� �i�n�d�u�s�t�r�y� �d�e�v�e�l�o�p�e�d� �a� 

�s�t�r�u�c�t�u�r�e� �o�f� �t�e�c�h�n�o�l�o�g�y�,� �d�e�s�i�g�n� �s�t�r�a�t�e�g�i�e�s�,� �b�u�s�i�n�e�s�s� �p�r�i�n�c�i�p�l�e�s�,� �a�n�d� �c�u�l�t�u�r�a�l� �v�a�l�u�e�s� �t�h�a�t� 

�i�n�t�e�r�s�e�c�t�e�d� �a�n�d� �r�e�i�n�f�o�r�c�e�d� �e�a�c�h� �o�t�h�e�r�.� �T�h�e� �p�r�o�b�l�e�m� �d�e�s�c�r�i�b�e�d� �b�y� �H�i�r�s�h� �c�o�m�p�r�i�s�e�s� �n�o�t� �o�n�l�y� �a� 

�b�u�s�i�n�e�s�s� �s�t�r�a�t�e�g�y�,� �b�u�t� �a�l�s�o� �a� �c�u�l�t�u�r�a�l� �v�a�l�u�e� �s�h�a�r�e�d� �b�y� �t�h�e� �b�r�o�t�h�e�r�h�o�o�d� �o�f� �u�t�i�l�i�t�y� �e�n�g�i�n�e�e�r�s� �a�n�d� 

�m�a�n�a�g�e�r�s�,� �a�n�d�,� �p�e�r�h�a�p�s� �i�n� �a� �m�o�r�e� �i�m�p�l�i�c�i�t� �f�a�s�h�i�o�n�,� �b�y� �t�h�e� �p�u�b�l�i�c� �t�h�e�y� �s�e�r�v�e�d�.� �A�m�e�r�i�c�a�n�s� �(�o�r� 

�t�h�o�s�e� �w�h�o� �c�o�n�s�i�d�e�r�e�d� �t�h�e� �m�a�t�t�e�r�)� �l�i�n�k�e�d� �i�n�c�r�e�a�s�i�n�g� �s�c�a�l�e�,� �l�o�w�e�r� �p�r�i�c�e�s�,� �r�i�s�i�n�g� �s�t�a�n�d�a�r�d�s� �o�f� 

�l�i�v�i�n�g�,� �m�o�r�e� �p�r�o�d�u�c�t�i�v�e� �i�n�d�u�s�t�r�i�e�s�,� �a�n�d� �n�a�t�i�o�n�a�l� �p�r�i�d�e�.� �U�n�f�o�r�t�u�n�a�t�e�l�y�,� �c�u�l�t�u�r�a�l� �v�a�l�u�e�s� �a�n�d� 

�s�o�c�i�a�l� �i�n�s�t�i�t�u�t�i�o�n�s� �t�e�n�d� �t�o� �p�e�r�s�i�s�t� �a�f�t�e�r� �t�h�e� �c�o�n�d�i�t�i�o�n�s� �p�r�o�d�u�c�i�n�g� �t�h�e�m� �h�a�v�e� �c�h�a�n�g�e�d�,� �a�n�d� 

�g�r�o�w�t�h�,� �a�s� �a� �c�u�l�t�u�r�a�l� �v�a�l�u�e�,� �o�u�t�l�i�v�e�d� �t�h�e� �e�c�o�n�o�m�i�c� �"�r�a�t�i�o�n�a�l�e�"� �t�h�a�t� �h�a�d� �j�u�s�t�i�f�i�e�d� �i�t� �i�n� �I�n�s�u�l�l ��s� 

�d�a�y�.� �T�h�e� �a�r�r�i�v�a�l� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �s�t�a�s�i�s�,� �a�f�t�e�r� �w�h�i�c�h� �m�a�n�a�g�e�r�s� �c�o�u�l�d� �n�o� �l�o�n�g�e�r� �c�o�u�n�t� �o�n� 

�c�o�n�s�t�a�n�t�l�y� �i�m�p�r�o�v�i�n�g� �t�h�e�r�m�a�l� �e�f�f�i�c�i�e�n�c�i�e�s� �a�n�d� �d�e�c�r�e�a�s�i�n�g� �u�n�i�t�-�c�o�s�t�s�,� �s�h�o�o�k� �t�h�e� �e�n�t�i�r�e� 

�s�t�r�u�c�t�u�r�e�.� 

�P�A�R�T� �I�I�:� �T�h�e� �O�i�l� �E�m�b�a�r�g�o� 

�T�h�e� �N�a�t�i�o�n�a�l� �P�o�w�e�r� �S�u�r�v�e�y� �o�f� �1�9�6�4� �r�e�p�o�r�t�e�d� �t�h�a�t� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �y�e�a�r� �t�h�e� �u�t�i�l�i�t�y� 

�i�n�d�u�s�t�r�y� �h�a�d� �d�r�a�w�n� �o�n� �t�h�e� �m�i�x� �o�f� �f�u�e�l�s� �n�o�t�e�d� �i�n� �T�a�b�l�e� �1�.� �B�a�r�r�i�n�g� �u�n�f�o�r�s�e�e�n� �e�x�t�e�r�n�a�l� 

�s�t�r�e�s�s�e�s�,� �t�h�e� �r�e�p�o�r�t� �p�r�e�d�i�c�t�e�d� �t�h�a�t� �b�y� �1�9�8�0� �u�s�e� �o�f� �e�a�c�h� �c�o�n�v�e�n�t�i�o�n�a�l� �f�u�e�l� �w�o�u�l�d� �f�a�l�l�,� �w�i�t�h� 

�n�u�c�l�e�a�r� �p�o�w�e�r� �s�u�p�p�l�y�i�n�g� �t�h�e� �r�e�m�a�i�n�i�n�g� �1�9�%�.� �I�n� �a� �v�e�r�y� �b�r�i�e�f� �s�e�c�t�i�o�n� �o�n� �o�i�l�,� �t�h�e� �r�e�p�o�r�t� 

�r�e�c�o�m�m�e�n�d�e�d� �e�a�s�i�n�g� �i�m�p�o�r�t� �r�e�s�t�r�i�c�t�i�o�n�s� �i�n� �o�r�d�e�r� �t�o� �i�n�c�r�e�a�s�e� �s�u�p�p�l�i�e�s� �o�f� �c�h�e�a�p� �p�e�t�r�o�l�e�u�m�,� �b�u�t� 

�s�u�g�g�e�s�t�e�d� �t�h�a�t� �o�i�l ��s� �s�h�a�r�e� �o�f� �t�h�e� �n�a�t�i�o�n�a�l� �e�n�e�r�g�y� �m�i�x� �w�o�u�l�d� �d�e�c�r�e�a�s�e� �a�s� �c�o�a�l� �a�n�d� �n�u�c�l�e�a�r� 

�p�o�w�e�r� �b�e�c�a�m�e� �c�h�e�a�p�e�r�.� �A�t� �t�h�e� �t�i�m�e�,� �c�r�u�d�e� �o�i�l� �c�o�s�t� �$�2�.�1�0� �p�e�r� �b�a�r�r�e�l�. �� 

� � 

�'�2�N�a�t�i�o�n�a�l� �P�o�w�e�r� �S�u�r�v�e�y�,� �1�9�6�4�,� �p�p�.� �5�3�,� �5�8�.
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�T�A�B�L�E� �1�:� �F�u�e�l� �M�i�x� �i�n� �t�h�e� �E�l�e�c�t�r�i�c� �U�t�i�l�i�t�y� �I�n�d�u�s�t�r�y� 
�b�y� �p�e�r�c�e�n�t� �o�f� �t�o�t�a�l� 

� � 

� � � � � � � � � � � � � � �A�c�t�u�a�l� �1�9�7�0� �1�9�7�2� �p�r�o�j�e�c�t�i�o�n� 
�o�f� �1�9�8�0� 

�1�9�6�4� �p�r�o�j�e�c�t�i�o�n� �o�f� 
�1�9�8�0� 

�A�c�t�u�a�l� �1�9�6�3� � � � � � � � � � � � � � � � 

� � 

�C�o�a�l� � � � 

� � � 
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� � 

�G�a�s� �2�3�.�8� �1�1�.�8� 

�H�y�d�r�o� �1�6�.�1� �9�.�8� 

�N�u�c�l�e�a�r� �1�.�4� �2�2�.�7� 

�O�i�l� �1�2�.�3� �1�2�.�3� � � � � � � � � � � � � � � � � 

� � � � 

�D�a�t�a� �i�n� �C�o�l�u�m�n�s� �[� �a�n�d� �I�I� �f�r�o�m�:� �N�a�t�i�o�n�a�l� �P�e�t�r�o�l�e�u�m� �C�o�u�n�c�i�l�,� �U�.�S�.� �E�n�e�r�g�y� �O�u�t�l�o�o�k�:� �A� �S�u�m�m�a�r�y� �R�e�p�o�r�t� �(�W�a�s�h�i�n�g�t�o�n�,� 
�D�C�:� �1�9�7�2�)�,� �p�.� �2�0�.� �D�a�t�a� �i�n� �C�o�l�u�m�n�s� �I�I�I� �a�n�d� �I�V� �f�r�o�m�:� �F�e�d�e�r�a�l� �P�o�w�e�r� �C�o�m�m�i�s�s�i�o�n�,� �N�a�t�i�o�n�a�l� �P�o�w�e�r� �S�u�r�v�e�y� 
�(�W�a�s�h�i�n�g�t�o�n�,� �D�C�:� �G�o�v�e�r�n�m�e�n�t� �P�r�i�n�t�i�n�g� �O�f�f�i�c�e�,� �1�9�6�4�)�,� �p�.� �5�3�.� 

�B�y� �1�9�7�0�,� �t�h�e� �u�s�e� �o�f� �c�o�a�l� �h�a�d� �d�e�c�l�i�n�e�d� �m�o�r�e� �q�u�i�c�k�l�y� �t�h�a�n� �f�o�r�e�s�e�e�n�,� �d�u�e� �p�r�i�m�a�r�i�l�y� �t�o� 

�n�e�w� �l�a�w�s� �l�i�m�i�t�i�n�g� �s�u�l�p�h�u�r� �d�i�o�x�i�d�e� �e�m�i�s�s�i�o�n�s� �f�r�o�m� �c�o�a�l� �p�l�a�n�t�s�,� �a�n�d� �t�h�e� �u�s�e� �o�f� �n�a�t�u�r�a�l� �g�a�s� �h�a�d� 

�u�n�e�x�p�e�c�t�e�d�l�y� �i�n�c�r�e�a�s�e�d�.� �T�h�e� �b�i�g� �s�u�r�p�r�i�s�e�s� �a�p�p�e�a�r�e�d� �i�n� �t�h�e� �c�a�t�e�g�o�r�i�e�s� �o�f� �n�u�c�l�e�a�r� �p�o�w�e�r�,� 

�w�h�i�c�h� �s�t�i�l�l� �s�u�p�p�l�i�e�d� �u�n�d�e�r� �2�%� �o�f� �u�t�i�l�i�t�y� �e�n�e�r�g�y�,� �a�n�d� �o�i�l�,� �w�h�i�c�h� �h�a�d� �i�n�c�r�e�a�s�e�d� �t�o� �1�2�.�3�%�.� �T�h�i�s� 

�c�h�a�n�g�e� �r�e�s�u�l�t�e�d� �p�a�r�t�l�y� �f�r�o�m� �t�h�e� �p�r�i�c�e� �o�f� �c�r�u�d�e� �o�i�l�,� �w�h�i�c�h� �f�e�l�l� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �1�9�6�0�s� �t�o� �a�n� �a�l�l�-� 

�t�i�m�e� �l�o�w� �o�f� �$�1�.�2�1� �p�e�r� �b�a�r�r�e�l� �i�n� �1�9�7�0�.� �B�u�t� �u�t�i�l�i�t�i�e�s� �p�a�r�t�i�c�u�l�a�r�l�y� �p�r�i�z�e�d� �l�o�w�-�s�u�l�p�h�u�r� �L�i�b�y�a�n� 

�a�n�d� �N�i�g�e�r�i�a�n� �o�i�l�,� �w�h�i�c�h� �t�h�e�y� �c�o�u�l�d� �b�u�r�n� �i�n� �c�o�m�p�l�i�a�n�c�e� �w�i�t�h� �n�e�w� �e�m�i�s�s�i�o�n� �s�t�a�n�d�a�r�d�s�.� �N�e�w�l�y� 

�c�o�n�s�t�r�u�c�t�e�d� �o�i�l�-�b�u�r�n�i�n�g� �p�l�a�n�t�s� �c�o�m�i�n�g� �o�n� �l�i�n�e�,� �a�n�d� �t�h�e� �i�n�c�r�e�a�s�e�d� �u�s�e� �o�f� �o�i�l� �i�n� �d�u�a�l�-�f�u�e�l� �p�l�a�n�t�s� 

�i�n� �t�h�e� �N�o�r�t�h�e�a�s�t�,� �s�p�u�r�r�e�d� �a� �r�i�s�e� �i�n� �a�n�n�u�a�l� �A�m�e�r�i�c�a�n� �c�r�u�d�e� �o�i�l� �c�o�n�s�u�m�p�t�i�o�n� �f�r�o�m� �5�4�8�.�7� 

�m�i�l�l�i�o�n� �b�a�r�r�e�l�s� �i�n� �1�9�6�1� �t�o� �8�0�4�.�2� �m�i�l�l�i�o�n� �i�n� �1�9�7�0�,� �a� �3�1�.�8�%� �i�n�c�r�e�a�s�e�.� �D�u�r�i�n�g� �t�h�a�t� �p�e�r�i�o�d�,� 

�a�n�n�u�a�l� �i�m�p�o�r�t�s� �r�o�s�e� �f�r�o�m� �2�4�3� �t�o� �5�5�8� �m�i�l�l�i�o�n� �b�a�r�r�e�l�s�,� �a�n� �i�n�c�r�e�a�s�e� �o�f� �5�6�.�3�%�.� �A�l�t�h�o�u�g�h� �T�h�e� 

�1�9�7�0� �N�a�t�i�o�n�a�l� �P�o�w�e�r� �S�u�r�v�e�y� �n�o�t�e�d� �t�h�a�t� �o�i�l� �c�o�n�s�t�i�t�u�t�e�d� �a� �m�i�n�o�r� �p�o�r�t�i�o�n� �o�f� �A�m�e�r�i�c�a�n� �e�n�e�r�g�y� 

�s�u�p�p�l�y�,� �t�h�e� �a�u�t�h�o�r�s� �f�r�e�t�t�e�d� �t�h�a�t� �"�f�u�e�l� �o�i�l� �u�s�e�r�s�,� �i�n�c�l�u�d�i�n�g� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�i�e�s�,� �a�r�e� �b�e�c�o�m�i�n�g� 

�i�n�c�r�e�a�s�i�n�g�l�y� �d�e�p�e�n�d�e�n�t� �o�n� �f�o�r�e�i�g�n� �s�o�u�r�c�e�s� �o�f� �s�u�p�p�l�y�.�"�"� 

� � 

�'�3�1�9�7�0� �u�t�i�l�i�t�y� �e�n�e�r�g�y� �m�i�x� �a�n�d� �r�e�v�i�s�e�d� �p�r�o�j�e�c�t�i�o�n�s� �f�o�r� �1�9�8�0� �f�r�o�m� �N�a�t�i�o�n�a�l� �P�e�t�r�o�l�e�u�m� �C�o�u�n�c�i�l�,� �U�.�S�.� �E�n�e�r�g�y� 
�O�u�t�l�o�o�k�:� �A� �S�u�m�m�a�r�y� �R�e�p�o�r�t� �(�W�a�s�h�i�n�g�t�o�n�,� �D�C�:� �N�P�C�,� �1�9�7�2�)�,� �p�.� �2�0�.� �T�h�e� �N�P�C� �d�e�s�c�r�i�b�e�s� �i�t�s� �p�r�o�j�e�c�t�i�o�n�s� �f�o�r� �1�9�8�0� 
�a�s� �t�h�e� �"�m�o�s�t� �f�e�a�s�i�b�l�e�"� �s�c�e�n�a�r�i�o� �"�f�r�o�m� �t�h�e� �p�o�i�n�t� �o�f� �v�i�e�w� �o�f� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�i�e�s�.�.�.� �t�h�e� �m�i�x� �t�h�a�t� �w�o�u�l�d� �p�r�o�b�a�b�l�y� �e�v�o�l�v�e� 
�i�f� �t�h�e� �u�t�i�l�i�t�y� �i�n�d�u�s�t�r�y� �w�e�r�e� �n�o�t� �s�u�b�j�e�c�t�e�d� �t�o� �s�e�v�e�r�e� �c�o�n�s�t�r�a�i�n�t�s� �o�n� �i�t�s� �d�e�c�i�s�i�o�n�s� �(�p�.� �2�1�)�.�"� �O�i�l� �i�m�p�o�r�t�s� �f�r�o�m� �T�h�e� 

�(�c�o�n�t�i�n�u�e�d�.�.�.�)� 

�1�0



�I�n� �1�9�6�8�,� �J�a�m�e�s� �A�k�i�n�s� �o�f� �t�h�e� �S�t�a�t�e� �D�e�p�a�r�t�m�e�n�t� �i�n�f�o�r�m�e�d� �A�m�e�r�i�c�a ��s� �W�e�s�t�e�r�n� 

�E�u�r�o�p�e�a�n� �a�n�d� �J�a�p�a�n�e�s�e� �a�l�l�i�e�s� �t�h�a�t� �A�m�e�r�i�c�a�,� �t�h�e� �w�o�r�l�d ��s� �m�o�s�t� �p�r�o�l�i�f�i�c� �o�i�l� �p�r�o�d�u�c�e�r�,� �h�a�d� 

�n�e�a�r�e�d� �f�u�l�l� �p�r�o�d�u�c�t�i�o�n� �c�a�p�a�c�i�t�y�.� �F�o�r� �t�h�o�s�e� �w�h�o� �g�r�a�s�p�e�d� �t�h�e� �i�m�p�o�r�t� �o�f� �A�k�i�n�s �� �a�n�n�o�u�n�c�e�m�e�n�t�,� 

�i�t� �s�i�g�n�i�f�i�e�d� �t�h�e� �e�n�d� �o�f� �a�n� �e�r�a�.� �E�x�c�e�s�s� �p�r�o�d�u�c�t�i�o�n� �c�a�p�a�c�i�t�y� �h�a�d� �l�o�n�g� �i�n�s�u�l�a�t�e�d� �A�m�e�r�i�c�a� �a�n�d� 

�i�t�s� �a�l�l�i�e�s� �f�r�o�m� �a�t�t�e�m�p�t�s� �b�y� �o�t�h�e�r� �o�i�l�-�p�r�o�d�u�c�i�n�g� �n�a�t�i�o�n�s� �t�o� �u�s�e� �o�i�l� �a�s� �a� �w�e�a�p�o�n�.� �D�u�r�i�n�g� �t�h�e� 

�1�9�6�7� �w�a�r� �b�e�t�w�e�e�n� �I�s�r�a�e�l� �a�n�d� �i�t�s� �A�r�a�b� �n�e�i�g�h�b�o�r�s�,� �f�o�r� �e�x�a�m�p�l�e�,� �w�h�e�n� �A�r�a�b� �m�e�m�b�e�r�s� �o�f� �O�P�E�C� 

�w�i�t�h�h�e�l�d� �t�h�e�i�r� �o�i�l� �t�o� �p�u�n�i�s�h� �I�s�r�a�e�l ��s� �W�e�s�t�e�r�n� �a�l�l�i�e�s�,� �i�n�c�r�e�a�s�e�d� �A�m�e�r�i�c�a�n� �p�r�o�d�u�c�t�i�o�n� �m�a�d�e� �u�p� 

�t�h�e� �s�h�o�r�t�f�a�l�l�.� �I�n� �t�h�a�t� �e�p�i�s�o�d�e�,� �t�h�e� �o�i�l� �w�e�a�p�o�n� �m�o�s�t� �h�u�r�t� �t�h�e� �n�a�t�i�o�n�s� �w�i�e�l�d�i�n�g� �i�t�,� �w�h�o� �l�o�s�t� 

�s�u�b�s�t�a�n�t�i�a�l� �r�e�v�e�n�u�e�s�.� �A�k�i�n�s �� �n�o�t�i�c�e� �t�h�a�t� �A�m�e�r�i�c�a� �c�o�u�l�d� �n�o� �l�o�n�g�e�r� �s�t�a�b�i�l�i�z�e� �w�o�r�l�d� �s�u�p�p�l�i�e�s� 

�m�a�d�e� �t�h�e� �"�o�i�l� �w�e�a�p�o�n�,�"� �l�o�n�g� �p�o�n�d�e�r�e�d� �b�y� �O�P�E�C�,� �a� �r�e�a�l� �t�h�r�e�a�t�.� �'�4� 

�T�h�e� �O�r�g�a�n�i�z�a�t�i�o�n� �o�f� �P�e�t�r�o�l�e�u�m� �E�x�p�o�r�t�i�n�g� �C�o�u�n�t�r�i�e�s� 

�O�P�E�C� �b�e�g�a�n� �i�n� �1�9�6�0� �a�s� �a� �c�o�l�l�a�b�o�r�a�t�i�o�n� �o�f� �t�h�r�e�e� �A�r�a�b� �n�a�t�i�o�n�s� �p�l�u�s� �I�r�a�n� �a�n�d� 

�V�e�n�e�z�u�e�l�a�,� �w�h�o� �h�a�d� �l�o�n�g� �c�a�v�i�l�l�e�d� �a�t� �w�h�a�t� �t�h�e�y� �p�e�r�c�e�i�v�e�d� �a�s� �t�h�e� �h�i�g�h�h�a�n�d�e�d� �b�e�h�a�v�i�o�r� �o�f� 

�W�e�s�t�e�r�n� �o�i�l� �c�o�m�p�a�n�i�e�s� �i�n� �s�e�t�t�i�n�g� �p�u�r�c�h�a�s�e� �p�r�i�c�e�s�.� �A�l�t�h�o�u�g�h� �m�e�m�b�e�r�s�h�i�p� �g�r�e�w�,� �t�h�e� 

�o�r�g�a�n�i�z�a�t�i�o�n� �l�a�c�k�e�d� �p�o�w�e�r�.� �M�e�m�b�e�r�s� �h�e�l�p�l�e�s�s�l�y� �w�a�t�c�h�e�d� �t�h�e� �p�r�i�c�e� �o�f� �o�i�l�-�-�i�n� �m�a�n�y� �c�a�s�e�s�,� 

�t�h�e�i�r� �o�n�l�y� �e�x�p�o�r�t�-�-�e�b�b� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �d�e�c�a�d�e�.� �W�e�s�t�e�r�n� �o�i�l� �c�o�m�p�a�n�i�e�s� �a�n�d� �p�o�l�i�t�i�c�i�a�n�s� �i�n�s�i�s�t�e�d� 

�t�h�a�t� �f�r�e�e�-�m�a�r�k�e�t� �c�o�m�p�e�t�i�t�i�o�n� �l�i�m�i�t�e�d� �o�n�l�y� �b�y� �t�h�e� �c�o�s�t� �o�f� �p�r�o�d�u�c�t�i�o�n� �s�h�o�u�l�d� �d�e�t�e�r�m�i�n�e� �o�i�l� 

�p�r�i�c�e�s�.� �O�P�E�C� �n�e�g�o�t�i�a�t�o�r�s� �r�e�s�p�o�n�d�e�d� �t�h�a�t�,� �i�n� �t�h�e� �c�a�s�e� �o�f� �a�n� �i�r�r�e�p�l�a�c�e�a�b�l�e� �c�o�m�m�o�d�i�t�y� �s�u�c�h� �a�s� 

�o�i�l�,� �p�r�o�d�u�c�i�n�g� �c�o�u�n�t�r�i�e�s� �s�h�o�u�l�d� �r�e�c�e�i�v�e� �e�n�o�u�g�h� �r�e�v�e�n�u�e� �t�o� �d�e�v�e�l�o�p� �a�n� �e�c�o�n�o�m�y� �t�h�a�t� �m�i�g�h�t� 

�s�u�s�t�a�i�n� �t�h�e�m� �w�h�e�n� �t�h�e� �o�i�l� �h�a�d� �g�o�n�e�.� �T�h�e�s�e� �"�a�r�t�i�f�i�c�i�a�l�"� �p�r�i�c�e�s� �w�o�u�l�d� �a�l�s�o� �b�e�n�e�f�i�t� �o�i�l� 

�c�o�n�s�u�m�e�r�s�,� �t�h�e� �a�r�g�u�m�e�n�t� �r�a�n�,� �b�y� �e�n�c�o�u�r�a�g�i�n�g� �w�i�s�e� �u�s�e� �a�n�d� �s�t�i�m�u�l�a�t�i�n�g� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 

�a�l�t�e�r�n�a�t�i�v�e� �f�u�e�l�s�.� �S�u�c�h� �p�l�e�a�s� �f�a�i�l�e�d� �t�o� �m�o�v�e� �t�h�e� �o�i�l� �c�o�m�p�a�n�i�e�s�.� �P�r�i�c�e� �"�n�e�g�o�t�i�a�t�i�o�n�s�"� 

�g�e�n�e�r�a�l�l�y� �c�o�n�s�i�s�t�e�d� �o�f� �t�h�e� �c�o�m�p�a�n�i�e�s� �s�e�t�t�i�n�g� �p�r�i�c�e�s� �a�n�d� �s�u�b�s�e�q�u�e�n�t�l�y� �i�n�f�o�r�m�i�n�g� �t�h�e� 

�p�r�o�d�u�c�i�n�g� �n�a�t�i�o�n�s� �o�f� �t�h�e�i�r� �d�e�c�i�s�i�o�n�.� 

� � 

�'�3�(�,�.� �c�o�n�t�i�n�u�e�d�)� 
�1�9�7�0� �N�a�t�i�o�n�a�l� �P�o�w�e�r� �S�u�r�v�e�y�,� �p�p�.� �4�/�1�7�-�4�/�1�9�.� �L�o�w� �p�r�i�c�e� �o�f� �o�i�l� �f�r�o�m� �M�.�A�.� �A�d�e�l�m�a�n�,� �"�O�P�E�C� �a�t� �T�h�i�r�t�y� �Y�e�a�r�s�:� �W�h�a�t� 
�H�a�v�e� �W�e� �L�e�a�r�n�e�d�?�"� �A�n�n�u�a�l� �R�e�v�i�e�w� �o�f� �E�n�e�r�g�y� �1�5� �(�1�9�9�0�)�,� �p�.� �1�.� 

�"�T�h�e� �E�n�d� �o�f� �E�a�s�y� �O�i�l�"� �b�y� �R�o�b�e�r�t� �S�t�o�b�a�u�g�h� �a�n�d� �D�a�n�i�e�l� �Y�e�r�g�i�n� �i�n� �S�t�o�b�a�u�g�h� �a�n�d� �Y�e�r�g�i�n� �(�e�d�s�.�)�,� �E�n�e�r�g�y� 
�F�u�t�u�r�e�:� �R�e�p�o�r�t� �o�f� �t�h�e� �E�n�e�r�g�y� �P�r�o�j�e�c�t� �a�t� �t�h�e� �H�a�r�v�a�r�d� �B�u�s�i�n�e�s�s� �S�c�h�o�o�l� �(�N�e�w� �Y�o�r�k�:� �B�a�l�l�a�n�t�i�n�e� �B�o�o�k�s�,� �1�9�7�9�)�,� �p�.� �1�.� 

�1�1



�I�n� �1�9�7�0�,� �h�o�w�e�v�e�r�,� �a�s� �o�i�l� �r�e�a�c�h�e�d� �i�t�s� �a�l�l�-�t�i�m�e� �l�o�w� �p�r�i�c�e�,� �o�n�l�y� �I�r�a�n� �a�n�d� �S�a�u�d�i� �A�r�a�b�i�a� 

�a�m�o�n�g� �w�o�r�l�d� �p�r�o�d�u�c�e�r�s� �r�e�t�a�i�n�e�d� �e�x�c�e�s�s� �p�r�o�d�u�c�t�i�o�n� �c�a�p�a�c�i�t�y�,� �a�n�d� �s�o�m�e� �O�P�E�C� �m�e�m�b�e�r�s� 

�r�e�n�e�w�e�d� �c�a�l�l�s� �t�o� �u�n�s�h�e�a�t�h�e� �t�h�e� �o�i�l� �w�e�a�p�o�n�.� �I�n� �1�9�7�1�,� �a� �p�i�p�e�l�i�n�e� �f�r�a�c�t�u�r�e� �a�n�d� �t�h�e� �o�n�g�o�i�n�g� 

�c�l�o�s�u�r�e� �o�f� �t�h�e� �S�u�e�z� �C�a�n�a�l� �d�u�e� �t�o� �t�h�e� �1�9�6�7� �w�a�r� �t�e�m�p�o�r�a�r�i�l�y� �f�o�r�c�e�d� �o�i�l�-�c�o�n�s�u�m�i�n�g� �n�a�t�i�o�n�s� �t�o� 

�r�e�l�y� �o�n� �L�i�b�y�a�n� �o�i�l�.� �T�h�e� �L�i�b�y�a�n� �l�e�a�d�e�r�,� �M�u�a�m�m�a�r� �e�l�-�Q�a�d�d�a�f�i�,� �t�o�o�k� �a�d�v�a�n�t�a�g�e� �o�f� �h�i�s� �p�o�s�i�t�i�o�n� 

�t�o� �s�q�u�e�e�z�e� �t�h�e� �W�e�s�t�e�r�n� �o�i�l� �c�o�m�p�a�n�i�e�s�.� �O�n�e� �b�y� �o�n�e�,� �t�h�e�y� �c�a�p�i�t�u�l�a�t�e�d�,� �a�n�d� �Q�a�d�d�a�f�i� �w�o�n� �a� 

�f�i�f�t�y�-�c�e�n�t�-�p�e�r�-�b�a�r�r�e�l� �p�r�i�c�e� �i�n�c�r�e�a�s�e�,� �t�h�e� �f�i�r�s�t� �i�n� �h�i�s�t�o�r�y�. ��°� 

�S�a�u�d�i� �A�r�a�b�i�a ��s� �K�i�n�g� �F�a�i�s�a�l�,� �l�e�a�d�e�r� �o�f� �t�h�e� �w�o�r�l�d ��s� �t�h�i�r�d�-�l�a�r�g�e�s�t� �o�i�l� �p�r�o�d�u�c�e�r� �(�a�f�t�e�r� 

�A�m�e�r�i�c�a� �a�n�d� �t�h�e� �S�o�v�i�e�t� �U�n�i�o�n�)� �a�n�d� �o�f� �O�P�E�C ��s� �"�m�o�d�e�r�a�t�e�"� �w�i�n�g�,� �l�o�o�k�e�d� �t�o� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� 

�t�o� �p�r�o�t�e�c�t� �t�h�e� �M�i�d�d�l�e� �E�a�s�t� �a�g�a�i�n�s�t� �c�o�m�m�u�n�i�s�m� �a�n�d� �d�o�m�e�s�t�i�c� �r�a�d�i�c�a�l�s�.� �N�e�v�e�r�t�h�e�l�e�s�s�,� �h�e� 

�w�a�r�n�e�d� �A�m�e�r�i�c�a� �i�n� �M�a�y� �o�f� �1�9�7�3� �t�h�a�t� �h�e� �w�o�u�l�d� �n�o�t� �c�o�n�d�o�n�e� �h�i�s� �n�a�t�i�o�n ��s� �f�u�r�t�h�e�r� 

�e�s�t�r�a�n�g�e�m�e�n�t� �w�i�t�h�i�n� �t�h�e� �A�r�a�b� �w�o�r�l�d�,� �a�n�d� �t�h�a�t� �W�e�s�t�e�r�n� �i�n�t�e�r�e�s�t�s� �w�o�u�l�d� �s�u�f�f�e�r� �u�n�l�e�s�s� �t�h�e�y� 

�r�e�s�p�e�c�t�e�d� �t�h�e� �a�g�e�n�d�a�s� �o�f� �t�h�e�i�r� �A�r�a�b� �a�l�l�i�e�s�.� �A�m�o�n�g� �t�h�o�s�e� �h�e�e�d�i�n�g� �s�u�c�h� �d�a�n�g�e�r� �s�i�g�n�a�l�s�,� �t�h�e� 

�S�t�a�t�e� �D�e�p�a�r�t�m�e�n�t ��s� �A�k�i�n�s� �p�u�b�l�i�s�h�e�d� �a�n� �a�r�t�i�c�l�e� �i�n� �A�p�r�i�l� �o�f� �1�9�7�3� �e�n�t�i�t�l�e�d� �"�T�h�e� �O�i�l� �C�r�i�s�i�s�:� �T�h�i�s� 

�T�i�m�e� �t�h�e� �W�o�l�f� �I�s� �H�e�r�e�.�"� �I�n� �i�t�,� �h�e� �e�x�p�r�e�s�s�e�d� �d�o�u�b�t� �t�h�a�t� �F�a�i�s�a�l ��s� �m�o�d�e�r�a�t�e� �t�e�n�d�e�n�c�i�e�s� �c�o�u�l�d� 

�c�a�r�r�y� �t�h�e� �d�a�y�,� �a�n�d� �w�a�r�n�e�d� �t�h�a�t� �"�t�h�e� �v�u�l�n�e�r�a�b�i�l�i�t�y� �o�f� �t�h�e� �a�d�v�a�n�c�e�d� �c�o�u�n�t�r�i�e�s� �i�s� �t�o�o� �g�r�e�a�t� �a�n�d� 

�t�o�o� �p�l�a�i�n�l�y� �e�v�i�d�e�n�t�.�"� �H�e� �u�r�g�e�d� �c�o�n�s�u�m�i�n�g� �n�a�t�i�o�n�s� �t�o� �c�o�o�p�e�r�a�t�e� �i�n� �s�e�e�k�i�n�g� �n�e�w� �s�o�u�r�c�e�s� �o�f� 

�h�y�d�r�o�c�a�r�b�o�n�s� �a�n�d� �i�n� �d�e�v�e�l�o�p�i�n�g� �n�e�w� �f�o�r�m�s� �o�f� �e�n�e�r�g�y�,� �a�n�d� �r�e�c�o�m�m�e�n�d�e�d� �f�o�r�m�a�t�i�o�n� �o�f� �a�n� 

�i�n�t�e�r�n�a�t�i�o�n�a�l� �c�o�u�n�c�i�l� �o�f� �o�i�l�-�c�o�n�s�u�m�i�n�g� �n�a�t�i�o�n�s� �t�o� �a�l�l�o�c�a�t�e� �s�u�p�p�l�i�e�s� �i�n� �t�i�m�e�s� �o�f� �s�h�o�r�t�a�g�e�,� �s�o� �a�s� 

�t�o� �a�v�o�i�d� �c�u�t�t�h�r�o�a�t� �c�o�m�p�e�t�i�t�i�o�n� �w�h�i�c�h� �m�i�g�h�t� �d�r�i�v�e� �u�p� �p�r�i�c�e�s�.�'�°� �E�v�e�n� �a�s� �p�e�t�r�o�l�e�u�m� �i�m�p�o�r�t�s� 

�c�o�n�t�i�n�u�e�d� �t�o� �r�i�s�e�-�-�3�.�2� �m�i�l�l�i�o�n� �b�a�r�r�e�l�s� �p�e�r� �d�a�y� �i�n� �1�9�7�0�,� �4�.�5� �i�n� �1�9�7�2�,� �6�.�2� �i�n� �t�h�e� �s�u�m�m�e�r� �o�f� 

� � 

�'�S�R�o�b�e�r�t� �S�t�o�b�a�u�g�h�,� �"�A�f�t�e�r� �t�h�e� �P�e�a�k�:� �t�h�e� �T�h�r�e�a�t� �o�f� �H�o�s�t�i�l�e� �O�i�l�"� �i�n� �S�t�o�b�a�u�g�h� �a�n�d� �Y�e�r�g�i�n�,� �E�n�e�r�g�y� �F�u�t�u�r�e�,� �p�p�.� 
�1�5�-�3�4�;� �J�a�m�e�s� �E�.� �A�k�i�n�s�,� �"�T�h�e� �O�i�l� �C�r�i�s�i�s�:� �T�h�i�s� �T�i�m�e� �t�h�e� �W�o�l�f� �I�s� �H�e�r�e�,�"� �F�o�r�e�i�g�n� �A�f�f�a�i�r�s� �5�1� �(�A�p�r�i�l� �1�9�7�3�)�,� �p�.� �4�7�0�;� �S�.� 
�F�r�e�d� �S�i�n�g�e�r�,� �"�T�h�e� �P�r�i�c�e� �o�f� �W�o�r�l�d� �O�i�l�,�"� �A�n�n�u�a�l� �R�e�v�i�e�w� �o�f� �E�n�e�r�g�y� �8� �(�1�9�8�3�)�,� �p�.� �4�6�4�.� �W�h�i�l�e� �p�o�s�t�-�c�o�l�o�n�i�a�l� �A�r�a�b� 
�r�h�e�t�o�r�i�c� �e�m�p�h�a�s�i�z�e�d� �a� �c�o�m�m�o�n� �e�t�h�n�i�c� �i�d�e�n�t�i�t�y�,� �m�a�n�y� �A�r�a�b� �c�o�u�n�t�r�i�e�s� �o�f� �t�h�e� �l�a�t�e� �1�9�6�0�s� �a�n�d� �1�9�7�0�s� �s�o�u�g�h�t� �n�a�t�i�o�n�a�l� 
�i�d�e�n�t�i�t�y� �a�s� �w�e�l�l�.� �I�n� �a�d�d�i�t�i�o�n�,� �r�a�p�i�d� �p�o�p�u�l�a�t�i�o�n� �g�r�o�w�t�h� �i�n�c�r�e�a�s�e�d� �r�e�v�e�n�u�e� �n�e�e�d�s�.� �T�h�e�s�e� �t�w�o� �f�a�c�t�o�r�s� �u�n�d�e�r�c�u�t� 
�O�P�E�C ��s� �e�f�f�o�r�t�s� �t�o� �c�o�o�r�d�i�n�a�t�e� �A�r�a�b� �p�o�l�i�t�i�c�s�.� �A�f�t�e�r� �1�9�8�2�,� �w�h�e�n� �O�P�E�C� �b�e�c�a�m�e� �a� �t�r�u�e� �c�a�r�t�e�l�,� �A�r�a�b� �m�e�m�b�e�r�s� �o�f�t�e�n� 
�a�c�c�u�s�e�d� �t�h�e�i�r� �n�e�i�g�h�b�o�r�s� �o�f� �f�l�o�u�t�i�n�g� �p�r�o�d�u�c�t�i�o�n� �q�u�o�t�a�s� �i�n� �o�r�d�e�r� �t�o� �m�a�k�e� �q�u�i�c�k� �p�r�o�f�i�t�s� �a�t� �t�h�e� �e�x�p�e�n�s�e� �o�f� �t�h�e�i�r� 
�f�e�l�l�o�w�s�.� �A�r�a�b� �u�n�i�t�y� �s�u�f�f�e�r�e�d� �s�u�b�s�t�a�n�t�i�a�l� �f�r�a�c�t�u�r�e�s�,� �g�r�e�a�t�l�y� �r�e�d�u�c�i�n�g� �O�P�E�C ��s� �e�f�f�e�c�t�i�v�e�n�e�s�s�,� �b�u�t� �t�o� �o�b�s�e�r�v�e�r�s� �i�n� �t�h�e� 
�W�e�s�t�,� �t�h�e� �u�n�i�t�e�d� �A�r�a�b� �f�r�o�n�t� �o�f� �t�h�e� �m�i�d�-�1�9�7�0�s� �s�e�e�m�e�d� �d�a�u�n�t�i�n�g�.� 

�'�6�A�k�i�n�s�,� �"�T�h�e� �O�i�l� �C�r�i�s�i�s�,�"� �p�p�.� �4�6�7�-�4�6�9�,� �4�8�7�.� 

�1�2



�1�9�7�3�-�-�J�o�h�n� �E�r�h�r�l�i�c�h�m�a�n�,� �P�r�e�s�i�d�e�n�t� �N�i�x�o�n ��s� �c�h�i�e�f� �d�o�m�e�s�t�i�c� �a�d�v�i�s�o�r�,� �t�o�l�d� �A�k�i�n�s� �t�h�a�t� 

�"�c�o�n�s�e�r�v�a�t�i�o�n� �i�s� �n�o�t� �t�h�e� �R�e�p�u�b�l�i�c�a�n� �e�t�h�i�c�.�"�" �� 

�E�h�r�l�i�c�h�m�a�n� �w�a�s� �n�o�t� �t�h�e� �o�n�l�y� �s�k�e�p�t�i�c�.� �I�n�d�u�s�t�r�y� �e�x�p�e�r�t� �M�.�A�.� �A�d�e�l�m�a�n�,� �a�n� �e�c�o�n�o�m�i�s�t� 

�a�t� �t�h�e� �M�a�s�s�a�c�h�u�s�e�t�t�s� �I�n�s�t�i�t�u�t�e� �o�f� �T�e�c�h�n�o�l�o�g�y�,� �s�t�a�t�e�d� �f�l�a�t�l�y� �i�n� �a� �1�9�7�2� �a�r�t�i�c�l�e� �t�h�a�t� �"�t�h�e� �w�o�r�l�d� 

�e�n�e�r�g�y� �c�r�i�s�i�s �� �o�r�  ��e�n�e�r�g�y� �s�h�o�r�t�a�g�e �� �i�s� �a� �f�i�c�t�i�o�n�.� �B�u�t� �b�e�l�i�e�f� �i�n� �t�h�e� �f�i�c�t�i�o�n� �i�s� �a� �f�a�c�t�.� �I�t� �m�a�k�e�s� 

�p�e�o�p�l�e� �a�c�c�e�p�t� �h�i�g�h�e�r� �o�i�l� �p�r�i�c�e�s� �a�s� �i�m�p�o�s�e�d� �b�y� �n�a�t�u�r�e�,� �w�h�e�n� �t�h�e�y� �a�r�e� �r�e�a�l�l�y� �f�i�x�e�d� �b�y� 

�c�o�l�l�u�s�i�o�n�.�"� �H�e� �a�t�t�r�i�b�u�t�e�d� �s�u�p�p�l�y� �p�r�o�b�l�e�m�s� �t�o� �t�h�e� �p�o�o�r�l�y� �i�n�f�o�r�m�e�d� �a�n�d� �d�i�s�o�r�g�a�n�i�z�e�d� �S�t�a�t�e� 

�D�e�p�a�r�t�m�e�n�t�,� �a�n�d� �t�o� �n�e�f�a�r�i�o�u�s� �m�a�n�i�p�u�l�a�t�i�o�n�s� �b�y� �t�h�e� �o�i�l� �c�o�m�p�a�n�i�e�s�.� �H�e� �p�a�i�n�t�e�d� �t�h�o�s�e� �f�i�r�m�s� �a�s� 

�"�t�h�e� �a�g�e�n�t�s� �o�f� �a� �f�o�r�e�i�g�n� �p�o�w�e�r�"� �u�s�i�n�g� �O�P�E�C� �p�r�i�c�e� �h�i�k�e�s� �a�s� �a� �s�m�o�k�e�s�c�r�e�e�n� �f�o�r� �i�n�c�r�e�a�s�i�n�g� 

�t�h�e�i�r� �o�w�n� �s�h�a�r�e� �o�f� �d�o�m�e�s�t�i�c� �f�u�e�l� �p�r�i�c�e�s�,� �a�n�d� �w�i�l�l�i�n�g� �t�o� �p�a�s�s� �a�n�y� �p�r�i�c�e� �i�n�c�r�e�a�s�e� �o�n� �t�o� �t�h�e�i�r� 

�c�u�s�t�o�m�e�r�s� �a�s� �l�o�n�g� �a�s� �t�h�e�y� �c�o�u�l�d� �a�s�s�u�r�e� �a� �s�t�e�a�d�y� �s�t�r�e�a�m� �o�f� �p�r�o�f�i�t�s� �f�o�r� �t�h�e�m�s�e�l�v�e�s�.�"� 

�T�h�e� �c�r�i�s�i�s�:� �w�a�r�,� �p�r�i�c�e� �i�n�c�r�e�a�s�e�s�,� �a�n�d� �e�m�b�a�r�g�o� 

�O�n� �O�c�t�o�b�e�r� �6�,� �1�9�7�3�,� �a�s� �I�s�r�a�e�l�i� �J�e�w�s� �c�l�o�s�e�t�e�d� �t�h�e�m�s�e�l�v�e�s� �f�o�r� �Y�o�m� �K�i�p�p�e�r�,� �a� �h�u�s�h�e�d� 

�d�a�y� �o�f� �p�r�a�y�e�r� �a�n�d� �a�t�o�n�e�m�e�n�t�,� �E�g�y�p�t�i�a�n� �a�n�d� �S�y�r�i�a�n� �j�e�t�s� �a�n�d� �a�r�t�i�l�l�e�r�y� �o�p�e�n�e�d� �f�i�r�e� �o�n� �I�s�r�a�e�l�i� 

�p�o�s�i�t�i�o�n�s� �a�l�o�n�g� �t�h�e� �S�u�e�z� �C�a�n�a�l�,� �i�n� �t�h�e� �S�i�n�a�i�,� �a�n�d� �o�n� �I�s�r�a�e�l ��s� �n�o�r�t�h�e�r�n� �b�o�r�d�e�r�.� �T�h�e� 

�u�n�p�r�e�p�a�r�e�d� �I�s�r�a�e�l�i�s� �f�o�u�g�h�t� �b�a�c�k�.� �A�s� �t�h�e� �w�o�r�l�d� �l�e�a�r�n�e�d� �o�f� �t�h�e� �S�o�v�i�e�t� �U�n�i�o�n ��s� �m�a�s�s�i�v�e� �e�f�f�o�r�t� 

�t�o� �r�e�s�u�p�p�l�y� �t�h�e� �A�r�a�b� �a�r�m�i�e�s�,� �P�r�e�s�i�d�e�n�t� �N�i�x�o�n� �p�r�o�c�l�a�i�m�e�d� �t�h�a�t� �C�o�m�m�u�n�i�s�t� �"�s�a�t�e�l�l�i�t�e�s�"� �m�u�s�t� 

�n�o�t� �d�e�f�e�a�t� �a�n� �A�m�e�r�i�c�a�n� �a�l�l�y�,� �a�n�d� �h�e� �a�u�t�h�o�r�i�z�e�d� �a� �s�i�m�i�l�a�r� �e�f�f�o�r�t� �i�n� �s�u�p�p�o�r�t� �o�f� �t�h�e� �b�e�l�e�a�g�u�e�r�e�d� 

� � 

�'�7�E�h�r�l�i�c�h�m�a�n ��s� �r�e�m�a�r�k� �q�u�o�t�e�d� �i�n� �D�a�n�i�e�l� �Y�e�r�g�i�n�,� �T�h�e� �P�r�i�z�e�:� �T�h�e� �E�p�i�c� �Q�u�e�s�t� �f�o�r� �O�i�l�,� �M�o�n�e�y�,� �a�n�d� �P�o�w�e�r� �(�N�e�w� 
�Y�o�r�k�:� �S�i�m�o�n� �&� �S�c�h�u�s�t�e�r�,� �1�9�9�1�)�,� �p�.� �5�9�1�.� �D�a�i�l�y� �i�m�p�o�r�t�s� �r�e�f�e�r� �n�o�t� �o�n�l�y� �t�o� �t�h�e� �c�r�u�d�e� �o�i�l� �b�u�r�n�e�d� �b�y� �u�t�i�l�i�t�i�e�s�,� �b�u�t� �a�l�s�o� 
�t�o� �r�e�f�i�n�e�d� �p�r�o�d�u�c�t�s� �s�u�c�h� �a�s� �g�a�s�o�l�i�n�e�.� 

�1�8�4�.�4�.� �A�d�e�l�m�a�n�,� �"�I�s� �t�h�e� �O�i�l� �S�h�o�r�t�a�g�e� �R�e�a�l�?� �O�i�l� �C�o�m�p�a�n�i�e�s� �a�s� �O�P�E�C� �T�a�x� �C�o�l�l�e�c�t�o�r�s�,�"� �F�o�r�e�i�g�n� �P�o�l�i�c�y� �9� 
�(�W�i�n�t�e�r� �1�9�7�2�-�1�9�7�3�)�,� �p�p�.� �6�9�-�1�0�7�.� �I�n� �e�a�r�l�y� �1�9�7�4�,� �d�u�r�i�n�g� �t�h�e� �e�m�b�a�r�g�o�,� �S�e�n�a�t�o�r� �H�e�n�r�y� �"�S�c�o�o�p�"� �J�a�c�k�s�o�n� �(�D�-�W�A�)�,� 
�c�h�a�i�r�m�a�n� �o�f� �t�h�e� �I�n�t�e�r�i�o�r� �C�o�m�m�i�t�t�e�e�,� �h�e�l�d� �h�e�a�r�i�n�g�s� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �t�h�e� �m�a�j�o�r� �o�i�l� �c�o�m�p�a�n�i�e�s� �h�a�d� �d�e�v�i�s�e�d� �t�h�e� 
�e�n�e�r�g�y� �"�c�r�i�s�i�s�"� �t�o� �s�q�u�e�e�z�e� �s�m�a�l�l� �i�n�d�e�p�e�n�d�e�n�t� �f�i�r�m�s� �o�u�t� �o�f� �b�u�s�i�n�e�s�s�,� �a�n�d� �e�l�i�m�i�n�a�t�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �l�a�w�s�.� �H�e� 
�a�c�c�u�s�e�d� �e�x�e�c�u�t�i�v�e�s� �o�f� �t�h�e� �s�e�v�e�n� �l�a�r�g�e�s�t� �c�o�m�p�a�n�i�e�s� �o�f� �m�a�k�i�n�g� �"�o�b�s�c�e�n�e� �p�r�o�f�i�t�s�"� �e�v�e�n� �a�s� �t�h�e� �e�m�b�a�r�g�o� �c�o�n�t�i�n�u�e�d�,� 
�p�o�i�n�t�i�n�g� �a�s� �e�v�i�d�e�n�c�e� �t�o� �E�x�x�o�n ��s� �1�9�7�3� �e�a�r�n�i�n�g�s�,� �u�p� �5�9�%� �o�v�e�r� �t�h�e� �p�r�e�v�i�o�u�s� �y�e�a�r�.� �Y�e�r�g�i�n�,� �T�h�e� �P�r�i�z�e�,� �p�.� �6�5�7�.� 
�W�h�e�t�h�e�r� �o�n�e� �a�t�t�r�i�b�u�t�e�s� �t�h�e� �c�r�i�s�i�s� �t�o� �a�n� �a�s�s�e�r�t�i�o�n� �o�f� �p�o�w�e�r� �b�y� �p�r�o�d�u�c�i�n�g� �n�a�t�i�o�n�s�,� �o�r� �a� �c�o�n�s�p�i�r�a�t�o�r�i�a�l� �g�r�a�b� �f�o�r� 
�p�r�o�f�i�t�s� �b�y� �W�e�s�t�e�r�n� �o�i�l� �c�o�m�p�a�n�i�e�s�,� �t�h�e� �e�f�f�e�c�t� �o�n� �t�h�e� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y� �s�y�s�t�e�m� �w�a�s� �t�h�e� �s�a�m�e�-�-�f�u�e�l� �s�h�o�r�t�a�g�e�s�,� �h�i�g�h�e�r� 
�b�i�l�l�s�,� �a�n�d� �c�o�n�s�u�m�e�r� �o�u�t�r�a�g�e�.� 

�1�3



�I�s�r�a�e�l�i�s�.� �N�i�x�o�n ��s� �d�e�c�i�s�i�o�n�,� �o�n�c�e� �i�t� �b�e�c�a�m�e� �p�u�b�l�i�c�,� �e�m�b�a�r�r�a�s�s�e�d� �F�a�i�s�a�l� �a�n�d� �h�i�s� �m�o�d�e�r�a�t�e� 

�a�l�l�i�e�s�,� �f�o�r�c�i�n�g� �t�h�e�m� �c�l�o�s�e�r� �t�o� �t�h�e�i�r� �m�o�r�e� �m�i�l�i�t�a�n�t� �n�e�i�g�h�b�o�r�s�.� 

�O�n� �O�c�t�o�b�e�r� �1�2�,� �a�s� �t�h�e� �w�a�r� �r�a�g�e�d�,� �r�e�p�r�e�s�e�n�t�a�t�i�v�e�s� �o�f� �t�h�e� �W�e�s�t�e�r�n� �o�i�l� �c�o�m�p�a�n�i�e�s� �m�e�t� 

�O�P�E�C� �o�i�l� �m�i�n�i�s�t�e�r�s� �i�n� �V�i�e�n�n�a� �t�o� �n�e�g�o�t�i�a�t�e� �o�i�l� �p�r�i�c�e�s�.� �T�h�e� �o�i�l� �c�o�m�p�a�n�i�e�s� �p�r�o�p�o�s�e�d� �a� �3�0�%� 

�i�n�c�r�e�a�s�e�;� �t�h�e� �p�r�o�d�u�c�i�n�g� �n�a�t�i�o�n�s� �c�o�u�n�t�e�r�e�d� �b�y� �o�f�f�e�r�i�n�g� �a� �1�0�0�%� �i�n�c�r�e�a�s�e�.� �F�r�o�m� �t�h�a�t� �i�m�p�a�s�s�e�,� 

�t�h�e� �W�e�s�t�e�r�n�e�r�s� �r�e�t�u�r�n�e�d� �h�o�m�e�.� �A�m�e�r�i�c�a�n�s� �h�e�a�r�d� �f�r�o�m� �a�n� �I�n�t�e�r�i�o�r� �D�e�p�a�r�t�m�e�n�t� �s�p�o�k�e�s�p�e�r�s�o�n� 

�t�h�a�t� �"�t�h�e� �o�d�d�s� �a�r�e� �t�e�n� �t�o� �o�n�e� �t�h�a�t� �w�e� �w�i�l�l� �h�a�v�e� �c�o�l�d� �h�o�m�e�s�,� �w�e� �w�i�l�l� �h�a�v�e� �c�o�l�d� �h�o�s�p�i�t�a�l�s�,� �w�e� 

�w�i�l�l� �h�a�v�e� �f�a�c�t�o�r�i�e�s� �f�o�r�c�e�d� �t�o� �c�l�o�s�e� �d�o�w�n�.�"� �P�r�e�s�i�d�e�n�t�i�a�l� �a�d�v�i�s�o�r� �M�e�l�v�i�n� �L�a�i�r�d� �s�u�g�g�e�s�t�e�d� �t�h�a�t� 

�t�h�e�y� �b�u�y� �s�w�e�a�t�e�r�s� �a�n�d� �p�r�e�p�a�r�e� �f�o�r� �f�u�e�l� �r�a�t�i�o�n�i�n�g�. �� 

�O�n� �O�c�t�o�b�e�r� �1�5�,� �a�f�t�e�r� �s�t�o�p�p�i�n�g� �t�h�e� �E�g�y�p�t�i�a�n� �a�r�m�y� �i�n� �t�h�e� �S�i�n�a�i� �P�a�s�s�,� �t�h�e� �I�s�r�a�e�l�i�s� 

�l�a�u�n�c�h�e�d� �t�h�e�i�r� �f�i�r�s�t� �s�u�c�c�e�s�s�f�u�l� �c�o�u�n�t�e�r�-�o�f�f�e�n�s�i�v�e�.� �T�h�e� �n�e�x�t� �d�a�y�,� �t�h�e� �O�P�E�C� �r�e�p�r�e�s�e�n�t�a�t�i�v�e�s� �o�f� 

�I�r�a�n�,� �I�r�a�q�,� �S�a�u�d�i� �A�r�a�b�i�a�,� �K�u�w�a�i�t�,� �Q�a�t�a�r� �a�n�d� �A�b�u� �D�h�a�b�i� �r�e�c�o�n�v�e�n�e�d� �i�n� �K�u�w�a�i�t� �C�i�t�y�,� �w�h�e�r�e� 

�t�h�e�y� �s�e�t� �t�h�e� �p�o�s�t�e�d� �p�r�i�c�e� �o�f� �c�r�u�d�e� �o�i�l� �a�t� �$�5�.�1�1� �p�e�r� �b�a�r�r�e�l�,� �a�n� �i�n�c�r�e�a�s�e� �o�f� �7�0�%�.� �J�u�s�t� �a�s� �t�h�e� �o�i�l� 

�c�o�m�p�a�n�i�e�s� �h�a�d� �f�o�r�m�e�r�l�y� �c�a�l�l�e�d� �t�h�e� �t�u�n�e�,� �f�r�o�m� �t�h�i�s� �p�o�i�n�t� �o�n� �t�h�e� �p�r�o�d�u�c�e�r�s� �a�b�a�n�d�o�n�e�d� 

�p�r�e�t�e�n�s�e� �t�h�a�t� �p�r�i�c�e�s� �r�e�s�u�l�t�e�d� �f�r�o�m� �b�i�l�a�t�e�r�a�l� �n�e�g�o�t�i�a�t�i�o�n�s�.� �T�h�e� �b�l�a�n�d� �o�b�s�e�r�v�a�t�i�o�n� �b�y� �o�n�e� 

�O�P�E�C� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �t�h�a�t� �h�i�g�h�e�r� �c�r�u�d�e� �p�r�i�c�e�s� �b�e�n�e�f�i�t�t�e�d� �A�m�e�r�i�c�a�-�-�"�W�e� �a�r�e� �h�e�l�p�i�n�g� �y�o�u� �f�i�n�d� 

�n�e�w� �e�n�e�r�g�y� �s�o�u�r�c�e�s� �m�o�r�e� �q�u�i�c�k�l�y�"�-�-�d�i�d� �n�o�t� �s�o�f�t�e�n� �t�h�e� �t�r�u�t�h�:� �t�h�e� �o�i�l� �w�e�a�p�o�n� �h�a�d� �a�r�r�i�v�e�d�. ��°� 

�O�n� �O�c�t�o�b�e�r� �1�7�,� �t�h�e� �I�r�a�n�i�a�n� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �l�e�f�t� �K�u�w�a�i�t� �C�i�t�y�.� �T�h�e� �r�e�m�a�i�n�i�n�g� �f�i�v�e� 

�r�e�p�r�e�s�e�n�t�a�t�i�v�e�s�,� �n�o�w� �a�l�l� �A�r�a�b�s�,� �a�g�r�e�e�d� �t�o� �c�u�t� �p�r�o�d�u�c�t�i�o�n� �b�y� �5�%�,� �a�n�d� �a�n� �a�d�d�i�t�i�o�n�a�l� �5�%� �e�a�c�h� 

�s�u�b�s�e�q�u�e�n�t� �m�o�n�t�h� �"�u�n�t�i�l� �a�n� �I�s�r�a�e�l�i� �w�i�t�h�d�r�a�w�a�l� �i�s� �c�o�m�p�l�e�t�e�d� �a�n�d� �u�n�t�i�l� �t�h�e� �r�e�s�t�o�r�a�t�i�o�n� �o�f� �t�h�e� 

�r�i�g�h�t�s� �o�f� �t�h�e� �P�a�l�e�s�t�i�n�i�a�n� �p�e�o�p�l�e�.�"� �(�T�h�e� �d�e�m�a�n�d�e�d� �w�i�t�h�d�r�a�w�a�l� �c�o�n�c�e�r�n�e�d� �l�a�n�d�s� �t�a�k�e�n� �b�y� 

� � 

�I�n�t�e�r�i�o�r� �D�e�p�a�r�t�m�e�n�t� �s�p�o�k�e�s�p�e�r�s�o�n� �a�n�d� �L�a�i�r�d� �q�u�o�t�e�d� �i�n� �"�C�o�l�d� �W�a�r�:� �R�e�d�u�c�e�d� �A�r�a�b� �O�i�l� �F�l�o�w� �P�r�o�m�i�s�e�s� �t�o� 
�M�a�k�e� �L�i�f�e� �D�i�f�f�i�c�u�l�t� �f�o�r� �A�m�e�r�i�c�a�n�s�,�"� �T�h�e� �W�a�l�l� �S�t�r�e�e�t� �J�o�u�r�n�a�l� �(�1�7� �O�c�t�o�b�e�r� �1�9�7�3�)�,� �p�p�.� �1�,� �1�9�.� �S�e�e� �Y�e�r�g�i�n�,� �T�h�e� 
�P�r�i�z�e�,� �p�p�.� �5�8�8�-�6�3�2�,� �f�o�r� �m�o�r�e� �o�n� �t�h�e� �e�m�b�a�r�g�o�.� 

�0�"�S�i�x� �O�i�l� �C�o�u�n�t�r�i�e�s� �R�a�i�s�e� �P�r�i�c�e� �1�7�%�,�"� �T�h�e� �N�e�w� �Y�o�r�k� �T�i�m�e�s� �(�1�7� �O�c�t�o�b�e�r� �1�9�7�3�)�,� �p�.� �1�6�;� �"�C�o�l�d� �W�a�r�,�"� �T�h�e� �W�a�l�l� 
�S�t�r�e�e�t� �J�o�u�r�n�a�l�,� �p�.� �1�9�;� �"�A�r�a�b�s� �C�u�t� �O�i�l� �E�x�p�o�r�t�s� �5�%� �a� �M�o�n�t�h�,�"� �T�h�e� �N�e�w� �Y�o�r�k� �T�i�m�e�s� �(�1�8� �O�c�t�o�b�e�r� �1�9�7�3�)�,� �p�p�.� �1�,� �1�8�.� 
�T�h�e� �p�r�i�c�e� �o�f� �$�5�.�1�1� �r�e�f�e�r�s� �t�o� �t�h�e� �p�o�s�t�e�d� �p�r�i�c�e�,� �u�s�e�d� �b�y� �p�r�o�d�u�c�i�n�g� �n�a�t�i�o�n�s� �a�s� �a� �s�t�a�n�d�a�r�d� �f�r�o�m� �w�h�i�c�h� �t�o� �s�e�t� �a�n� �e�x�c�i�s�e� 
�t�a�x� �o�n� �t�h�e� �o�i�l� �c�o�m�p�a�n�i�e�s�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �a�c�t�u�a�l� �m�a�r�k�e�t� �p�r�i�c�e�.� 

�1�4



�I�s�r�a�e�l�i� �i�n� �t�h�e� �1�9�6�7� �w�a�r�.�)� �O�n� �O�c�t�o�b�e�r� �1�9�,� �C�o�n�g�r�e�s�s� �a�p�p�r�o�v�e�d� �a� �p�a�c�k�a�g�e� �o�f� �$�2�.�2� �b�i�l�l�i�o�n� �i�n� 

�m�i�l�i�t�a�r�y� �a�i�d� �f�o�r� �I�s�r�a�e�l�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �d�a�y�,� �a�s� �a� �d�i�s�t�r�a�c�t�e�d� �N�i�x�o�n� �s�t�r�u�g�g�l�e�d� �t�o� �m�a�i�n�t�a�i�n� 

�c�o�n�t�r�o�l� �o�f� �t�h�e� �W�a�t�e�r�g�a�t�e� �t�a�p�e�s�,� �t�h�e� �S�a�u�d�i�s� �h�a�l�t�e�d� �o�i�l� �d�e�l�i�v�e�r�i�e�s� �t�o� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�.� �O�t�h�e�r� 

�A�r�a�b� �m�e�m�b�e�r�s� �o�f� �O�P�E�C� �s�o�o�n� �j�o�i�n�e�d� �t�h�e� �e�m�b�a�r�g�o�.� �N�o�n�-�A�r�a�b� �m�e�m�b�e�r�s�,� �i�n�c�l�u�d�i�n�g� 

�V�e�n�e�z�u�e�l�a�,� �N�i�g�e�r�i�a� �a�n�d� �e�s�p�e�c�i�a�l�l�y� �I�r�a�n�,� �t�o�o�k� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� �W�e�s�t ��s� �p�r�e�d�i�c�a�m�e�n�t� �b�y� 

�b�o�o�s�t�i�n�g� �p�r�i�c�e�s�,� �a�n�d�,� �w�h�e�r�e� �p�o�s�s�i�b�l�e�,� �p�r�o�d�u�c�t�i�o�n�.� �C�r�u�d�e� �o�i�l� �r�e�a�c�h�e�d� �$�1�1�.�6�5� �p�e�r� �b�a�r�r�e�l� �i�n� 

�D�e�c�e�m�b�e�r� �1�9�7�3�,� �a�n�d� �s�p�o�t� �m�a�r�k�e�t� �b�i�d�d�i�n�g� �h�i�t� �$�1�7� �b�e�f�o�r�e� �t�h�e� �e�m�b�a�r�g�o� �e�n�d�e�d� �i�n� �m�i�d�-�M�a�r�c�h� �o�f� 

�1�9�7�4�.�7�)� 

�E�f�f�e�c�t�s� �o�f� �t�h�e� �c�r�i�s�i�s�:� �c�a�l�l�s� �f�o�r� �a� �m�a�n�a�g�e�d� �e�n�e�r�g�y� �e�c�o�n�o�m�y� 

�T�h�r�o�u�g�h�o�u�t� �t�h�e� �f�r�i�g�i�d� �w�i�n�t�e�r� �o�f� �1�9�7�3�-�1�9�7�4�,� �A�m�e�r�i�c�a�n�s� �s�u�f�f�e�r�e�d� �g�a�s�o�l�i�n�e� �s�h�o�r�t�a�g�e�s�,� 

�c�o�l�d� �h�o�u�s�e�s�,� �a�n�d� �r�i�s�i�n�g� �f�u�e�l� �a�n�d� �e�l�e�c�t�r�i�c� �b�i�l�l�s�.� �E�q�u�a�l�l�y� �d�a�m�a�g�i�n�g�,� �p�e�r�h�a�p�s�,� �t�h�e�y� �b�r�o�o�d�e�d� 

�o�v�e�r� �t�h�e� �c�h�i�l�l�i�n�g� �e�f�f�e�c�t� �o�n� �t�h�e�i�r� �c�o�m�f�o�r�t�a�b�l�e� �l�i�f�e�s�t�y�l�e� �o�f� �a� �g�r�o�u�p� �o�f� �s�m�a�l�l� �n�a�t�i�o�n�s�,� �w�h�i�c�h� 

�m�a�n�y� �A�m�e�r�i�c�a�n�s� �h�a�d� �h�i�t�h�e�r�t�o� �c�o�n�t�e�m�p�t�u�o�u�s�l�y� �i�g�n�o�r�e�d�.� �P�a�r�t�i�c�u�l�a�r�l�y� �i�r�k�s�o�m�e� �c�a�m�e� �t�h�e� 

�p�e�d�a�n�t�r�y� �o�f� �A�m�e�r�i�c�a ��s� �p�a�t�r�i�c�i�a�n� �a�l�l�y�,� �t�h�e� �S�h�a�h� �o�f� �I�r�a�n�:� 

�R�e�a�l�l�y�,� �o�i�l� �1�s� �a�l�m�o�s�t� �a� �n�o�b�l�e� �p�r�o�d�u�c�t�.� �W�e� �w�e�r�e�.�.�.� �c�a�r�e�l�e�s�s� �t�o� �u�s�e� �o�i�l� �f�o�r� �h�e�a�t�i�n�g� 
�h�o�u�s�e�s� �a�n�d� �e�v�e�n� �g�e�n�e�r�a�t�i�n�g� �e�l�e�c�t�r�i�c�i�t�y�,� �w�h�e�n� �t�h�i�s� �c�o�u�l�d� �s�o� �e�a�s�i�l�y� �b�e� �d�o�n�e� �b�y� �c�o�a�l�.� 
�W�h�y� �f�i�n�i�s�h� �t�h�i�s� �n�o�b�l�e� �p�r�o�d�u�c�t� �i�n�,� �s�a�y�,� �t�h�i�r�t�y� �y�e�a�r�s �� �t�i�m�e�,� �w�h�e�n� �t�h�o�u�s�a�n�d�s� �o�f� �b�i�l�l�i�o�n�s� 
�o�f� �t�o�n�s� �o�f� �c�o�a�l� �r�e�m�a�i�n� �i�n� �t�h�e� �g�r�o�u�n�d�?� �[�T�h�e� �i�n�d�u�s�t�r�i�a�l� �n�a�t�i�o�n�s� �w�i�l�l�]� �h�a�v�e� �t�o� �t�i�g�h�t�e�n� 
�t�h�e�i�r� �b�e�l�t�s�;� �e�v�e�n�t�u�a�l�l�y� �a�l�l� �t�h�o�s�e� �c�h�i�l�d�r�e�n� �o�f� �w�e�l�l�-�t�o�-�d�o� �f�a�m�i�l�i�e�s� �w�h�o� �h�a�v�e� �p�l�e�n�t�y� �t�o� �e�a�t� 
�a�t� �e�v�e�r�y� �m�e�a�l�,� �w�h�o� �h�a�v�e� �t�h�e�i�r� �c�a�r�s�.�.�.� �w�i�l�l� �h�a�v�e� �t�o� �r�e�t�h�i�n�k� �a�l�l� �t�h�e�s�e� �a�s�p�e�c�t�s� �o�f� �t�h�e� 
�a�d�v�a�n�c�e�d� �i�n�d�u�s�t�r�i�a�l� �w�o�r�l�d�.� �A�n�d� �t�h�e�y� �w�i�l�l� �h�a�v�e� �t�o� �w�o�r�k� �h�a�r�d�e�r�.�.�.� �Y�o�u�r� �y�o�u�n�g� �b�o�y�s� 
�a�n�d� �y�o�u�n�g� �g�i�r�l�s� �w�h�o� �r�e�c�e�i�v�e� �s�o� �m�u�c�h� �m�o�n�e�y� �f�r�o�m� �t�h�e�i�r� �f�a�t�h�e�r�s� �w�i�l�l� �a�l�s�o� �h�a�v�e� �t�o� 
�t�h�i�n�k� �t�h�a�t� �t�h�e�y� �m�u�s�t� �e�a�r�n� �t�h�e�i�r� �l�i�v�i�n�g� �s�o�m�e�h�o�w�. �� 

� � 

�?�!�"�A�r�a�b� �C�o�u�n�t�r�i�e�s� �R�e�d�u�c�e� �T�h�e�i�r� �P�e�t�r�o�l�e�u�m� �P�r�o�d�u�c�t�i�o�n� �5�%� �A�s� �L�a�t�e�s�t� �P�r�o�t�e�s�t� �A�g�a�i�n�s�t� �W�e�s�t�e�r�n� �S�u�p�p�o�r�t� �f�o�r� 
�I�s�r�a�e�l�,�"� �T�h�e� �W�a�l�l� �S�t�r�e�e�t� �J�o�u�r�n�a�l� �(�1�8� �O�c�t�o�b�e�r� �1�9�7�3�)�,� �p�.� �3�;� �"�O�i�l� �F�l�o�w� �t�o� �U�.�S�.� �H�a�l�t�e�d� �b�y� �S�a�u�d�i�s�,�"� �T�h�e� �N�e�w� �Y�o�r�k� 
�T�i�m�e�s� �(�2�1� �O�c�t�o�b�e�r� �1�9�7�3�)�,� �p�.� �2�8�;� �"�4� �M�o�r�e� �A�r�a�b� �G�o�v�e�r�n�m�e�n�t�s� �B�a�r� �O�i�l� �S�u�p�p�l�i�e�s� �f�o�r� �U�.�S�.�,�"� �T�h�e� �N�e�w� �Y�o�r�k� �T�i�m�e�s� 
�(�2�2� �O�c�t�o�b�e�r� �1�9�7�3�)�,� �p�.� �1�;� �"�V�e�n�e�z�u�e�l�a� �S�e�t�s� �O�i�l�-�P�r�i�c�e� �B�o�o�s�t�;� �N�i�g�e�r�i�a� �t�o� �F�o�l�l�o�w�,�"� �T�h�e� �W�a�l�l� �S�t�r�e�e�t� �J�o�u�r�n�a�l� �(�2�9� 
�O�c�t�o�b�e�r� �1�9�7�3�)�,� �p�.� �3�.� �O�P�E�C� �t�o�o�k� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �f�o�r� �t�h�e� �p�r�i�c�e� �i�n�c�r�e�a�s�e�s�,� �w�h�i�c�h� �t�h�e�y� �e�x�p�l�a�i�n�e�d� �a�s� 
�n�a�t�u�r�a�l� �r�e�s�u�l�t�s� �o�f� �t�h�e� �e�v�o�l�v�i�n�g� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �p�e�t�r�o�l�e�u�m� �b�u�s�i�n�e�s�s�.� �I�n� �c�o�n�t�r�a�s�t�,� �t�h�e� �e�m�b�a�r�g�o� �w�a�s� �a�n� �A�r�a�b� 
�r�e�s�p�o�n�s�e� �t�o� �W�e�s�t�e�r�n� �s�u�p�p�o�r�t� �o�f� �I�s�r�a�e�l�.� �I�n� �t�h�e� �p�r�e�s�e�n�t� �a�n�a�l�y�s�i�s�,� �h�o�w�e�v�e�r�,� �b�o�t�h� �a�c�t�s� �t�a�k�e�n� �t�o�g�e�t�h�e�r� �d�e�m�o�n�s�t�r�a�t�e� �t�h�e� 
�v�u�l�n�e�r�a�b�i�l�i�t�y� �o�f� �t�h�e� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y� �i�n�d�u�s�t�r�y� �t�o� �a�n� �a�c�t�o�r� �i�t� �h�a�d� �c�u�s�t�o�m�a�r�i�l�y� �i�g�n�o�r�e�d�.� 

�2�R�e�z�a� �P�a�h�l�e�v�i�,� �q�u�o�t�e�d� �i�n� �Y�e�r�g�i�n�,� �T�h�e� �P�r�i�z�e�,� �p�.� �6�2�6�.� 
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�T�a�k�e�n� �w�i�t�h� �t�h�e� �c�o�n�c�u�r�r�e�n�t� �p�r�o�b�l�e�m�s� �o�f� �i�n�f�l�a�t�i�o�n�,� �W�a�t�e�r�g�a�t�e�,� �a�n�d� �t�h�e� �c�o�n�t�i�n�u�i�n�g� �w�a�r� �i�n� �V�i�e�t� 

�N�a�m�,� �t�h�e� �o�i�l� �p�r�i�c�e� �h�i�k�e�s� �a�n�d� �e�m�b�a�r�g�o� �a�d�d�e�d� �t�o� �t�h�e� �s�e�n�s�e� �o�f� �n�a�t�i�o�n�a�l� �i�m�p�o�t�e�n�c�e� �a�n�d� �t�o� �t�h�e� 

�p�e�r�v�a�s�i�v�e� �l�o�n�g�i�n�g� �f�o�r� �b�o�l�d� �a�c�t�i�o�n�.� 

�T�h�e� �s�h�a�r�p� �l�e�s�s�o�n� �o�f� �t�h�e� �o�i�l� �e�m�b�a�r�g�o� �r�e�c�e�i�v�e�d� �r�e�i�n�f�o�r�c�e�m�e�n�t� �i�n� �1�9�7�9�,� �w�h�e�n� �t�h�e� 

�S�h�a�h ��s� �g�o�v�e�r�n�m�e�n�t� �f�e�l�l� �t�o� �a� �f�u�n�d�a�m�e�n�t�a�l�i�s�t� �I�s�l�a�m�i�c� �r�e�v�o�l�u�t�i�o�n�,� �o�c�c�a�s�i�o�n�i�n�g� �a� �s�e�c�o�n�d� �e�n�e�r�g�y� 

�c�r�i�s�i�s�.� �T�h�e� �t�w�o� �o�i�l� �s�h�o�c�k�s� �p�r�o�v�o�k�e�d� �a� �s�p�a�t�e� �o�f� �p�o�l�i�c�y� �r�e�f�l�e�c�t�i�o�n�s� �a�n�d� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �o�n� 

�t�h�e� �p�a�r�t� �o�f� �p�o�l�i�t�i�c�i�a�n�s� �a�n�d� �s�c�h�o�l�a�r�s�.� �M�a�n�y� �o�f� �t�h�e�s�e� �p�u�n�d�i�t�s� �a�r�g�u�e�d� �t�h�a�t� �o�n�l�y� �F�e�d�e�r�a�l� �t�a�k�e�o�v�e�r� 

�o�f� �t�h�e� �"�e�n�e�r�g�y� �e�c�o�n�o�m�y�"� �c�o�u�l�d� �p�r�e�v�e�n�t� �i�m�m�i�n�e�n�t� �d�i�s�a�s�t�e�r�.� �T�h�u�s�,� �a�p�a�r�t� �f�r�o�m� �t�h�e� �f�u�e�l�-�s�u�p�p�l�y� 

�"�c�r�i�s�i�s�,�"� �t�h�e� �u�t�i�l�i�t�y� �i�n�d�u�s�t�r�y� �s�u�f�f�e�r�e�d� �a�d�d�i�t�i�o�n�a�l� �s�t�r�e�s�s ��?� �a�s� �m�a�n�y� �A�m�e�r�i�c�a�n�s� �c�a�m�e� �t�o� �b�e�l�i�e�v�e� 

�t�h�a�t� �t�h�e� �e�n�t�i�r�e� �a�p�p�a�r�a�t�u�s� �r�e�q�u�i�r�e�d� �r�a�d�i�c�a�l� �r�e�s�t�r�u�c�t�u�r�i�n�g�. ��*� 

�A�n�a�l�y�s�t�s� �d�i�s�a�g�r�e�e�d� �o�n� �t�h�e� �c�a�u�s�e�s� �o�f�,� �a�n�d� �s�o�l�u�t�i�o�n�s� �t�o�,� �A�m�e�r�i�c�a ��s� �e�n�e�r�g�y� �p�r�o�b�l�e�m�,� �b�u�t� 

�m�o�s�t� �f�o�u�n�d� �t�h�e� �s�i�t�u�a�t�i�o�n� �g�r�a�v�e�.� �O�n�e� �a�u�t�h�o�r� �p�r�e�d�i�c�t�e�d� �i�n� �a�n� �a�r�t�i�c�l�e� �t�i�t�l�e�d� �"�O�i�l� �a�n�d� �t�h�e� 

�D�e�c�l�i�n�e� �o�f� �t�h�e� �W�e�s�t�"� �t�h�a�t� �t�h�e� �w�o�r�l�d� �w�o�u�l�d� �p�r�o�v�e� �i�n�c�a�p�a�b�l�e� �o�f� �m�a�n�a�g�i�n�g� �p�e�t�r�o�l�e�u�m� �r�e�s�e�r�v�e�s�.� 

�"�I�n�s�t�e�a�d�,�"� �h�e� �o�p�i�n�e�d� �g�l�u�m�l�y�,� �"�w�e� �w�i�l�l� �p�r�o�b�a�b�l�y� �b�e� �c�o�n�f�r�o�n�t�e�d� �b�y� �a� �s�e�r�i�e�s� �o�f� �m�a�j�o�r� �o�i�l� 

�c�r�i�s�e�s�.�.�.� �T�h�e� �w�o�r�l�d�,� �a�s� �w�e� �k�n�o�w� �i�t� �n�o�w�,� �w�i�l�l� �p�r�o�b�a�b�l�y� �n�o�t� �b�e� �a�b�l�e� �t�o� �m�a�i�n�t�a�i�n� �i�t�s� 

�c�o�h�e�s�i�o�n�.�" ��?� �I�n� �a�n�o�t�h�e�r� �e�x�a�m�p�l�e�,� �a� �1�9�7�9� �r�e�p�o�r�t� �b�y� �t�h�e� �E�n�e�r�g�y� �P�r�o�j�e�c�t� �o�f� �t�h�e� �H�a�r�v�a�r�d� 

� � 

�*�>�H�i�g�h�e�r� �o�i�l� �p�r�i�c�e�s� �a�p�p�l�i�e�d� �l�e�s�s� �o�f� �a� �d�i�r�e�c�t� �s�t�r�e�s�s� �o�n� �u�t�i�l�i�t�i�e�s� �t�h�a�n� �o�n�e� �m�i�g�h�t� �t�h�i�n�k�.� �B�y� �1�9�6�0�,� �m�a�n�y� �s�t�a�t�e� 
�r�e�g�u�l�a�t�o�r�y� �c�o�m�m�i�s�s�i�o�n�s� �i�n�c�o�r�p�o�r�a�t�e�d� �a� �"�f�u�e�l� �a�d�j�u�s�t�m�e�n�t� �c�l�a�u�s�e�"� �i�n� �i�n�d�u�s�t�r�i�a�l� �a�n�d� �c�o�m�m�e�r�c�i�a�l� �e�l�e�c�t�r�i�c�i�t�y� �r�a�t�e�s�,� 
�a�l�l�o�w�i�n�g� �u�t�i�l�i�t�i�c�s� �t�o� �p�a�s�s� �c�h�a�n�g�e�s� �i�n� �t�h�e� �p�r�i�c�e� �o�f� �f�u�e�l� �d�i�r�e�c�t�l�y� �t�o� �t�h�e�i�r� �c�u�s�t�o�m�e�r�s�.� �I�n� �t�h�e� �1�9�7�0�s�,� �a�s� �o�i�l� �p�r�i�c�e�s� �r�o�s�e� 
�r�a�p�i�d�l�y�,� �s�u�c�h� �a�d�j�u�s�t�m�e�n�t�s� �b�e�c�a�m�e� �c�o�m�m�o�n� �i�n� �r�e�s�i�d�e�n�t�i�a�l� �r�a�t�e�s� �a�s� �w�e�l�l�.� �T�h�u�s�,� �t�h�e� �s�t�r�e�s�s� �o�n� �u�t�i�l�i�t�i�e�s� �c�a�m�e� �f�r�o�m� 
�o�u�t�r�a�g�e�d� �c�u�s�t�o�m�e�r�s�,� �s�o�m�e� �o�f� �w�h�o�m� �o�b�j�e�c�t�e�d� �t�h�a�t� �f�u�e�l�-�a�d�j�u�s�t�m�e�n�t� �c�l�a�u�s�e�s� �r�e�m�o�v�e�d� �u�t�i�l�i�t�i�e�s �� �i�n�c�e�n�t�i�v�e� �t�o� �u�s�e� �f�u�e�l� 
�e�f�f�i�c�i�e�n�t�l�y�.� �(�U�t�i�l�i�t�i�e�s� �c�o�m�p�l�a�i�n�e�d� �o�f� �a� �"�r�e�g�u�l�a�t�o�r�y� �l�a�g �� �b�e�t�w�e�e�n� �r�i�s�e�s� �i�n� �f�u�e�l� �p�r�i�c�e�s� �a�n�d� �t�h�e� �a�u�t�h�o�r�i�z�a�t�i�o�n� �o�f� 
�r�a�t�e�p�a�y�e�r� �c�o�m�p�e�n�s�a�t�i�o�n� �b�y� �t�h�e�i�r� �p�u�b�l�i�c� �u�t�i�l�i�t�y� �c�o�m�m�i�s�s�i�o�n�.�)� �S�e�e� �"�E�n�e�r�g�y� �C�o�s�t� �A�d�j�u�s�t�m�e�n�t� �C�l�a�u�s�e�"� �i�n� �R�e�s�o�u�r�c�e�:� 
�A�n� �E�n�c�y�c�l�o�p�e�d�i�a� �o�f� �E�n�e�r�g�y� �U�t�i�l�i�t�y� �T�e�r�m�s�,� �2�n�d� �e�d�.� �(�S�a�n� �F�r�a�n�c�i�s�c�o�:� �P�a�c�i�f�i�c� �G�a�s� �&� �E�l�e�c�t�r�i�c� �C�o�.�,� �1�9�9�1�)�,� �p�p�.� �1�9�2�-� 
�1�9�3�.� �F�u�e�l� �c�l�a�u�s�e�s� �a�n�d� �t�h�e�i�r� �c�r�i�t�i�c�s� �p�e�r�s�i�s�t�.� �S�e�e� �R�i�c�h�a�r�d� �E�.� �M�o�r�g�a�n�,� �"�T�i�m�e� �t�o� �F�a�c�e� �F�A�C�s�:� �H�o�w� �F�u�e�l� �C�l�a�u�s�e�s� 
�U�n�d�e�r�m�i�n�e� �E�n�e�r�g�y� �E�f�f�i�c�i�e�n�c�y�,�"� �T�h�e� �E�l�e�c�t�r�i�c�i�t�y� �J�o�u�r�n�a�l� �6� �(�O�c�t�o�b�e�r� �1�9�9�3�)�,� �p�p�.� �3�4�-�4�1�.� 

�*�4�C�u�r�r�e�n�t� �a�n�a�l�y�s�t�s� �g�e�n�e�r�a�l�l�y� �c�a�l�l� �t�h�e� �s�e�c�o�n�d� �o�i�l� �s�h�o�c�k� �a� �d�i�s�t�r�i�b�u�t�i�o�n� �p�r�o�b�l�e�m�.� �S�a�u�d�i� �p�r�o�d�u�c�t�i�o�n� �b�o�o�s�t�s� �a�l�m�o�s�t� 
�c�o�m�p�l�e�t�e�l�y� �m�a�d�e� �u�p� �f�o�r� �t�h�e� �o�i�l� �w�i�t�h�d�r�a�w�n� �f�r�o�m� �t�h�e� �m�a�r�k�e�t� �b�y� �t�h�e� �I�r�a�n�i�a�n� �r�e�v�o�l�u�t�i�o�n�a�r�i�e�s�.� �H�o�w�e�v�e�r�,� �p�a�n�i�c�k�e�d� 
�W�e�s�t�e�r� �n�a�t�i�o�n�s� �s�e�e�k�i�n�g� �t�o� �i�n�f�l�a�t�e� �t�h�e�i�r� �r�e�s�e�r�v�e�s� �r�e�f�u�s�e�d� �t�o� �c�o�o�p�e�r�a�t�e� �b�y� �l�i�m�i�t�i�n�g� �b�i�d� �p�r�i�c�e�s�,� �o�r� �b�y� �a�l�l�o�c�a�t�i�n�g� 
�a�v�a�i�l�a�b�l�e� �s�u�p�p�l�i�e�s�.� �I�n� �t�h�e� �f�r�a�c�a�s�,� �p�r�i�c�e�s� �r�o�s�e� �o�v�e�r� �1�5�0�%�,� �s�h�o�w�i�n�g� �a�g�a�i�n� �t�h�e� �v�u�l�n�e�r�a�b�i�l�i�t�y� �o�f� �d�o�m�e�s�t�i�c� �o�i�l� �u�s�e�r�s�.� 
�S�e�e� �E�.�W�.� �C�o�l�g�l�a�z�i�e�r� �a�n�d� �D�a�v�i�d� �A�.� �D�e�e�s�e�,� �"�E�n�e�r�g�y� �a�n�d� �S�e�c�u�r�i�t�y� �i�n� �t�h�e� �1�9�8�0�s�,�"� �A�n�n�u�a�l� �R�e�v�i�e�w� �o�f� �E�n�e�r�g�y� �8� 
�(�1�9�8�3�)�,� �p�p�.� �4�1�5�-�4�2�0�.� 

�>�W�a�l�t�e�r� �J�.� �L�e�v�y�,� �"�O�i�l� �a�n�d� �t�h�e� �D�e�c�l�i�n�e� �o�f� �t�h�e� �W�e�s�t�,�"� �F�o�r�e�i�g�n� �A�f�f�a�i�r�s� �5�8� �(�S�u�m�m�e�r� �1�9�8�0�)�,� �p�.� �1�0�1�5�.� 

�1�6



�B�u�s�i�n�e�s�s� �S�c�h�o�o�l� �f�o�u�n�d� �t�h�a�t� �t�h�e� �c�r�i�s�i�s� �"�c�o�n�s�t�i�t�u�t�e�d� �a� �t�u�r�n�i�n�g� �p�o�i�n�t� �i�n� �p�o�s�t�w�a�r� �h�i�s�t�o�r�y�.�.�.� �I�t� 

�i�n�t�e�r�r�u�p�t�e�d� �o�r� �p�e�r�h�a�p�s� �e�v�e�n� �p�e�r�m�a�n�e�n�t�l�y� �s�l�o�w�e�d� �p�o�s�t�w�a�r� �e�c�o�n�o�m�i�c� �g�r�o�w�t�h�.� �A�n�d� �i�t� �s�e�t� �i�n� 

�m�o�t�i�o�n� �a� �d�r�a�s�t�i�c� �s�h�i�f�t� �i�n� �w�o�r�l�d� �p�o�w�e�r�.�"� �W�h�i�l�e� �m�a�n�y� �d�e�v�e�l�o�p�i�n�g� �n�a�t�i�o�n�s� �r�e�a�d� �t�h�e� �"�c�r�i�s�i�s�"� �a�s� 

�a� �l�o�n�g�-�a�w�a�i�t�e�d� �s�i�g�n� �t�h�a�t� �t�h�e� �w�o�r�l�d� �h�a�d� �r�e�a�c�h�e�d� �a� �m�o�r�e� �e�q�u�i�t�a�b�l�e� �b�a�l�a�n�c�e� �o�f� �p�o�w�e�r�,� �a�n�d� 

�a�l�t�h�o�u�g�h� �s�o�m�e� �A�m�e�r�i�c�a�n�s� �h�o�p�e�f�u�l�l�y� �d�i�s�m�i�s�s�e�d� �i�t� �a�s� �a� �f�r�e�a�k� �o�c�c�u�r�r�e�n�c�e�,� �t�h�e� �H�a�r�v�a�r�d� �s�c�h�o�l�a�r�s� 

�i�n�t�e�r�p�r�e�t�e�d� �i�t� �a�s� �"�a� �w�a�r�n�i�n�g� �o�f� �a� �f�u�n�d�a�m�e�n�t�a�l� �a�n�d� �d�a�n�g�e�r�o�u�s� �d�i�s�o�r�d�e�r�.�" ��°� 

�T�h�e� �n�e�e�d� �f�o�r� �a� �n�a�t�i�o�n�a�l� �e�n�e�r�g�y� �p�o�l�i�c�y� �p�r�o�v�i�d�e�d� �a� �c�o�m�m�o�n� �t�h�e�m�e� �t�o� �m�a�n�y� �s�t�u�d�i�e�s� 

�p�e�r�f�o�r�m�e�d� �a�t� �t�h�e� �t�i�m�e�.� �T�h�e� �E�n�e�r�g�y� �P�o�l�i�c�y� �P�r�o�j�e�c�t�,� �f�u�n�d�e�d� �b�y� �t�h�e� �F�o�r�d� �F�o�u�n�d�a�t�i�o�n� �a�n�d� 

�h�e�a�d�e�d� �b�y� �S�.� �D�a�v�i�d� �F�r�e�e�m�a�n�,� �a� �f�o�r�m�e�r� �W�h�i�t�e� �H�o�u�s�e� �e�n�e�r�g�y� �a�d�v�i�s�o�r�,� �s�p�o�k�e� �f�o�r� �m�a�n�y� 

�A�m�e�r�i�c�a�n�s� �i�n� �c�a�l�l�i�n�g� �f�o�r� �i�n�c�i�s�i�v�e� �a�c�t�i�o�n�,� �a�n�d� �w�a�r�n�i�n�g� �t�h�a�t� �"�d�r�i�f�t� �i�s� �s�u�r�e�l�y� �t�h�e� �w�o�r�s�t� �o�f� �t�h�e� 

�a�l�t�e�r�n�a�t�i�v�e�s� �b�e�f�o�r�e� �u�s�.�"� �T�h�e� �r�e�p�o�r�t� �q�u�e�s�t�i�o�n�e�d� �c�o�n�v�e�n�t�i�o�n�a�l� �u�t�i�l�i�t�y� �o�p�e�r�a�t�i�n�g� �s�t�r�a�t�e�g�i�e�s� �a�i�m�e�d� 

�a�t� �i�n�c�r�e�a�s�i�n�g� �d�e�m�a�n�d�,� �n�o�t�i�n�g� �t�h�a�t� �n�e�w�,� �l�a�r�g�e�r� �g�e�n�e�r�a�t�i�n�g� �f�a�c�i�l�i�t�i�e�s� �d�i�d� �n�o�t� �e�x�h�i�b�i�t� �t�h�e� 

�e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e� �a�n�t�i�c�i�p�a�t�e�d� �b�y� �t�h�e�i�r� �d�e�s�i�g�n�e�r�s�.� �W�h�i�l�e� �a�c�k�n�o�w�l�e�d�g�i�n�g� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� 

�e�n�e�r�g�y� �s�u�p�p�l�y�,� �F�r�e�e�m�a�n ��s� �t�e�a�m� �a�r�g�u�e�d� �t�h�a�t� �A�m�e�r�i�c�a� �c�o�u�l�d� �m�a�i�n�t�a�i�n� �a�n� �a�c�c�e�p�t�a�b�l�e� �r�a�t�e� �o�f� 

�e�c�o�n�o�m�i�c� �g�r�o�w�t�h� �(�a�b�o�u�t� �2�%�)� �w�h�i�l�e� �p�u�r�s�u�i�n�g� �a� �"�c�a�r�e�f�u�l�l�y� �p�l�a�n�n�e�d� �l�o�n�g�-�t�e�r�m� �e�n�e�r�g�y� 

�c�o�n�s�e�r�v�a�t�i�o�n� �p�r�o�g�r�a�m�.�"� �F�o�r� �i�n�s�t�a�n�c�e�,� �t�h�e� �r�e�p�o�r�t� �r�e�c�o�m�m�e�n�d�e�d� �a�m�e�n�d�i�n�g� �l�o�c�a�l� �b�u�i�l�d�i�n�g� 

�c�o�d�e�s� �s�o� �a�s� �t�o� �e�n�c�o�u�r�a�g�e� �e�n�e�r�g�y� �e�f�f�i�c�i�e�n�c�y�,� �i�n�s�t�i�t�u�t�i�n�g� �n�a�t�i�o�n�a�l� �m�i�n�i�m�u�m� �f�u�e�l� �e�f�f�i�c�i�e�n�c�y� 

�s�t�a�n�d�a�r�d�s� �f�o�r� �a�u�t�o�m�o�b�i�l�e�s�,� �a�n�d� �u�t�i�l�i�z�i�n�g� �c�o�g�e�n�e�r�a�t�i�o�n� �w�h�e�r�e�v�e�r� �p�o�s�s�i�b�l�e�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� 

�E�n�e�r�g�y� �P�o�l�i�c�y� �P�r�o�j�e�c�t� �b�l�a�s�t�e�d� �t�h�e� �F�e�d�e�r�a�l� �r�e�s�e�a�r�c�h� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �(�R�&�D�)� �p�r�i�o�r�i�t�i�e�s� �t�h�a�t� 

�e�a�r�m�a�r�k�e�d� �7�4�%�-�-�s�o�m�e� �$�4�7�5� �m�i�l�l�i�o�n�-�-�o�f� �t�h�e� �e�n�e�r�g�y� �R�&�D� �b�u�d�g�e�t� �f�o�r� �F�i�s�c�a�l� �Y�e�a�r� �(�F�Y�)� �1�9�7�3� 

�t�o� �n�u�c�l�e�a�r� �t�e�c�h�n�o�l�o�g�y�,� �a�n�d� �u�n�d�e�r� �$�1�0� �m�i�l�l�i�o�n� �t�o� �t�e�c�h�n�o�l�o�g�i�e�s� �u�s�i�n�g� �r�e�n�e�w�a�b�l�e� �r�e�s�o�u�r�c�e�s� �s�u�c�h� 

�a�s� �s�o�l�a�r� �a�n�d� �w�i�n�d� �e�n�e�r�g�y�. � �� 

� � 

�6�S�t�o�b�a�u�g�h� �a�n�d� �Y�e�r�g�i�n�,� �"�T�h�e� �E�n�d� �o�f� �E�a�s�y� �O�i�l�,�"� �i�n� �S�t�o�b�a�u�g�h� �a�n�d� �Y�e�r�g�i�n� �(�e�d�s�.�)�,� �E�n�e�r�g�y� �F�u�t�u�r�e�,� �p�.� �2�.� 

�*�7�E�n�e�r�g�y� �P�o�l�i�c�y� �P�r�o�j�e�c�t�,� �A� �T�i�m�e� �t�o� �C�h�o�o�s�e�:� �A�m�e�r�i�c�a ��s� �E�n�e�r�g�y� �F�u�t�u�r�e�,� �F�i�n�a�l� �r�e�p�o�r�t� �t�o� �t�h�e� �F�o�r�d� �F�o�u�n�d�a�t�i�o�n� 
�(�C�a�m�b�r�i�d�g�e�,� �M�A�:� �B�a�l�l�i�n�g�e�r� �P�u�b�l�i�s�h�i�n�g� �C�o�.�,� �1�9�7�4�)�,� �p�p�.� �2�,� �1�5�0�,� �2�5�6�,� �2�5�8�,� �3�0�6�-�3�0�8�.� 
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�A�m�o�r�y� �L�o�v�i�n�s� �a�n�d� �t�h�e� �t�w�o� �e�n�e�r�g�y� �p�a�t�h�s� 

�T�h�e� �m�o�s�t� �p�r�o�v�o�c�a�t�i�v�e� �c�h�a�l�l�e�n�g�e� �t�o� �e�x�i�s�t�i�n�g� �e�n�e�r�g�y� �p�o�l�i�c�y� �c�a�m�e� �f�r�o�m� �p�h�y�s�i�c�i�s�t� 

�A�m�o�r�y� �L�o�v�i�n�s�.� �I�n� �a� �1�9�7�6� �a�r�t�i�c�l�e� �p�u�b�l�i�s�h�e�d� �b�y� �F�o�r�e�i�g�n� �A�f�f�a�i�r�s�,� �L�o�v�i�n�s� �o�u�t�l�i�n�e�d� �t�w�o� �p�o�s�s�i�b�l�e� 

�p�a�t�h�s� �t�h�a�t� �A�m�e�r�i�c�a� �m�i�g�h�t� �t�a�k�e� �i�n� �i�t�s� �e�n�e�r�g�y� �f�u�t�u�r�e�.� �T�h�e� �f�i�r�s�t� �p�a�t�h�,� �h�e� �w�r�o�t�e�,� 

�.�.�.�r�e�s�e�m�b�l�e�s� �p�r�e�s�e�n�t� �f�e�d�e�r�a�l� �p�o�l�i�c�y� �a�n�d� �i�s� �e�s�s�e�n�t�i�a�l�l�y� �a�n� �e�x�t�r�a�p�o�l�a�t�i�o�n� �o�f� �t�h�e� �r�e�c�e�n�t� 
�p�a�s�t�.� �I�t� �r�e�l�i�e�s� �o�n� �r�a�p�i�d� �e�x�p�a�n�s�i�o�n� �o�f� �c�e�n�t�r�a�l�i�z�e�d� �h�i�g�h� �t�e�c�h�n�o�l�o�g�y� �t�o� �i�n�c�r�e�a�s�e� �e�n�e�r�g�y� 
�s�u�p�p�l�i�e�s�,� �e�s�p�e�c�i�a�l�l�y� �e�l�e�c�t�r�i�c�i�t�y�.� �T�h�e� �s�e�c�o�n�d� �p�a�t�h� �c�o�m�b�i�n�e�s� �a� �p�r�o�m�p�t� �a�n�d� �s�e�r�i�o�u�s� 
�c�o�m�m�i�t�m�e�n�t� �t�o� �e�f�f�i�c�i�e�n�t� �u�s�e� �o�f� �e�n�e�r�g�y�,� �r�a�p�i�d� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �r�e�n�e�w�a�b�l�e� �e�n�e�r�g�y� 
�s�o�u�r�c�e�s� �m�a�t�c�h�e�d� �i�n� �s�c�a�l�e� �a�n�d� �e�n�e�r�g�y� �q�u�a�l�i�t�y� �t�o� �e�n�d�-�u�s�e� �n�e�e�d�s�,� �a�n�d� �s�p�e�c�i�a�l� 
�t�r�a�n�s�i�t�i�o�n�a�l� �f�o�s�s�i�l� �f�u�e�l� �t�e�c�h�n�o�l�o�g�i�e�s�.� 

�L�o�v�i�n�s� �c�o�n�t�e�n�d�e�d� �t�h�a�t� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e�s�,� �w�h�i�c�h� �h�e� �d�u�b�b�e�d� �t�h�e� �h�a�r�d� �a�n�d� �s�o�f�t� �p�a�t�h�s�,� �d�e�m�a�n�d�e�d� 

�a�n� �e�x�c�l�u�s�i�v�e� �c�h�o�i�c�e�. �� 

�L�o�v�i�n�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�e�c�h�n�o�l�o�g�i�c�a�l� �f�i�x�e�s�-�-�t�h�a�t� �i�s�,� �d�e�v�i�c�e�s� �f�o�r� �u�s�i�n�g� �e�n�e�r�g�y� �m�o�r�e� 

�p�r�o�d�u�c�t�i�v�e�l�y�-�-�c�o�u�l�d� �b�y� �t�h�e�m�s�e�l�v�e�s� �i�n�c�r�e�a�s�e� �e�f�f�i�c�i�e�n�c�y� �b�y� �a� �f�a�c�t�o�r� �o�f� �t�h�r�e�e� �o�r� �f�o�u�r�,� �w�i�t�h�o�u�t� 

�r�e�q�u�i�r�i�n�g� �a�n�y� �m�o�m�e�n�t�o�u�s� �c�h�a�n�g�e�s� �i�n� �l�i�f�e�s�t�y�l�e�.� �H�o�w�e�v�e�r�,� �h�e� �a�p�p�e�a�r�e�d� �e�q�u�a�l�l�y� �i�n�t�e�r�e�s�t�e�d� �i�n� 

�t�h�e� �"�t�e�c�h�n�i�c�a�l� �a�n�d� �s�o�c�i�o�p�o�l�i�t�i�c�a�l� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �e�n�e�r�g�y� �s�y�s�t�e�m� �[�o�r�i�g�i�n�a�l� �e�m�p�h�a�s�i�s�]�.�"� 

�P�r�o�g�r�e�s�s� �a�l�o�n�g� �e�i�t�h�e�r� �e�n�e�r�g�y� �p�a�t�h� �e�n�t�a�i�l�s� �d�i�s�t�i�n�c�t� �s�o�c�i�a�l� �c�h�a�n�g�e�s�,� �L�o�v�i�n�s� �e�x�p�l�a�i�n�e�d�,� �b�u�t� 

�.�.�.�t�h�e� �k�i�n�d�s� �o�f� �s�o�c�i�a�l� �c�h�a�n�g�e� �n�e�e�d�e�d� �f�o�r� �a� �h�a�r�d� �p�a�t�h� �a�r�e� �a�p�t� �t�o� �b�e� �m�u�c�h� �l�e�s�s� �p�l�e�a�s�a�n�t�,� 
�l�e�s�s� �p�l�a�u�s�i�b�l�e�,� �l�e�s�s� �c�o�m�p�a�t�i�b�l�e� �w�i�t�h� �d�i�v�e�r�s�i�t�y� �a�n�d� �p�e�r�s�o�n�a�l� �f�r�e�e�d�o�m� �o�f� �c�h�o�i�c�e�,� �a�n�d� 
�l�e�s�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�r�a�d�i�t�i�o�n�a�l� �v�a�l�u�e�s� �t�h�a�n� �a�r�e� �t�h�e� �s�o�c�i�a�l� �c�h�a�n�g�e�s� �t�h�a�t� �c�o�u�l�d� �m�a�k�e� �a� 
�s�o�f�t� �p�a�t�h� �w�o�r�k�.� 

�L�o�v�i�n�s� �e�n�c�o�u�r�a�g�e�d� �h�i�s� �r�e�a�d�e�r�s� �t�o� �s�e�l�e�c�t� �t�h�e� �e�n�e�r�g�y� �r�e�g�i�m�e� �m�a�t�c�h�i�n�g� �t�h�e� �t�y�p�e� �o�f� �s�o�c�i�e�t�y� �t�h�e�y� 

�w�o�u�l�d� �r�a�t�h�e�r� �i�n�h�a�b�i�t�. ��?� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �s�h�i�f�t�s� �i�n� �t�h�e� �d�e�m�a�n�d� �s�i�d�e� �(�i�.�e�.�,� �t�h�e� �w�a�y� �A�m�e�r�i�c�a�n�s� �u�s�e�d� �e�n�e�r�g�y�)�,� 

�L�o�v�i�n�s� �p�r�o�p�o�s�e�d� �a�d�o�p�t�i�n�g� �h�o�u�s�e�h�o�l�d�-� �a�n�d� �c�o�m�m�u�n�i�t�y�-�s�c�a�l�e� �e�n�e�r�g�y� �s�u�p�p�l�y� �t�e�c�h�n�o�l�o�g�y�,� �s�u�c�h� 

�a�s� �w�i�n�d� �t�u�r�b�i�n�e�s�,� �s�o�l�a�r� �w�a�t�e�r� �h�e�a�t�e�r�s�,� �a�n�d� �w�a�s�t�e�-�t�o�-�m�e�t�h�a�n�o�l� �c�o�n�v�e�r�s�i�o�n� �p�r�o�c�e�s�s�e�s� �f�o�r� �c�e�n�t�r�a�l� 

�g�e�n�e�r�a�t�i�n�g� �p�l�a�n�t�s�.� �H�e� �a�r�g�u�e�d� �p�a�r�t�i�c�u�l�a�r�l�y� �a�g�a�i�n�s�t� �n�u�c�l�e�a�r� �p�o�w�e�r�,� �w�h�i�c�h�,� �h�e� �c�l�a�i�m�e�d�,� 

� � 

�8�1� �o�v�i�n�s�,� �"�E�n�e�r�g�y� �S�t�r�a�t�e�g�y�,�"� �p�.� �6�5�.� 

�I�b�i�d�,� �p�p�.� �7�2�,� �9�1�.� 
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�e�m�p�o�w�e�r�e�d� �a� �t�e�c�h�n�i�c�a�l� �e�l�i�t�e�,� �d�i�s�c�o�u�r�a�g�e�d� �i�n�d�i�v�i�d�u�a�l� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �f�o�r� �e�n�e�r�g�y� �d�e�c�i�s�i�o�n�s�,� �a�n�d� 

�a�l�i�e�n�a�t�e�d� �e�n�e�r�g�y� �u�s�e�r�s� �f�r�o�m� �t�h�e� �i�n�f�r�a�s�t�r�u�c�t�u�r�e� �o�f� �t�h�e�i�r� �w�o�r�l�d�.� 

�L�o�v�i�n�s �� �a�r�t�i�c�l�e� �p�r�o�v�o�k�e�d� �e�n�t�h�u�s�i�a�s�t�i�c� �r�e�s�p�o�n�s�e�s� �a�s� �w�e�l�l� �a�s� �v�i�t�u�p�e�r�a�t�i�v�e� �c�o�n�d�e�m�n�a�t�i�o�n� 

�O�f� �t�h�e� �l�a�t�t�e�r� �s�e�t�,� �p�h�y�s�i�c�i�s�t�s� �A�d�e�n� �a�n�d� �M�a�r�j�o�r�i�e� �M�e�i�n�e�l�,� �k�n�o�w�n� �f�o�r� �a�d�v�o�c�a�t�i�n�g� �t�h�e� 

�c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �h�u�g�e� �s�o�l�a�r� �c�o�l�l�e�c�t�o�r�s� �i�n� �t�h�e� �S�o�u�t�h�w�e�s�t�e�r�n� �d�e�s�e�r�t�,�*�°� �p�r�o�f�e�s�s�e�d� �t�h�e�m�s�e�l�v�e�s� 

�"�c�h�i�l�l�e�d�"� �t�h�a�t� �a� �f�e�l�l�o�w� �s�c�i�e�n�t�i�s�t� �c�o�u�l�d� �s�o� �"�d�i�s�t�o�r�t� �p�h�y�s�i�c�a�l� �r�e�a�l�i�t�y�.�"� �T�h�e�y� �i�n�t�e�r�p�r�e�t�e�d� �L�o�v�i�n�s� 

�a�s� �a�d�v�i�s�i�n�g� �A�m�e�r�i�c�a�n�s� �t�o� �"�a�b�a�n�d�o�n� �h�i�g�h�-�t�e�c�h�n�o�l�o�g�y� �a�n�d� �l�a�r�g�e�-�s�c�a�l�e� �c�o�o�p�e�r�a�t�i�v�e� �o�r�g�a�n�i�z�a�t�i�o�n� 

�[�w�h�i�c�h� �r�e�p�r�e�s�e�n�t�e�d�]� �a� �s�t�e�p� �t�o�w�a�r�d� �m�a�k�i�n�g� �m�a�n�k�i�n�d� �o�n�c�e� �m�o�r�e� �a� �s�l�a�v�e� �t�o� �t�h�e� �d�i�c�t�a�t�e�s� �o�f� �a� 

�d�i�s�p�a�s�s�i�o�n�a�t�e� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �h�i�s� �o�w�n� �f�u�r�i�e�s�.�"�.� �T�h�e� �M�e�i�n�e�l�s� �o�b�j�e�c�t�e�d� �t�h�a�t� �s�m�a�l�l�-�s�c�a�l�e� 

�e�n�e�r�g�y� �p�r�o�d�u�c�t�i�o�n� �r�a�n� �"�c�o�n�t�r�a�r�y� �t�o� �t�h�e� �w�a�y� �s�o�c�i�e�t�y� �h�a�s� �g�o�n�e� �f�o�r� �c�e�n�t�u�r�i�e�s�,�"� �a�n�d� �c�a�l�l�e�d� �i�t� 

�"�i�n�c�o�n�v�e�n�i�e�n�t�,� �u�n�r�e�l�i�a�b�l�e� �a�n�d� �c�o�s�t�l�y�"� �b�e�s�i�d�e�s�.� �T�h�e�y� �a�d�v�i�s�e�d� �r�e�l�y�i�n�g� �o�n� �e�s�t�a�b�l�i�s�h�e�d� �u�t�i�l�i�t�i�e�s� 

�a�n�d� �t�h�e� �"�t�r�u�e� �o�p�t�i�o�n�"� �o�f� �n�u�c�l�e�a�r� �f�u�s�i�o�n�,� �b�e�c�a�u�s�e� �a� �"�b�i�r�d� �i�n� �t�h�e� �h�a�n�d� �i�s� �w�o�r�t�h� �t�w�o� �i�n� �t�h�e� 

�b�u�s�h�.�"� �O�t�h�e�r� �c�r�i�t�i�c�s� �e�n�t�e�r�e�d� �i�n�t�o� �d�e�t�a�i�l�e�d� �w�r�a�n�g�l�e�s� �w�i�t�h� �L�o�v�i�n�s� �o�v�e�r� �b�o�t�h� �h�i�s� �o�v�e�r�a�l�l� �v�i�s�i�o�n� 

�a�n�d� �h�i�s� �s�p�e�c�i�f�i�c� �c�l�a�i�m�s�,� �s�u�c�h� �a�s� �t�h�e� �a�s�s�e�r�t�i�o�n� �t�h�a�t� �A�m�e�r�i�c�a ��s� �e�n�e�r�g�y� �e�f�f�i�c�i�e�n�c�y� �c�o�u�l�d� �b�e� 

�i�n�c�r�e�a�s�e�d� �b�y� �a� �f�a�c�t�o�r� �o�f� �t�h�r�e�e� �o�r� �f�o�u�r�.� �L�o�v�i�n�s �� �c�r�i�t�i�c�s� �r�e�v�i�l�e�d� �h�i�m� �f�o�r� �a�t�t�a�c�k�i�n�g� �t�h�e� �s�t�a�t�u�s� 

�q�u�o� �w�i�t�h� �n�o�t�h�i�n�g� �b�e�t�t�e�r� �t�o� �r�e�p�l�a�c�e� �i�t� �w�i�t�h� �t�h�a�n�,� �t�o� �u�s�e� �o�n�e� �r�e�s�p�o�n�d�e�n�t ��s� �c�o�n�t�e�m�p�t�u�o�u�s� �p�h�r�a�s�e�,� 

�3�1� �"�t�h�e� �s�o�f�t� �p�a�t�h�,� �t�h�e� �y�e�l�l�o�w� �b�r�i�c�k� �r�o�a�d� �a�n�d� �p�i�e� �i�n� �t�h�e� �s�k�y�.� 

�C�o�n�c�l�u�s�i�o�n�:� �t�w�o� �l�i�n�k�e�d� �s�t�r�e�s�s�e�s� 

�T�o� �s�u�m�m�a�r�i�z�e�,� �t�h�e� �"�e�n�e�r�g�y� �c�r�i�s�i�s�"� �o�f� �t�h�e� �e�a�r�l�y� �1�9�7�0�s� �d�i�d� �n�o�t� �r�e�p�r�e�s�e�n�t� �a� �c�o�m�p�l�e�t�e�l�y� 

�e�x�o�g�e�n�o�u�s� �s�t�r�e�s�s� �o�n� �t�h�e� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y� �s�y�s�t�e�m�.� �T�h�e� �u�t�i�l�i�t�i�e�s �� �o�w�n� �g�r�o�w�t�h�-�o�r�i�e�n�t�e�d� �s�t�r�a�t�e�g�i�e�s� 

�m�a�d�e� �t�h�e� �"�c�r�i�s�i�s�"� �p�o�s�s�i�b�l�e�.� �H�o�w�e�v�e�r�,� �n�e�w� �r�e�s�t�r�i�c�t�i�o�n�s� �o�n� �b�u�r�n�i�n�g� �h�i�g�h�-�s�u�l�p�h�u�r� �c�o�a�l�,� �n�a�t�u�r�a�l� 

�l�i�m�i�t�s� �o�n� �d�o�m�e�s�t�i�c� �o�i�l� �p�r�o�d�u�c�t�i�o�n�,� �a�n�d�,� �m�o�s�t� �o�f� �a�l�l�,� �a� �s�l�o�w� �b�u�i�l�d�u�p� �o�f� �g�e�o�p�o�l�i�t�i�c�a�l� �f�o�r�c�e�s� 

� � 

�3�°�A�d�e�n� �B�.� �M�e�i�n�e�l� �a�n�d� �M�a�r�j�o�r�i�e� �P�.� �M�e�i�n�e�l�,� �P�o�w�e�r� �f�o�r� �t�h�e� �P�e�o�p�l�e� �(�T�u�c�s�o�n�,� �A�Z�:� �b�y� �t�h�e� �a�u�t�h�o�r�s�,� �1�9�7�0�)�.� 

�3�!�A�d�e�n� �a�n�d� �M�a�r�j�o�r�i�e� �M�e�i�n�e�l�,� �" ��S�o�f�t �� �E�n�e�r�g�y� �P�a�t�h�s�-�-�R�e�a�l�i�t�y� �a�n�d� �I�l�l�u�s�i�o�n�"� �i�n� �C�h�a�r�l�e�s� �B�.� �Y�u�l�i�s�h� �(�e�d�.�)�,� �S�o�f�t� �v�s� 
�H�a�r�d� �E�n�e�r�g�y� �P�a�t�h�s�:� �1�0� �C�r�i�t�i�c�a�l� �E�s�s�a�y�s� �o�n� �A�m�o�r�y� �L�o�v�i�n�s �� �"�E�n�e�r�g�y� �S�t�r�a�t�e�g�y�:� �T�h�e� �R�o�a�d� �N�o�t� �T�a�k�e�n�?�"� �(�N�e�w� �Y�o�r�k�:� 
�C�h�a�r�l�e�s� �B�.� �Y�u�l�i�s�h� �A�s�s�o�c�i�a�t�e�s�,� �1�9�7�7�)�,� �p�p�.� �7�0�-�7�6�;� �P�e�t�e�r� �J�.� �B�r�e�n�n�a�n�,� �"�T�h�e� �S�o�f�t� �P�a�t�h�,� �t�h�e� �Y�e�l�l�o�w� �B�r�i�c�k� �R�o�a�d� �a�n�d� �P�i�e� 
�i�n� �t�h�e� �S�k�y�"� �i�n� �Y�u�l�i�s�h� �(�e�d�.�)�,� �/�0� �C�r�i�t�i�c�a�l� �E�s�s�a�y�s�,� �p�p�.� �7�-�1�5�.� �F�o�r� �m�o�r�e� �o�n� �t�h�e� �i�s�s�u�e�s� �r�a�i�s�e�d� �b�y� �L�o�v�i�n�s�,� �s�e�e� �U�.�S�.� 
�C�o�n�g�r�e�s�s�,� �H�o�u�s�e� �o�f� �R�e�p�r�e�s�e�n�t�a�t�i�v�e�s�,� �C�o�m�m�i�t�t�e�e� �o�n� �I�n�t�e�r�s�t�a�t�e� �a�n�d� �F�o�r�e�i�g�n� �C�o�m�m�e�r�c�e�,� �C�e�n�t�r�a�l�i�z�e�d� �v�s�.� 
�D�e�c�e�n�t�r�a�l�i�z�e�d� �E�n�e�r�g�y� �S�y�s�t�e�m�s�:� �D�i�v�e�r�g�i�n�g� �o�r� �P�a�r�a�l�l�e�l� �R�o�a�d�s�?�,� �r�e�p�o�r�t� �p�r�e�p�a�r�e�d� �b�y� �t�h�e� �C�o�n�g�r�e�s�s�i�o�n�a�l� �R�e�s�e�a�r�c�h� 
�S�e�r�v�i�c�e� �f�o�r� �t�h�e� �9�6�t�h� �C�o�n�g�r�e�s�s�,� �1�s�t� �S�e�s�s�i�o�n� �(�M�a�y� �1�9�7�9�)�,� �C�o�m�m�i�t�t�e�e� �P�r�i�n�t� �9�6�-�I�F�C� �1�7�.� 
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�c�o�n�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �c�r�i�s�i�s�;� �t�h�e�s�e� �f�a�c�t�o�r�s� �r�e�m�a�i�n�e�d� �w�e�l�l� �b�e�y�o�n�d� �t�h�e� �c�o�n�t�r�o�l� �o�f� �t�h�e� �u�t�i�l�i�t�y� 

�i�n�d�u�s�t�r�y�.� �I�n� �t�e�r�m�s� �o�f� �i�t�s� �e�f�f�e�c�t�s�,� �t�h�e� �e�v�e�n�t� �p�r�o�d�u�c�e�d� �t�w�o� �l�i�n�k�e�d� �s�t�r�e�s�s�e�s� �o�n� �t�h�e� �s�y�s�t�e�m�.� �I�n� 

�a�d�d�i�t�i�o�n� �t�o� �a�n� �i�m�m�e�d�i�a�t�e� �i�m�p�a�c�t� �o�n� �c�o�s�t�s� �a�n�d� �p�r�i�c�e�s�,� �t�h�e� �"�c�r�i�s�i�s�"� �a�l�s�o� �h�u�r�l�e�d� �e�n�e�r�g�y� �i�n�t�o� �t�h�e� 

�c�o�n�s�c�i�o�u�s�n�e�s�s� �o�f� �c�i�t�i�z�e�n�s� �a�n�d� �p�o�l�i�c�y�-�m�a�k�e�r�s�,� �c�r�e�a�t�i�n�g� �d�e�m�a�n�d� �f�o�r� �n�a�t�i�o�n�a�l� �e�n�e�r�g�y� �p�l�a�n�s�,� 

�p�o�l�i�c�i�e�s� �a�n�d� �s�t�r�a�t�e�g�i�e�s�.� 

�P�A�R�T� �I�V�:� �L�i�t�i�g�i�o�u�s� �E�n�v�i�r�o�n�m�e�n�t�a�l�i�s�m� 

�I�n� �t�h�e� �e�a�r�l�y� �t�w�e�n�t�i�e�t�h� �c�e�n�t�u�r�y�,� �A�m�e�r�i�c�a�n� �c�o�n�c�e�r�n� �f�o�r� �t�h�e� �p�h�y�s�i�c�a�l� �w�o�r�l�d� �t�o�o�k� �t�h�e� 

�f�o�r�m� �o�f� �"�c�o�n�s�e�r�v�a�t�i�o�n�i�s�m�,�"� �a� �m�o�v�e�m�e�n�t� �t�y�p�i�f�i�e�d� �b�y� �P�r�e�s�i�d�e�n�t� �T�h�e�o�d�o�r�e� �R�o�o�s�e�v�e�l�t ��s� 

�i�n�i�t�i�a�t�i�v�e� �t�o� �p�r�e�s�e�r�v�e� �A�m�e�r�i�c�a ��s� �n�a�t�u�r�a�l� �r�e�s�o�u�r�c�e�s� �f�o�r� �e�f�f�i�c�i�e�n�t� �e�x�p�l�o�i�t�a�t�i�o�n� �b�y� �f�u�t�u�r�e� 

�g�e�n�e�r�a�t�i�o�n�s�.� �B�y� �t�h�e� �1�9�6�0�s�,� �h�o�w�e�v�e�r�,� �c�o�n�s�e�r�v�a�t�i�o�n�i�s�m� �m�u�t�a�t�e�d� �i�n�t�o� �"�e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�m�,�"� �a� 

�v�i�e�w� �o�f� �a�n� �i�n�t�e�r�c�o�n�n�e�c�t�e�d� �p�h�y�s�i�c�a�l� �w�o�r�l�d�,� �i�n�c�l�u�d�i�n�g� �h�u�m�a�n� �b�e�i�n�g�s�,� �w�h�i�c�h� �s�o�u�g�h�t� �"�b�a�l�a�n�c�e�"� 

�f�o�r� �i�t�s� �o�w�n� �s�a�k�e�,� �a�n�d� �b�e�c�a�u�s�e� �t�h�i�s� �b�a�l�a�n�c�e� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �h�u�m�a�n� �"�q�u�a�l�i�t�y� �o�f� �l�i�f�e�.�"� �J�u�s�t� �a�s� 

�e�a�r�l�i�e�r� �A�m�e�r�i�c�a�n�s� �h�a�d� �d�i�s�m�i�s�s�e�d� �c�o�n�s�e�r�v�a�t�i�o�n�i�s�t�s� �a�s� �e�l�i�t�i�s�t� �b�i�r�d�-�w�a�t�c�h�e�r�s� �i�n� �k�h�a�k�i� �s�h�o�r�t�s�,� �s�o� 

�p�o�p�u�l�a�r� �c�u�l�t�u�r�e� �o�f� �a� �l�a�t�e�r� �d�a�y� �s�t�e�r�e�o�t�y�p�e�d� �t�h�e�i�r� �s�u�c�c�e�s�s�o�r�s� �a�s� �n�a�i�v�e� �l�i�b�e�r�a�l�s�,� �y�e�a�r�n�i�n�g� �f�o�r� �a�n� 

�i�m�a�g�i�n�a�r�y� �l�o�s�t� �w�o�r�l�d�,� �o�r� �w�o�r�s�e�,� �a�s� �o�b�s�t�r�u�c�t�i�o�n�i�s�t�s� �i�m�p�e�d�i�n�g� �n�a�t�i�o�n�a�l� �p�r�o�g�r�e�s�s�. �� 

�B�y� �t�h�e� �l�a�t�e� �1�9�6�0�s�,� �t�h�e� �s�t�r�a�t�e�g�y� �o�f� �p�u�b�l�i�c� �e�d�u�c�a�t�i�o�n� �p�u�r�s�u�e�d� �b�y� �e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�t�s� �h�a�d� 

�l�o�s�t� �e�f�f�e�c�t�i�v�e�n�e�s�s�.� �T�o�o� �o�f�t�e�n�,� �p�r�i�v�a�t�e� �f�i�r�m�s� �s�u�s�p�e�c�t�e�d� �o�f� �p�o�l�l�u�t�i�n�g� �t�h�e� �l�a�n�d�,� �w�a�t�e�r� �a�n�d� �a�i�r� 

�s�u�c�c�e�e�d�e�d� �i�n� �d�e�n�y�i�n�g� �p�u�b�l�i�c� �a�c�c�e�s�s� �t�o� �r�e�l�e�v�a�n�t� �i�n�f�o�r�m�a�t�i�o�n� �b�y� �d�e�c�l�a�r�i�n�g� �i�t� �a� �t�r�a�d�e� �s�e�c�r�e�t�.� 

�E�q�u�a�l�l�y� �t�r�o�u�b�l�e�s�o�m�e�,� �t�h�e� �F�e�d�e�r�a�l� �g�o�v�e�r�n�m�e�n�t� �t�u�r�n�e�d� �a�w�a�y� �f�r�o�m� �a�r�t�i�c�u�l�a�t�i�n�g� �g�e�n�e�r�a�l� �p�o�l�i�c�i�e�s� 

�i�n� �f�a�v�o�r� �o�f� �r�u�l�i�n�g� �o�n� �s�p�e�c�i�f�i�c� �c�a�s�e�s�,� �r�e�q�u�i�r�i�n�g� �c�a�s�h�-�p�o�o�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� �g�r�o�u�p�s� �t�o� �b�a�t�t�l�e� 

�s�i�m�u�l�t�a�n�e�o�u�s�l�y� �o�n� �m�u�l�t�i�p�l�e� �f�r�o�n�t�s�.� �F�o�r� �t�h�e�s�e� �r�e�a�s�o�n�s�,� �V�i�c�t�o�r� �Y�a�n�n�a�c�o�n�e�,� �a� �L�o�n�g� �I�s�l�a�n�d�,� �N�Y�,� 

�l�a�w�y�e�r� �a�n�d� �C�h�a�r�l�e�s� �W�u�r�s�t�e�r�,� �a� �b�i�o�l�o�g�i�s�t�,� �l�a�u�n�c�h�e�d� �t�h�e� �E�n�v�i�r�o�n�m�e�n�t�a�l� �D�e�f�e�n�s�e� �F�u�n�d� �i�n� �1�9�6�7� 

�t�o� �c�h�a�l�l�e�n�g�e� �t�h�e� �u�s�e� �o�f� �t�h�e� �p�e�s�t�i�c�i�d�e� �D�D�T� �b�y� �s�t�a�t�e� �a�g�e�n�c�i�e�s�.� �*�°� 

� � 

�*�*�S�a�m�u�e�l� �P�.� �H�a�y�e�s�,� �B�e�a�u�t�y�,� �H�e�a�l�t�h� �a�n�d� �P�e�r�m�a�n�e�n�c�e�:� �E�n�v�i�r�o�n�m�e�n�t�a�l� �P�o�l�i�t�i�c�s� �i�n� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�,� �1�9�5�5�-�1�9�8�5� 
�(�C�a�m�b�r�i�d�g�e�:� �C�a�m�b�r�i�d�g�e� �U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�,� �1�9�8�7�)�,� �p�p�.� �1�3�-�3�9�.� 

�3�3�"� �N�e�w� �S�a�y� �i�n� �C�o�u�r�t�,�"� �T�i�m�e� �9�4� �(�2�4� �O�c�t�o�b�e�r� �1�9�6�9�)�,� �p�.� �5�4�;� �L�u�t�h�e�r� �J�.� �C�a�r�t�e�r�,� �"�D�D�T�:� �T�h�e� �C�r�i�t�i�c�s� �A�t�t�e�m�p�t� �T�o� 
�B�a�n� �I�t�s� �U�s�e� �i�n� �W�i�s�c�o�n�s�i�n�,�"� �S�c�i�e�n�c�e� �1�6�3� �(�7� �F�e�b�r�u�a�r�y� �1�9�6�9�)�,� �p�p�.� �5�4�8�-�5�5�1�.� 
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�T�h�e� �E�D�F� �r�e�p�r�e�s�e�n�t�e�d� �a� �d�r�a�m�a�t�i�c� �e�v�o�l�u�t�i�o�n� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�t� �s�t�r�a�t�e�g�y�.� �Y�a�n�n�a�c�o�n�e� 

�a�n�d� �W�u�r�s�t�e�r� �a�i�m�e�d� �t�o� �l�a�y� �s�c�i�e�n�t�i�f�i�c� �e�v�i�d�e�n�c�e� �b�e�f�o�r�e� �t�h�e� �c�o�u�r�t�s� �a�n�d� �b�y�p�a�s�s�,� �i�n� �o�n�e� �h�i�s�t�o�r�i�a�n ��s� 

�w�o�r�d�s�,� �"�a�n� �u�n�r�e�s�p�o�n�s�i�v�e� �b�u�r�e�a�u�c�r�a�c�y� �a�n�d� �a� �l�e�t�h�a�r�g�i�c� �p�u�b�l�i�c�.�"� �T�h�e� �f�o�u�n�d�e�r�s� �d�i�s�a�g�r�e�e�d� �o�v�e�r� 

�t�h�e� �r�e�l�a�t�i�v�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �g�e�t�t�i�n�g� �i�m�m�e�d�i�a�t�e� �r�e�s�u�l�t�s� �a�n�d� �o�f� �e�s�t�a�b�l�i�s�h�i�n�g� �a� �b�o�d�y� �o�f� �c�a�s�e� �l�a�w�.� 

�S�t�i�l�l�,� �t�h�e�y� �a�g�r�e�e�d� �t�h�a�t� �l�i�t�i�g�a�t�i�o�n� �p�r�o�v�i�d�e�d� �a�n� �a�l�t�e�r�n�a�t�i�v�e� �"�f�o�r� �t�h�o�s�e� �w�h�o� �h�a�d� �l�o�s�t� �p�a�t�i�e�n�c�e �� 

�w�i�t�h� �p�u�b�l�i�c� �e�d�u�c�a�t�i�o�n�.�*�*� 

�T�h�e� �E�D�F� �r�e�l�i�e�d� �o�n� �a� �r�e�s�e�r�v�e� �o�f� �o�v�e�r� �t�w�o�-�h�u�n�d�r�e�d� �s�c�i�e�n�t�i�s�t�s�,� �r�e�a�d�y� �t�o� �v�o�l�u�n�t�e�e�r� �t�h�e�i�r� 

�t�e�s�t�i�m�o�n�y� �a�t� �a�n�y� �m�o�m�e�n�t�,� �a�n�d� �a� �p�u�g�n�a�c�i�o�u�s� �f�l�a�i�r� �f�o�r� �d�r�a�m�a�.� �N�u�m�e�r�o�u�s� �a�r�t�i�c�l�e�s� �g�l�e�e�f�u�l�l�y� 

�r�e�p�o�r�t�e�d� �t�h�e� �s�l�o�g�a�n� �Y�a�n�n�a�c�o�n�e� �s�c�r�a�w�l�e�d� �o�n� �t�h�e� �b�l�a�c�k�b�o�a�r�d� �a�t� �h�i�s� �l�e�c�t�u�r�e�s�:� �"�S�U�E� �T�H�E� 

�B�A�S�T�A�R�D�S�!�"� �U�n�d�e�r� �Y�a�n�n�a�c�o�n�e ��s� �l�e�a�d�e�r�s�h�i�p�,� �t�h�e� �s�e�l�f�-�s�t�y�l�e�d� �l�e�g�a�l� �g�u�e�r�r�i�l�l�a�s� �o�f� �t�h�e� �E�D�F� 

�f�o�u�g�h�t� �t�o� �e�s�t�a�b�l�i�s�h� �t�h�a�t� �t�h�e� �C�o�n�s�t�i�t�u�t�i�o�n� �g�u�a�r�a�n�t�e�e�s� �A�m�e�r�i�c�a�n�s� �a� �c�l�e�a�n� �e�n�v�i�r�o�n�m�e�n�t�.� �I�n� 

�a�d�d�i�t�i�o�n� �t�o� �t�h�i�s� �c�o�n�t�r�o�v�e�r�s�i�a�l� �c�l�a�i�m�,� �t�h�e� �n�e�w� �e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�t�s� �a�l�s�o� �m�a�i�n�t�a�i�n�e�d� �t�h�a�t� �p�r�i�v�a�t�e� 

�a�n�d� �p�u�b�l�i�c� �l�a�n�d�o�w�n�e�r�s� �h�o�l�d� �t�h�e�i�r� �p�r�o�p�e�r�t�y� �i�n� �t�r�u�s�t�,� �a�n�d� �c�a�n�n�o�t� �u�s�e� �i�t� �c�o�n�t�r�a�r�y� �t�o� �t�h�e� �p�u�b�l�i�c� 

�i�n�t�e�r�e�s�t�.� �O�t�h�e�r� �o�r�g�a�n�i�z�a�t�i�o�n�s� �s�o�o�n� �f�o�l�l�o�w�e�d� �t�h�e� �E�D�F ��s� �l�e�a�d�,� �i�n�c�l�u�d�i�n�g� �t�h�e� �S�i�e�r�r�a� �C�l�u�b ��s� 

�L�e�g�a�l� �D�e�f�e�n�s�e� �F�u�n�d� �a�n�d� �t�h�e� �N�a�t�u�r�a�l� �R�e�s�o�u�r�c�e�s� �D�e�f�e�n�c�e� �C�o�u�n�c�i�l�,� �f�o�u�n�d�e�d� �b�y� �m�e�m�b�e�r�s� �o�f� 

�t�h�e� �Y�a�l�e� �L�a�w� �c�l�a�s�s� �o�f� �1�9�6�9�.�*� 

�S�u�p�p�o�r�t� �f�r�o�m� �t�h�e� �c�o�u�r�t�s� 

�Y�a�n�n�a�c�o�n�e� �d�e�s�c�r�i�b�e�d� �t�h�e� �E�D�F ��s� �u�s�e� �o�f� �l�i�t�i�g�a�t�i�o�n� �a�s� �a� �d�e�m�o�c�r�a�t�i�z�a�t�i�o�n� �o�f� �p�u�b�l�i�c� 

�p�o�l�i�c�y�,� �a�l�l�o�w�i�n�g� �a�n�y� �c�i�t�i�z�e�n� �b�a�c�k�e�d� �b�y� �s�u�f�f�i�c�i�e�n�t� �s�c�i�e�n�t�i�f�i�c� �e�v�i�d�e�n�c�e� �t�o� �t�a�k�e� �i�n�d�u�s�t�r�y� �o�r� 

�g�o�v�e�r�n�m�e�n�t� �t�o� �c�o�u�r�t�.� �Y�e�t�,� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�i�s� �n�e�w� �t�o�o�l� �d�e�p�e�n�d�e�d� �o�n� �j�u�d�i�c�i�a�l� �s�y�m�p�a�t�h�y�.� 

�A�l�t�h�o�u�g�h� �t�h�e� �c�o�u�r�t�s� �r�e�j�e�c�t�e�d� �l�a�r�g�e� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�t�s �� �a�g�e�n�d�a�,� �t�h�e�y� �a�l�s�o� 

�a�c�c�e�d�e�d� �t�o� �s�i�g�n�i�f�i�c�a�n�t� �a�s�p�e�c�t�s� �o�f� �i�t�.� �M�o�s�t� �i�m�p�o�r�t�a�n�t�,� �t�h�e� �c�o�u�r�t�s� �r�e�v�i�s�e�d� �t�h�e�i�r� �c�r�i�t�e�r�i�a� �f�o�r� 

� � 

�T�h�e� �h�i�s�t�o�r�i�a�n� �q�u�o�t�e�d� �i�s� �T�h�o�m�a�s� �R�.� �D�u�n�l�a�p�,� �D�D�T�:� �S�c�i�e�n�t�i�s�t�s�,� �C�i�t�i�z�e�n�s� �a�n�d� �P�u�b�l�i�c� �P�o�l�i�c�y� �(�P�r�i�n�c�e�t�o�n�,� �N�J�:� 
�P�r�i�n�c�e�t�o�n� �U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�,� �1�0�8�1�)�,� �p�p�.� �4�,� �1�4�7�.� �S�e�e� �a�l�s�o� �L�u�t�h�e�r� �J�.� �C�a�r�t�e�r�,� �"�E�n�v�i�r�o�n�m�e�n�t�a�l� �L�a�w� �(�I�)�:� �M�a�t�u�r�i�n�g� �F�i�e�l�d� 
�f�o�r� �L�a�w�y�e�r�s� �a�n�d� �S�c�i�e�n�t�i�s�t�s�,�"� �S�c�i�e�n�c�e� �1�7�9� �(�2�3� �M�a�r�c�h� �1�9�7�3�)�,� �p�p�.� �1�2�0�5�-�1�2�0�9�.� 

�C�r�e�i�g�h�t�o�n� �P�e�e�t�,� �"�T�h�e� �E�f�f�l�u�e�n�t� �o�f� �t�h�e� �A�f�f�l�u�e�n�t�,�"� �A�m�e�r�i�c�a�n� �F�o�r�e�s�t�s� �(�M�a�y� �1�9�6�9�)�,� �p�p�.� �1�6�-�1�9�,� �3�7�-�3�8�.� 
�Y�a�n�n�a�c�o�n�e� �a�n�d� �t�h�e� �E�D�F� �e�v�e�n�t�u�a�l�l�y� �p�a�r�t�e�d� �w�a�y�s�,� �p�e�r�h�a�p�s� �d�u�e� �t�o� �w�h�a�t� �D�a�v�i�d� �B�r�o�w�e�r� �o�f� �t�h�e� �S�i�e�r�r�a� �C�l�u�b� �s�u�g�g�e�s�t�e�d� 
�w�a�s� �a� �n�e�e�d� �f�o�r� �s�o�m�e� �p�e�o�p�l�e� �"�w�h�o� �a�r�e� �o�l�d�e�r� �a�n�d� �s�t�u�f�f�i�e�r� �(�P�e�e�t�,� �p�.� �3�7�)�.�"�.� �S�e�e� �C�a�r�t�e�r�,� �"�E�n�v�i�r�o�n�m�e�n�t�a�l� �D�e�f�e�n�s�e� 
�F�u�n�d�:� �Y�a�n�n�a�c�o�n�e� �O�u�t� �a�s� �R�i�n�g�m�a�s�t�e�r�,�"� �S�c�i�e�n�c�e� �1�6�6� �(�D�e�c�e�m�b�e�r� �1�9�6�9�)�,� �p�.� �1�6�0�3�.� 
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�d�e�c�i�d�i�n�g� �w�h�i�c�h� �a�c�t�o�r�s� �i�n� �a� �g�i�v�e�n� �s�i�t�u�a�t�i�o�n� �d�e�s�e�r�v�e� �a� �l�e�g�a�l� �h�e�a�r�i�n�g�.� �P�r�e�v�i�o�u�s�l�y�,� �t�h�e� �l�a�w� �h�a�d� 

�r�e�q�u�i�r�e�d� �d�e�m�o�n�s�t�r�a�t�i�o�n� �o�f� �s�p�e�c�i�f�i�c� �i�n�j�u�r�y� �(�o�r�,� �a�t� �b�e�s�t�,� �p�o�t�e�n�t�i�a�l� �i�n�j�u�r�y�)� �b�e�f�o�r�e� �g�r�a�n�t�i�n�g� 

�"�s�t�a�n�d�i�n�g�,�"� �w�i�t�h�o�u�t� �w�h�i�c�h� �a�n� �a�c�t�o�r� �r�e�m�a�i�n�s� �i�n�v�i�s�i�b�l�e� �b�e�f�o�r�e� �t�h�e� �l�a�w�.� �I�n� �t�h�e� �l�a�t�e� �1�9�6�0�s� �a�n�d� 

�e�a�r�l�y� �1�9�7�0�s�,� �h�o�w�e�v�e�r�,� �a� �b�o�d�y� �o�f� �c�a�s�e� �l�a�w� �e�m�e�r�g�e�d� �g�r�e�a�t�l�y� �l�i�b�e�r�a�l�i�z�i�n�g� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� 

�r�e�l�e�v�a�n�t� �i�n�j�u�r�y�,� �o�p�e�n�i�n�g� �t�h�e� �d�o�o�r� �t�o� �c�a�s�e�s� �c�o�n�c�e�r�n�i�n�g� �p�o�t�e�n�t�i�a�l� �e�n�v�i�r�o�n�m�e�n�t�a�l� �d�a�m�a�g�e�.� 

�O�n�e� �s�u�c�h� �c�a�s�e� �c�o�n�c�e�r�n�e�d� �a� �v�a�s�t� �p�u�m�p�e�d� �s�t�o�r�a�g�e� �f�a�c�i�l�i�t�y� �p�l�a�n�n�e�d� �b�y� �N�e�w� �Y�o�r�k� 

�C�i�t�y ��s� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y�,� �t�h�e� �C�o�n�s�o�l�i�d�a�t�e�d� �E�d�i�s�o�n� �C�o�m�p�a�n�y� �(�"�C�o�n� �E�d�"�)�,� �a�t� �S�t�o�r�m� �K�i�n�g� 

�M�o�u�n�t�a�i�n� �o�n� �t�h�e� �p�i�c�t�u�r�e�s�q�u�e� �b�a�n�k�s� �o�f� �t�h�e� �H�u�d�s�o�n� �R�i�v�e�r�.� �T�h�i�s� �p�r�o�j�e�c�t� �p�r�o�v�o�k�e�d� �o�p�p�o�s�i�t�i�o�n� 

�f�r�o�m� �t�w�o� �g�r�o�u�p�s�.� �N�a�t�u�r�e� �l�o�v�e�r�s�,� �w�h�o� �o�r�g�a�n�i�z�e�d� �i�n�t�o� �t�h�e� �S�c�e�n�i�c� �H�u�d�s�o�n� �P�r�e�s�e�r�v�a�t�i�o�n� 

�C�o�n�f�e�r�e�n�c�e�,� �r�e�g�a�r�d�e�d� �t�h�e� �f�a�c�i�l�i�t�y� �a�s� �a� �d�e�s�e�c�r�a�t�i�o�n� �o�f� �a� �t�r�e�a�s�u�r�e�d� �a�r�e�a�.� �M�e�a�n�w�h�i�l�e�,� �v�i�l�l�a�g�e�s� 

�a�n�d� �c�o�u�n�t�i�e�s� �t�h�r�o�u�g�h� �w�h�i�c�h� �t�r�a�n�s�m�i�s�s�i�o�n� �l�i�n�e�s� �w�o�u�l�d� �r�u�n� �o�b�j�e�c�t�e�d� �t�h�a�t� �t�h�e�i�r� �p�r�o�p�e�r�t�y� �v�a�l�u�e�s� 

�a�n�d� �t�a�x� �r�e�v�e�n�u�e�s� �w�o�u�l�d� �f�a�l�l�.� �I�n� �1�9�6�5�,� �a�n� �a�l�l�i�a�n�c�e� �o�f� �t�h�e� �t�w�o� �i�n�t�e�r�e�s�t� �g�r�o�u�p�s� �a�r�g�u�e�d� �b�e�f�o�r�e� 

�t�h�e� �S�e�c�o�n�d� �C�o�u�r�t� �o�f� �A�p�p�e�a�l�s� �t�h�a�t� �n�e�i�t�h�e�r� �C�o�n� �E�d� �n�o�r� �t�h�e� �F�P�C� �h�a�d� �c�o�n�s�i�d�e�r�e�d� �t�h�e� �i�m�p�a�c�t� �o�f� 

�t�h�e� �p�l�a�n�n�e�d� �c�o�n�s�t�r�u�c�t�i�o�n� �o�n� �t�h�e� �a�e�s�t�h�e�t�i�c� �b�e�a�u�t�y� �o�f� �t�h�e� �r�e�g�i�o�n�.� 

�T�h�e� �C�o�u�r�t� �a�g�r�e�e�d�.� �I�n� �o�v�e�r�t�u�r�n�i�n�g� �t�h�e� �F�P�C ��s� �d�e�c�i�s�i�o�n� �t�o� �l�i�c�e�n�s�e� �t�h�e� �f�a�c�i�l�i�t�y�,� �J�u�d�g�e� 

�H�a�y�s� �n�o�t�e�d� �t�h�a�t� �t�h�e� �F�e�d�e�r�a�l� �P�o�w�e�r� �A�c�t� �r�e�q�u�i�r�e�d� �t�h�e� �F�P�C� �t�o� �c�o�n�s�i�d�e�r� �"�r�e�c�r�e�a�t�i�o�n�a�l� �p�u�r�p�o�s�e�s�"� 

�i�n� �d�e�v�e�l�o�p�i�n�g� �n�a�t�i�o�n�a�l� �w�a�t�e�r�w�a�y�s�.� �H�e� �a�l�s�o� �q�u�e�s�t�i�o�n�e�d� �w�h�e�t�h�e�r�,� �i�n� �i�s�s�u�i�n�g� �C�o�n� �E�d� �a� �l�i�c�e�n�s�e�,� 

�t�h�e� �F�P�C� �h�a�d� �f�a�i�t�h�f�u�l�l�y� �d�i�s�c�h�a�r�g�e�d� �i�t�s� �d�u�t�y� �t�o� �p�r�o�t�e�c�t� �t�h�e� �p�u�b�l�i�c� �i�n�t�e�r�e�s�t�.� �M�o�s�t� �o�m�i�n�o�u�s� �f�o�r� 

�C�o�n� �E�d� �a�n�d� �o�t�h�e�r� �u�t�i�l�i�t�i�e�s�,� �H�a�y�s� �s�e�t� �a� �p�r�e�c�e�d�e�n�t� �b�y� �g�r�a�n�t�i�n�g� �"�s�t�a�n�d�i�n�g�"� �t�o� �a�n� �e�n�v�i�r�o�n�m�e�n�t�a�l� 

�g�r�o�u�p�,� �r�e�c�o�g�n�i�z�i�n�g� �i�t� �a�s� �a� �p�a�r�t�y� �t�o� �t�h�e� �p�r�o�c�e�e�d�i�n�g�s� �e�v�e�n� �t�h�o�u�g�h� �i�t� �h�a�d� �n�o�t� �c�l�a�i�m�e�d� �s�p�e�c�i�f�i�c� 

�p�o�t�e�n�t�i�a�l� �e�c�o�n�o�m�i�c� �i�n�j�u�r�y�.� �C�o�n� �E�d� �s�o�o�n� �r�e�-�i�n�i�t�i�a�t�e�d� �p�r�o�c�e�e�d�i�n�g�s� �t�o� �b�u�i�l�d� �a� �r�e�s�e�r�v�o�i�r� �a�t� 

�S�t�o�r�m� �K�i�n�g�,� �a�n�d� �i�n� �t�h�e� �m�i�d�-�1�9�7�0�s� �t�h�e� �l�e�g�a�l� �b�a�t�t�l�e� �s�t�i�l�l� �r�a�g�e�d�.�*�°� 

� � 

�*�6�"�S�c�e�n�i�c� �H�u�d�s�o�n� �P�r�e�s�e�r�v�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e� �e�t� �a�l�.�,� �v�.� �F�e�d�e�r�a�l� �P�o�w�e�r� �C�o�m�m�i�s�s�i�o�n�"� �(�3�5�4� �F�.�2�d� �6�0�8�)�.� �I�n� �1�9�8�1�,� 
�C�o�n� �E�d� �a�g�r�e�e�d� �t�o� �h�a�l�t� �c�o�n�s�t�r�u�c�t�i�o�n� �o�n� �t�h�e� �S�t�o�r�m� �K�i�n�g� �p�r�o�j�e�c�t� �a�n�d� �d�o�n�a�t�e� �t�h�e� �s�i�t�e� �f�o�r� �a� �p�a�r�k�.� �I�n� �r�e�t�u�r�n�,� �i�t�s� 
�e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�t� �o�p�p�o�n�e�n�t�s� �a�g�r�e�e�d� �n�o�t� �t�o� �p�r�e�s�s� �f�o�r� �c�l�o�s�e�d�-�c�y�c�l�e� �c�o�o�l�i�n�g� �s�y�s�t�e�m�s� �i�n� �t�h�r�e�e� �o�t�h�e�r� �p�l�a�n�t�s�.� �S�e�e�:� �D�a�v�i�d� 
�A�n�d�e�l�m�a�n�,� �"�C�o�n� �E�d ��s� �G�r�o�w�t�h� �P�l�a�n� �F�a�c�i�n�g� �B�i�g� �O�b�s�t�a�c�l�e�s�,�"� �T�h�e� �N�e�w� �Y�o�r�k� �T�i�m�e�s� �(�1� �A�p�r�i�l� �1�9�7�4�)�,� �p�p�.� �1�,� �5�1�;� 
�C�a�r�t�e�r�,� �"�E�n�v�i�r�o�n�m�e�n�t�a�l� �L�a�w� �(�1�,� �p�p�.� �1�2�0�5�-�1�2�0�6�;� �D�a�v�i�d� �L�o�t�h� �a�n�d� �M�o�r�r�i�s� �L�.� �E�m�s�t�,� �T�h�e� �T�a�m�i�n�g� �o�f� �T�e�c�h�n�o�l�o�g�y� 
�(�N�e�w� �Y�o�r�k�:� �S�i�m�o�n� �a�n�d� �S�c�h�u�s�t�e�r�,� �1�9�7�2�)�,� �p�p�.� �7�9�-�8�3�,� �a�n�d�;� �T�h�o�m�a�s� �M�.� �H�a�b�a�n� �a�n�d� �R�i�c�h�a�r�d� �O�.� �B�r�o�o�k�s�,� �G�r�e�e�n� 
�J�u�s�t�i�c�e�:� �E�n�v�i�r�o�n�m�e�n�t� �a�n�d� �t�h�e� �C�o�u�r�t�s� �(�B�o�u�l�d�e�r�,� �C�O�:� �W�e�s�t�v�i�e�w� �P�r�e�s�s�,� �1�9�8�7�)�,� �p�p�.� �7�5�-�8�5�.� �H�a�b�a�n� �a�n�d� �B�r�o�o�k�s� �g�i�v�e� 
�e�x�c�e�r�p�t�s� �o�f� �H�a�y�s �� �1�9�6�5� �d�e�c�i�s�i�o�n�.� 

�(�c�o�n�t�i�n�u�e�d�.�.�.�)� 

�2�2



�A� �s�i�m�i�l�a�r� �j�u�d�i�c�i�a�l� �i�n�i�t�i�a�t�i�v�e� �c�o�n�c�e�r�n�e�d� �t�h�e� �r�o�l�e� �o�f� �F�e�d�e�r�a�l� �a�g�e�n�c�i�e�s�,� �p�u�s�h�e�d� �b�y� �s�o�m�e� 

�c�o�u�r�t�s� �i�n�t�o� �r�e�d�e�f�i�n�i�n�g� �t�h�e�i�r� �c�o�n�s�t�i�t�u�e�n�c�i�e�s�.� �J�u�d�g�e� �H�a�y�s�,� �i�n� �e�x�p�l�a�i�n�i�n�g� �h�i�s� �S�t�o�r�m� �K�i�n�g� 

�d�e�c�i�s�i�o�n�,� �c�h�a�r�g�e�d� �t�h�a�t� �a�l�t�h�o�u�g�h� �t�h�e� �F�P�C� �h�a�d� �c�l�a�i�m�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e� �p�u�b�l�i�c�,� �i�t� �h�a�d� �l�i�m�i�t�e�d� 

�i�t�s�e�l�f� �t�o� �"�b�l�a�n�d�l�y� �c�a�l�l�i�n�g� �b�a�l�l�s� �a�n�d� �s�t�r�i�k�e�s� �f�o�r� �a�d�v�e�r�s�a�r�i�e�s� �a�p�p�e�a�r�i�n�g� �b�e�f�o�r�e� �i�t�,�"� �o�n�e� �o�f� �w�h�o�m�,� 

�C�o�n� �E�d�,� �w�i�e�l�d�e�d� �f�a�r� �m�o�r�e� �p�o�w�e�r� �t�h�a�n� �t�h�e� �o�t�h�e�r�,� �t�h�e� �S�c�e�n�i�c� �H�u�d�s�o�n� �P�r�e�s�e�r�v�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�.� 

�R�a�t�h�e�r�,� �H�a�y�s� �o�r�d�e�r�e�d�,� �t�h�e� �C�o�m�m�i�s�s�i�o�n� �m�u�s�t� �t�a�k�e� �a�n� �"�a�c�t�i�v�e� �a�n�d� �a�f�f�i�r�m�a�t�i�v�e�"� �r�o�l�e� �i�n� 

�p�r�o�t�e�c�t�i�n�g� �t�h�e� �p�u�b�l�i�c� �i�n�t�e�r�e�s�t�.�* �� 

�E�q�u�a�l�l�y� �i�m�p�o�r�t�a�n�t� �s�u�p�p�o�r�t� �c�a�m�e� �f�r�o�m� �C�o�n�g�r�e�s�s�,� �w�h�i�c�h� �i�n� �1�9�6�9� �p�a�s�s�e�d� �S�e�n�.� 

�J�a�c�k�s�o�n ��s� �N�a�t�i�o�n�a�l� �E�n�v�i�r�o�n�m�e�n�t�a�l� �P�o�l�i�c�y� �A�c�t� �(�N�E�P�A�)�.� �S�i�g�n�e�d� �i�n�t�o� �l�a�w� �b�y� �P�r�e�s�i�d�e�n�t� �N�i�x�o�n� 

�o�n� �J�a�n�u�a�r�y� �1�,� �1�9�7�0�,� �a�s� �h�i�s� �f�i�r�s�t� �a�c�t� �o�f� �t�h�e� �d�e�c�a�d�e�,� �N�E�P�A� �i�m�p�o�s�e�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� 

�r�e�s�p�o�n�s�i�b�i�l�i�t�i�e�s� �o�n� �a�l�l� �b�r�a�n�c�h�e�s� �o�f� �t�h�e� �F�e�d�e�r�a�l� �g�o�v�e�r�n�m�e�n�t�.� �M�o�s�t� �s�i�g�n�i�f�i�c�a�n�t�,� �S�e�c�t�i�o�n� �1�0�2� 

�r�e�q�u�i�r�e�d� �a�g�e�n�c�i�e�s� �t�o� �p�r�e�p�a�r�e� �a�n� �e�n�v�i�r�o�n�m�e�n�t�a�l� �i�m�p�a�c�t� �s�t�a�t�e�m�e�n�t� �(�E�I�S�)� �f�o�r� �a�l�l� �F�e�d�e�r�a�l�l�y� 

�s�u�p�p�o�r�t�e�d� �o�r� �r�e�g�u�l�a�t�e�d� �a�c�t�i�v�i�t�i�e�s�.� 

�H�e�r�e�,� �a�g�a�i�n�,� �t�h�e� �j�u�d�i�c�i�a�l� �a�r�m� �o�f� �g�o�v�e�r�n�m�e�n�t� �s�u�p�p�o�r�t�e�d� �t�h�e� �n�e�w� �e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�m�.� 

�N�E�P�A� �r�e�c�e�i�v�e�d� �t�e�e�t�h� �i�n� �a� �C�o�u�r�t� �o�f� �A�p�p�e�a�l�s� �c�a�s�e� �c�o�n�c�e�r�n�i�n�g� �a�n� �l�i�c�e�n�s�e� �f�r�o�m� �t�h�e� �A�t�o�m�i�c� 

�E�n�e�r�g�y� �C�o�m�m�i�s�s�i�o�n� �(�A�E�C�)� �f�o�r� �a� �p�r�o�p�o�s�e�d� �a�t�o�m�i�c� �p�o�w�e�r� �p�l�a�n�t�.� �J�u�d�g�e� �S�k�e�l�l�y� �W�r�i�g�h�t� �b�e�g�a�n� 

�h�i�s� �d�e�c�i�s�i�o�n� �b�y� �n�o�t�i�n�g� �t�h�a�t� �i�n� �t�h�e� �p�a�s�t�,� �a�g�e�n�c�i�e�s� �s�u�c�h� �a�s� �t�h�e� �A�E�C� �h�a�d� �d�e�m�u�r�r�e�d� �f�r�o�m� 

�c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �i�m�p�a�c�t�s� �o�f� �t�h�e�i�r� �p�o�l�i�c�i�e�s�,� �c�l�a�i�m�i�n�g� �t�h�a�t� �t�h�e�y� �l�a�c�k�e�d� �a�u�t�h�o�r�i�t�y� 

�t�o� �d�o� �s�o�.� �G�i�v�e�n� �N�E�P�A ��s� �d�i�r�e�c�t�i�v�e�s�,� �W�r�i�g�h�t� �d�r�y�l�y� �o�b�s�e�r�v�e�d�,� �t�h�e� �A�E�C ��s� �"�h�a�n�d�s� �a�r�e� �n�o� �l�o�n�g�e�r� 

�t�i�e�d�.�"� �H�e� �t�h�e�n� �b�l�a�s�t�e�d� �t�h�e� �A�E�C ��s� �"�c�r�a�b�b�e�d� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�"� �o�f� �N�E�P�A�.� �T�h�e� �r�u�l�e�s� �d�e�v�i�s�e�d� �b�y� 

�t�h�e� �a�g�e�n�c�y� �s�e�e�m�e�d� �t�o� �a�l�l�o�w� �i�t� �m�e�r�e�l�y� �t�o� �p�r�e�p�a�r�e� �a�n� �E�I�S� �a�n�d� �s�u�b�m�i�t� �i�t� �t�o� �i�t�s� �h�e�a�r�i�n�g� �b�o�a�r�d�,� 

�w�h�i�c�h� �w�o�u�l�d� �t�h�e�n� �b�e� �f�r�e�e� �t�o� �i�g�n�o�r�e� �i�t� �i�n� �r�e�a�c�h�i�n�g� �a� �d�e�c�i�s�i�o�n�.� �J�u�d�g�e� �W�r�i�g�h�t� �o�p�i�n�e�d� �t�h�a�t�,� �i�n� 

� � 

�3�6�,� �c�o�n�t�i�n�u�e�d�)� 
�S�e�e� �a�l�s�o� �"�S�i�e�r�r�a� �C�l�u�b� �v�.� �M�o�r�t�o�n�,� �S�e�c�r�e�t�a�r�y� �o�f� �t�h�e� �I�n�t�e�r�i�o�r�,� �e�t� �a�l�.�"� �(�4�0�5� �U�.�S�.� �7�2�7�)�,� �i�n� �w�h�i�c�h� �t�h�e� �S�i�e�r�r�a� 

�C�l�u�b� �c�h�a�l�l�e�n�g�e�d� �t�h�e� �I�n�t�e�r�i�o�r� �D�e�p�a�r�t�m�e�n�t ��s� �a�p�p�r�o�v�a�l� �o�f� �a� �p�r�o�p�o�s�a�l� �b�y� �W�a�l�t� �D�i�s�n�e�y� �E�n�t�e�r�p�r�i�s�e�s� �t�o� �b�u�i�l�d� �a� �r�e�s�o�r�t� �i�n� 
�t�h�e� �S�i�e�r�r�a� �N�e�v�a�d�a� �M�o�u�n�t�a�i�n�s�.� �T�h�e� �S�u�p�r�e�m�e� �C�o�u�r�t� �r�u�l�e�d� �i�n� �1�9�7�2� �t�h�a�t� �t�h�e� �S�i�e�r�r�a� �C�l�u�b� �c�o�u�l�d� �a�p�p�l�y� �f�o�r� �s�t�a�n�d�i�n�g� 
�b�a�s�e�d� �o�n� �p�o�s�s�i�b�l�e� �n�o�n�-�e�c�o�n�o�m�i�c� �i�n�j�u�r�y�,� �f�o�r� �e�x�a�m�p�l�e� �o�n�  ��a�e�s�t�h�e�t�i�c� �o�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� �w�e�l�l�-�b�e�i�n�g�.�"� �F�r�a�n�k� �G�r�a�h�a�m�,� 
�J�r�.�,� �"�T�a�k�i�n�g� �P�o�l�l�u�t�e�r�s� �t�o� �C�o�u�r�t�,�"� �N�e�w� �R�e�p�u�b�l�i�c� �1�5�8� �(�1�3� �J�a�n�u�a�r�y� �1�9�6�8�)�,� �p�p�.� �8�-�9�;� �H�a�b�a�n� �a�n�d� �B�r�o�o�k�s�,� �G�r�e�e�n� �J�u�s�t�i�c�e�,� 
�p�p�.� �1�4�4�-�1�4�5�;� �C�a�r�t�e�r�,� �"�E�n�v�i�r�o�n�m�e�n�t�a�l� �L�a�w� �(�I�)�, �� �p�.� �1�2�0�7�.� 

�7�C�a�r�t�e�r�,� �"�E�n�v�i�r�o�n�m�e�n�t�a�l� �L�a�w� �(�1�)�,�"� �p�.� �1�2�0�5�;� �H�o�b�a�n� �a�n�d� �B�r�o�o�k�s�,� �G�r�e�e�n� �J�u�s�t�i�c�e�,� �p�p�.� �6�3�,� �8�1�.� 

�2�3



�w�r�i�t�i�n�g� �N�E�P�A�,� �l�e�g�i�s�l�a�t�o�r�s� �h�a�d� �i�n�t�e�n�d�e�d� �f�e�d�e�r�a�l� �a�g�e�n�c�i�e�s� �t�r�u�l�y� �t�o� �j�u�s�t�i�f�y� �t�h�e�i�r� �a�c�t�i�o�n�s� �i�n� �l�i�g�h�t� 

�o�f� �t�h�e� �E�I�S�,� �s�h�o�w�i�n�g� �t�h�a�t� �a�l�l� �a�l�t�e�r�n�a�t�i�v�e�s� �h�a�d� �b�e�e�n� �c�o�n�s�i�d�e�r�e�d�,� �a�n�d� �e�n�s�u�r�i�n�g� �t�h�a�t� �o�b�v�i�o�u�s� 

�p�u�b�l�i�c� �b�e�n�e�f�i�t�s� �o�u�t�w�e�i�g�h�e�d� �p�o�t�e�n�t�i�a�l� �e�n�v�i�r�o�n�m�e�n�t�a�l� �d�a�m�a�g�e�.� �N�E�P�A ��s� �d�i�r�e�c�t�i�v�e�s� �h�a�l�t�e�d� �v�e�r�y� 

�f�e�w� �p�r�o�j�e�c�t�s�,� �b�u�t� �d�e�v�e�l�o�p�e�r�s� �e�i�t�h�e�r� �a�b�a�n�d�o�n�e�d� �o�r� �n�e�v�e�r� �b�e�g�a�n� �m�a�n�y� �o�t�h�e�r� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y� 

�u�n�j�u�s�t�i�f�i�e�d� �e�f�f�o�r�t�s�.� �T�h�e� �l�a�w� �a�c�t�e�d�,� �i�n� �J�u�d�g�e� �W�r�i�g�h�t ��s� �p�h�r�a�s�e�,� �a�s� �a� �b�r�a�k�e� �o�n� �"�t�h�e� �d�e�s�t�r�u�c�t�i�v�e� 

�e�n�g�i�n�e� �o�f� �m�a�t�e�r�i�a�l�  ��p�r�o�g�r�e�s�s�. ��"� �B�y� �f�o�r�c�i�n�g� �i�n�t�o� �t�h�e� �o�p�e�n� �t�h�e� �c�r�i�t�e�r�i�a� �u�s�e�d� �i�n� �m�a�k�i�n�g� 

�d�e�c�i�s�i�o�n�s�,� �N�E�P�A� �p�r�o�v�i�d�e�d� �a� �t�o�o�l� �f�o�r� �c�o�n�t�r�o�l�l�i�n�g� �e�n�t�r�e�n�c�h�e�d� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �i�n�t�e�r�e�s�t�s�.�*�*� 

�T�o� �c�h�a�r�g�e� �a�g�e�n�c�i�e�s� �s�u�c�h� �a�s� �t�h�e� �F�P�C� �a�n�d� �t�h�e� �A�E�C� �w�i�t�h� �i�g�n�o�r�i�n�g� �t�h�e� �p�u�b�l�i�c� �i�n�t�e�r�e�s�t� 

�m�i�s�s�e�s� �t�h�e� �p�o�i�n�t�.� �D�u�r�i�n�g� �t�h�e� �l�o�n�g� �c�o�n�s�e�n�s�u�s� �o�v�e�r� �h�o�w� �t�o� �m�a�n�a�g�e� �e�l�e�c�t�r�i�c�i�t�y�,� �F�e�d�e�r�a�l� 

�r�e�g�u�l�a�t�o�r�s�,� �l�i�k�e� �r�e�s�i�d�e�n�t�i�a�l� �e�l�e�c�t�r�i�c�i�t�y� �u�s�e�r�s�,� �i�d�e�n�t�i�f�i�e�d� �u�t�i�l�i�t�y� �m�a�n�a�g�e�r�s� �a�s� �s�p�o�k�e�s�m�e�n� �f�o�r� �t�h�e� 

�e�n�t�i�r�e� �s�y�s�t�e�m�,� �i�n�c�l�u�d�i�n�g� �t�h�e� �"�p�u�b�l�i�c�.�"� �I�n� �t�h�e� �1�9�6�0�s�,� �t�h�e� �"�p�u�b�l�i�c�"� �f�r�a�c�t�u�r�e�d� �i�n�t�o� �d�i�s�t�i�n�c�t�,� 

�a�d�v�e�r�s�a�r�i�a�l� �g�r�o�u�p�s�,� �a�n�d� �t�h�e� �c�o�n�c�e�p�t� �o�f� �p�u�b�l�i�c� �i�n�t�e�r�e�s�t� �b�e�g�a�n� �a� �c�o�n�c�e�p�t�u�a�l� �r�e�d�e�f�i�n�i�t�i�o�n�.� �S�o�m�e� 

�g�r�o�u�p�s� �i�d�e�n�t�i�f�i�e�d� �n�e�w� �i�n�t�e�r�e�s�t�s� �i�n� �a�d�d�i�t�i�o�n� �t�o� �c�h�e�a�p�,� �d�e�p�e�n�d�a�b�l�e� �e�l�e�c�t�r�i�c�i�t�y�,� �f�o�r� �e�x�a�m�p�l�e� 

�c�l�e�a�n�e�r� �a�i�r�,� �f�e�w�e�r� �p�o�w�e�r�p�l�a�n�t�s�,� �a�n�d� �a�c�c�e�s�s� �t�o� �b�e�a�u�t�i�f�u�l� �l�a�n�d� �f�o�r� �r�e�c�r�e�a�t�i�o�n�.� �O�t�h�e�r� �a�c�t�o�r�s� 

�a�s�s�e�r�t�e�d� �t�h�e�i�r� �r�i�g�h�t� �t�o� �s�p�e�a�k� �f�o�r� �a� �c�o�m�p�l�e�t�e�l�y� �n�e�w� �k�i�n�d� �o�f� �r�i�g�h�t�-�b�e�a�r�i�n�g� �n�o�n�-�h�u�m�a�n� �a�c�t�o�r�,� �t�h�e� 

�"�e�n�v�i�r�o�n�m�e�n�t�.�"� �T�h�e� �j�u�d�i�c�i�a�l� �d�e�c�i�s�i�o�n�s� �d�i�s�c�u�s�s�e�d� �a�b�o�v�e� �c�a�n� �b�e� �i�n�t�e�r�p�r�e�t�e�d� �a�s� �i�n�s�t�r�u�c�t�i�n�g� 

�F�e�d�e�r�a�l� �a�g�e�n�c�i�e�s� �t�o� �i�d�e�n�t�i�f�y� �c�e�r�t�a�i�n� �g�r�o�u�p�s� �a�s� �t�h�e� �r�e�l�e�v�a�n�t� �p�u�b�l�i�c�,� �f�o�r� �e�x�a�m�p�l�e� �b�e�c�a�u�s�e� �t�h�o�s�e� 

�a�c�t�o�r�s� �l�a�c�k�e�d� �t�h�e� �e�c�o�n�o�m�i�c� �p�o�w�e�r� �o�f� �o�t�h�e�r�s�.� 

�P�o�p�u�l�a�r� �s�u�p�p�o�r�t� 

�A�l�t�h�o�u�g�h� �o�r�g�a�n�i�z�a�t�i�o�n�s� �s�u�c�h� �a�s� �t�h�e� �E�D�F� �p�a�r�t�i�a�l�l�y� �a�b�a�n�d�o�n�e�d� �t�h�e� �o�r�i�e�n�t�a�t�i�o�n� �t�o�w�a�r�d� 

�p�u�b�l�i�c� �e�d�u�c�a�t�i�o�n� �h�e�l�d� �b�y� �t�h�e�i�r� �p�r�e�d�e�c�e�s�s�o�r�s�,� �l�i�t�i�g�i�o�u�s� �e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�m� �e�n�c�o�u�r�a�g�e�d� �a�n�d� 

�r�e�c�e�i�v�e�d� �e�n�c�o�u�r�a�g�e�m�e�n�t� �f�r�o�m� �g�r�o�w�i�n�g� �p�o�p�u�l�a�r� �i�n�t�e�r�e�s�t� �i�n� �e�n�v�i�r�o�n�m�e�n�t�a�l� �i�s�s�u�e�s�.� �F�o�r� 

�e�x�a�m�p�l�e�,� �i�n� �r�e�s�p�o�n�s�e� �t�o� �a� �c�a�s�u�a�l� �s�u�g�g�e�s�t�i�o�n� �b�y� �S�e�n�a�t�o�r� �G�a�y�l�o�r�d� �N�e�l�s�o�n� �(�D�-�W�I�)� �t�h�a�t� 

�A�m�e�r�i�c�a�n�s� �s�e�t� �a�s�i�d�e� �A�p�r�i�l� �2�2�,� �1�9�7�0�,� �f�o�r� �d�i�s�c�u�s�s�i�o�n� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� �i�s�s�u�e�s�,� �1�5�0�0� �c�o�l�l�e�g�e� 

�c�a�m�p�u�s�e�s�,� �1�0�,�0�0�0� �s�c�h�o�o�l�s� �a�n�d� �m�i�l�l�i�o�n�s� �o�f� �c�i�t�i�z�e�n�s� �o�b�s�e�r�v�e�d� �E�a�r�t�h� �D�a�y� �w�i�t�h� �l�e�c�t�u�r�e�s�,� �c�l�e�a�n�-� 

� � 

�8�"�C�a�l�v�e�r�t� �C�l�i�f�f�s �� �C�o�o�r�d�i�n�a�t�i�n�g� �C�o�m�m�i�t�t�e�e�,� �I�n�c�.�,� �v�.� �U�n�i�t�e�d� �S�t�a�t�e�s� �A�t�o�m�i�c� �E�n�e�r�g�y� �C�o�m�m�i�s�s�i�o�n�"� �4�4�9� �F�.�2�d� �1�1�0�9� 
�(�D�.�C�.�C�i�r�.�1�9�7�1�)�;� �H�a�b�a�n� �a�n�d� �B�r�o�o�k�s�,� �G�r�e�e�n� �J�u�s�t�i�c�e�,� �p�p�.� �6�0�-�7�2�;� �"�E�n�v�i�r�o�n�m�e�n�t�a�l� �P�r�o�g�r�a�m�s�,�"� �C�o�n�g�r�e�s�s� �a�n�d� �t�h�e� 
�N�a�t�i�o�n�:� �V�o�l�.� �3�-�-�1�9�6�9�-�1�9�7�2� �(�W�a�s�h�i�n�g�t�o�n�,� �D�C�:� �C�Q� �A�l�m�a�n�a�c�,� �1�9�7�3�)�,� �p�p�.� �7�4�8�-�7�4�9�.� 

�2�4



�u�p�s� �a�n�d� �r�a�l�l�i�e�s�.� �A� �g�r�o�u�p� �c�a�l�l�e�d� �E�n�v�i�r�o�n�m�e�n�t�a�l� �A�c�t�i�o�n�,� �f�o�r�m�e�d� �i�n� �t�h�e� �a�f�t�e�r�m�a�t�h� �o�f� �E�a�r�t�h� 

�D�a�y�,� �i�d�e�n�t�i�f�i�e�d� �t�w�e�l�v�e� �m�e�m�b�e�r�s� �o�f� �C�o�n�g�r�e�s�s� �a�s� �"�b�a�d� �g�u�y�s� �o�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�;�"� �a�f�t�e�r� 

�E�n�v�i�r�o�n�m�e�n�t�a�l� �A�c�t�i�o�n� �p�u�b�l�i�c�i�z�e�d� �t�h�e�i�r� �v�o�t�i�n�g� �r�e�c�o�r�d�s�,� �s�e�v�e�n� �o�f� �t�h�e� �"�d�i�r�t�y� �d�o�z�e�n�"� �l�o�s�t� �t�h�e�i�r� 

�r�e�-�e�l�e�c�t�i�o�n� �b�i�d�s�.�*�°� 

�N�o�t� �a�l�l� �A�m�e�r�i�c�a�n�s� �j�o�i�n�e�d� �t�h�e� �c�l�a�m�o�r� �f�o�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� �a�c�t�i�o�n�.� �W�h�i�l�e� �p�r�e�d�o�m�i�n�a�n�t�l�y� 

�w�h�i�t�e�,� �m�i�d�d�l�e�-�c�l�a�s�s� �c�o�l�l�e�g�e� �s�t�u�d�e�n�t�s� �a�n�d� �f�a�c�u�l�t�y� �c�o�n�s�c�i�e�n�t�i�o�u�s�l�y� �a�t�t�e�n�d�e�d� �"�t�e�a�c�h�-�i�n�s�,�"� �m�a�n�y� 

�m�e�m�b�e�r�s� �o�f� �d�i�s�e�n�f�r�a�n�c�h�i�s�e�d� �m�i�n�o�r�i�t�i�e�s� �r�e�m�a�i�n�e�d� �i�n�d�i�f�f�e�r�e�n�t� �t�o� �t�h�e� �"�m�o�v�e�m�e�n�t�,�"� �o�r� �f�e�a�r�e�d� 

�t�h�a�t� �i�t� �w�o�u�l�d� �d�i�s�t�r�a�c�t� �a�t�t�e�n�t�i�o�n� �a�n�d� �f�u�n�d�i�n�g� �f�r�o�m� �t�h�e�i�r� �o�w�n� �p�r�e�s�s�i�n�g� �n�e�e�d�s� �f�o�r� �a�c�c�e�p�t�a�b�l�e� 

�j�o�b�s�,� �e�d�u�c�a�t�i�o�n� �a�n�d� �h�o�u�s�i�n�g�.� �O�n� �t�h�e� �o�t�h�e�r� �e�n�d� �o�f� �t�h�e� �s�o�c�i�a�l� �s�p�e�c�t�r�u�m�,� �c�o�n�s�e�r�v�a�t�i�v�e�s� �s�u�c�h� �a�s� 

�e�c�o�n�o�m�i�s�t� �M�i�l�t�o�n� �F�r�i�e�d�m�a�n� �c�o�n�s�i�d�e�r�e�d� �e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�m� �a� �f�a�d�,� �a�n�d� �t�h�e�y� �b�l�a�m�e�d� �m�o�s�t� 

�p�o�l�l�u�t�i�o�n� �o�n� �c�o�n�s�u�m�e�r�s� �r�a�t�h�e�r� �t�h�a�n� �p�r�o�d�u�c�e�r�s�.� �T�h�o�u�g�h� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�a�l�i�t�i�o�n� �c�o�n�t�a�i�n�e�d� 

�s�i�g�n�i�f�i�c�a�n�t� �g�a�p�s�,� �a�n�d� �a�l�t�h�o�u�g�h� �i�n�t�e�r�e�s�t� �i�n� �e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�m� �f�l�u�c�t�u�a�t�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �y�e�a�r�s�,� 

�n�a�t�i�o�n�a�l� �a�n�d� �c�o�m�m�u�n�i�t�y� �a�c�t�i�v�i�s�m� �r�e�m�a�i�n�e�d� �a� �p�o�t�e�n�t� �a�n�d� �u�n�p�r�e�d�i�c�t�a�b�l�e� �t�h�r�e�a�t� �t�o� �i�n�s�t�i�t�u�t�i�o�n�s� 

�i�d�e�n�t�i�f�i�e�d� �a�s� �e�n�v�i�r�o�n�m�e�n�t�a�l� �t�r�a�n�s�g�r�e�s�s�o�r�s�,� �i�n�c�l�u�d�i�n�g� �t�h�e� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y� �i�n�d�u�s�t�r�y�. ��°� 

�W�o�r�l�d�l�y� �E�n�v�i�r�o�n�m�e�n�t�a�l�i�s�m�:� �T�h�e� �E�D�F� �a�n�d� �e�l�e�c�t�r�i�c� �r�a�t�e�m�a�k�i�n�g� 

�A�s� �w�e� �h�a�v�e� �s�e�e�n�,� �t�h�e� �n�e�w� �e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�m� �i�n�c�l�u�d�e�d� �a� �n�e�w� �l�i�t�i�g�i�o�u�s� �s�t�r�a�t�e�g�y�,� �a�i�d�e�d� 

�b�y� �n�e�w� �l�e�g�a�l� �c�o�n�c�e�p�t�i�o�n�s� �o�f� �t�h�e� �p�u�b�l�i�c� �i�n�t�e�r�e�s�t�,� �t�h�e� �r�i�g�h�t� �o�f� �a�c�c�e�s�s� �t�o� �e�n�v�i�r�o�n�m�e�n�t�a�l� 

�i�n�f�o�r�m�a�t�i�o�n�,� �a�n�d� �t�h�e� �r�o�l�e� �o�f� �g�o�v�e�r�n�m�e�n�t� �a�g�e�n�c�i�e�s�.� �H�o�w�e�v�e�r�,� �t�o� �c�e�m�e�n�t� �i�t�s� �n�e�w� �r�o�l�e� �a�s� �a� 

�r�e�l�e�v�a�n�t� �a�c�t�o�r� �i�n� �t�h�e� �A�m�e�r�i�c�a�n� �e�n�e�r�g�y� �s�y�s�t�e�m�,� �t�h�e� �E�D�F� �w�e�n�t� �o�n�e� �s�t�e�p� �f�a�r�t�h�e�r�,� �r�e�d�e�f�i�n�i�n�g� 

�"�e�n�v�i�r�o�n�m�e�n�t�a�l�"� �i�s�s�u�e�s� �t�o� �e�m�b�r�a�c�e� �p�o�p�u�l�a�r� �c�o�n�c�e�r�n�s� �s�u�c�h� �a�s� �e�l�e�c�t�r�i�c� �r�a�t�e�s�.� �T�h�i�s� �a�l�l�i�a�n�c�e� �o�f� 

�e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�m� �a�n�d� �c�o�n�s�u�m�e�r� �a�d�v�o�c�a�c�y� �c�a�n� �b�e�s�t� �b�e� �s�e�e�n� �i�n� �t�h�e� �E�D�F ��s� �r�o�l�e� �i�n� �C�a�l�i�f�o�r�n�i�a ��s� 

�u�t�i�l�i�t�y� �p�l�a�n�n�i�n�g� �p�r�o�c�e�d�u�r�e�s�.� 

� � 

�"�T�h�e� �D�a�w�n�i�n�g� �o�f� �E�a�r�t�h� �D�a�y�,�"� �T�i�m�e� �9�5� �(�2�7� �A�p�r�i�l� �1�9�7�0�)�,� �p�.� �4�6�;� �"�T�h�e� �e�c�o�l�o�g�y� �f�a�n�s� �s�h�o�w� �t�h�e�i�r� �m�u�s�c�l�e�,�"� 
�B�u�s�i�n�e�s�s� �W�e�e�k� �(�1�4� �N�o�v�e�m�b�e�r� �1�9�7�0�)�,� �p�p�.� �2�6�-�2�7�;� �G�e�o�r�g�e� �C�.� �W�i�l�s�o�n�,� �"�E�n�v�i�r�o�n�m�e�n�t�a�l�i�s�t�s� �C�l�a�i�m� �8� �W�i�n�s� �i�n� �B�a�t�t�l�e�s� 
�A�g�a�i�n�s�t� �D�i�r�t�y� �D�o�z�e�n�,�"� �T�h�e� �W�a�s�h�i�n�g�t�o�n� �P�o�s�t� �(�7� �N�o�v�e�m�b�e�r� �1�9�7�4�)�,� �p�.� �A�6�.� 

 ��C�a�r�t�e�r�,� �"�E�n�v�i�r�o�n�m�e�n�t�a�l� �T�e�a�c�h�-�I�n�:� �A� �N�e�w� �R�o�u�n�d� �o�f� �S�t�u�d�e�n�t� �A�c�t�i�v�i�s�m�?�"� �S�c�i�e�n�c�e� �1�6�7� �(�1�6� �J�a�n�u�a�r�y� �1�9�7�0�)�;� �"�T�o� 
�b�l�a�c�k�s�,� �e�c�o�l�o�g�y� �i�s� �i�r�r�e�l�e�v�a�n�t�,�"� �B�u�s�i�n�e�s�s� �W�e�e�k� �(�1�4� �N�o�v�e�m�b�e�r� �1�9�7�0�)�,� �p�.� �4�9�.� �C�l�a�i�m�s� �t�h�a�t� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� 
�c�o�a�l�i�t�i�o�n� �l�a�c�k�e�d� �m�i�n�o�r�i�t�y� �s�u�p�p�o�r�t�,� �w�h�i�l�e� �l�a�r�g�e�l�y� �t�r�u�e�,� �a�l�s�o� �s�e�r�v�e�d� �t�h�e� �i�n�t�e�r�e�s�t�s� �o�f� �t�h�e� �m�o�v�e�m�e�n�t ��s� �c�r�i�t�i�c�s�,� �b�y� 
�c�a�s�t�i�n�g� �i�t� �a�s� �t�h�e� �c�o�n�c�e�r�n� �o�f� �d�i�l�e�t�t�a�n�t�e�s� �w�h�o� �c�o�u�l�d�  ��a�f�f�o�r�d�"� �t�o� �w�o�r�r�y� �a�b�o�u�t� �s�u�c�h� �t�h�i�n�g�s�.� 
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�I�n� �t�h�e� �e�a�r�l�y� �1�9�7�0�s�,� �t�h�e� �E�D�F� �f�o�u�g�h�t� �t�o� �e�l�i�m�i�n�a�t�e� �r�a�t�e� �s�t�r�u�c�t�u�r�e�s� �s�u�c�h� �a�s� �d�i�s�c�o�u�n�t�s� �f�o�r� 

�b�u�l�k�-�p�o�w�e�r� �s�a�l�e�s� �t�h�a�t� �l�e�d�,� �t�h�e�y� �b�e�l�i�e�v�e�d�,� �t�o� �p�r�o�f�l�i�g�a�t�e� �g�r�o�w�t�h� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �d�e�g�r�a�d�a�t�i�o�n�.� 

�U�n�f�o�r�t�u�n�a�t�e�l�y�,� �e�l�i�m�i�n�a�t�i�n�g� �s�u�c�h� �d�e�a�l�s� �r�e�s�u�l�t�e�d�,� �a�t� �l�e�a�s�t� �i�n� �t�h�e� �s�h�o�r�t� �t�e�r�m�,� �i�n� �h�i�g�h�e�r� �e�l�e�c�t�r�i�c� 

�r�a�t�e�s�.� �B�y� �t�h�e� �m�i�d�-�1�9�7�0�s�,� �t�h�e� �E�D�F� �h�a�d� �r�e�t�r�e�a�t�e�d� �f�r�o�m� �p�o�s�i�t�i�o�n�s� �t�h�a�t� �t�i�e�d� �e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�m� �t�o� 

�h�i�g�h�e�r� �b�i�l�l�s� �i�n� �t�h�e� �m�i�n�d� �o�f� �a� �p�u�b�l�i�c� �a�l�r�e�a�d�y� �i�n�c�e�n�s�e�d� �o�v�e�r� �t�h�e� �o�i�l� �e�m�b�a�r�g�o�.� �A�s� �a�n� 

�a�l�t�e�r�n�a�t�i�v�e�,� �t�w�o� �E�D�F� �s�t�a�f�f� �m�e�m�b�e�r�s�,� �e�c�o�n�o�m�i�s�t� �Z�a�c�h� �W�i�l�l�e�y� �a�n�d� �a�t�t�o�r�n�e�y� �T�o�m� �G�r�a�f�f�,� 

�a�r�t�i�c�u�l�a�t�e�d� �a� �n�e�w� �s�t�r�a�t�e�g�y�.� 

�A�s� �a� �c�o�l�l�e�a�g�u�e� �d�e�s�c�r�i�b�e�d� �t�h�e�i�r� �i�n�s�i�g�h�t�,� �W�i�l�l�e�y� �a�n�d� �G�r�a�f�f� �i�n�t�e�n�d�e�d� �t�o� 

�.�.�.� �S�h�o�w� �t�h�a�t� �c�o�a�l� �a�n�d� �n�u�c�l�e�a�r� �p�o�w�e�r�p�l�a�n�t�s� �w�e�r�e� �a�n� �i�n�f�e�r�i�o�r� �c�h�o�i�c�e�,� �o�n� �[�t�h�e� �u�t�i�l�i�t�i�e�s ��]� 
�o�w�n� �t�e�r�m�s�.� �A� �m�o�m�e�n�t ��s� �p�a�u�s�e� �w�a�s� �n�e�c�e�s�s�a�r�y� �t�o� �a�p�p�r�e�c�i�a�t�e� �t�h�a�t�,� �d�e�s�p�i�t�e� �e�n�o�r�m�o�u�s� 
�e�n�v�i�r�o�n�m�e�n�t�a�l� �i�m�p�l�i�c�a�t�i�o�n�s�,� �t�h�i�s� �a�r�g�u�m�e�n�t� �a�b�o�u�t� �f�u�t�u�r�e� �p�o�w�e�r� �d�e�v�e�l�o�p�m�e�n�t� �w�o�u�l�d� 
�n�o�t� �m�e�n�t�i�o�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �a�t� �a�l�l�.�*�!� 

�S�p�e�c�i�f�i�c�a�l�l�y�,� �t�h�e� �E�D�F� �s�t�a�f�f�e�r�s� �a�r�g�u�e�d� �t�h�a�t� �u�t�i�l�i�t�i�e�s� �c�o�u�l�d� �m�e�e�t� �d�e�m�a�n�d� �m�o�r�e� �c�h�e�a�p�l�y� �b�y� �u�s�i�n�g� 

�a� �m�i�x� �o�f� �e�n�e�r�g�y� �c�o�n�s�e�r�v�a�t�i�o�n� �a�n�d� �s�m�a�l�l�-�s�c�a�l�e�,� �r�e�n�e�w�a�b�l�e�-�r�e�s�o�u�r�c�e� �t�e�c�h�n�o�l�o�g�i�e�s� �s�u�c�h� �a�s� �w�i�n�d� 

�t�u�r�b�i�n�e�s� �t�h�a�n� �b�y� �c�o�n�s�t�r�u�c�t�i�n�g� �c�o�n�v�e�n�t�i�o�n�a�l� �p�o�w�e�r�p�l�a�n�t�s�.� �T�o� �m�a�k�e� �t�h�i�s� �c�a�s�e�,� �t�h�e� �E�D�F� 

�p�a�r�t�i�c�i�p�a�t�e�d� �i�n� �1�9�7�5� �a�s� �a�n� �"�i�n�t�e�r�v�e�n�o�r�"� �i�n� �a� �r�a�t�e�-�c�a�s�e� �b�e�f�o�r�e� �t�h�e� �C�a�l�i�f�o�r�n�i�a� �P�u�b�l�i�c� �U�t�i�l�i�t�y� 

�C�o�m�m�i�s�s�i�o�n� �(�C�P�U�C�)�,� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �P�a�c�i�f�i�c� �G�a�s� �&� �E�l�e�c�t�r�i�c� �C�o�m�p�a�n�y ��s� �(�P�G�&�E�)� �a�p�p�l�i�c�a�t�i�o�n� 

�t�o� �r�a�i�s�e� �r�a�t�e�s� �i�n� �t�h�e� �c�o�m�i�n�g� �y�e�a�r�.� 

�I�n� �S�e�p�t�e�m�b�e�r� �o�f� �1�9�7�5�,� �L�e�o�n�a�r�d� �R�o�s�s�,� �a� �c�o�m�m�i�s�s�i�o�n�e�r� �r�e�c�e�n�t�l�y� �a�p�p�o�i�n�t�e�d� �b�y� 

�G�o�v�e�r�n�o�r� �J�e�r�r�y� �B�r�o�w�n�,� �h�a�d� �w�r�i�t�t�e�n� �f�o�r� �t�h�e� �C�P�U�C� �t�h�a�t� �"�w�e� �r�e�g�a�r�d� �c�o�n�s�e�r�v�a�t�i�o�n� �[�a�s�]� �t�h�e� �m�o�s�t� 

�i�m�p�o�r�t�a�n�t� �t�a�s�k� �f�a�c�i�n�g� �u�t�i�l�i�t�i�e�s� �t�o�d�a�y�,�"�*�*� �a�n�d� �d�e�m�a�n�d�e�d� �t�h�a�t� �u�t�i�l�i�t�i�e�s� �p�u�r�s�u�e� �a�l�t�e�r�n�a�t�i�v�e�s� �t�o� 

�c�o�n�v�e�n�t�i�o�n�a�l� �p�o�w�e�r�p�l�a�n�t� �c�o�n�s�t�r�u�c�t�i�o�n�.� �I�n� �t�h�e� �h�e�a�r�i�n�g� �o�v�e�r� �1�9�7�6� �r�a�t�e�s�,� �W�i�l�l�e�y� �a�n�d� �G�r�a�f�f� 

�p�o�i�n�t�e�d� �o�u�t� �t�h�a�t� �P�G�&�E� �h�a�d� �a�p�p�a�r�e�n�t�l�y� �i�g�n�o�r�e�d� �R�o�s�s ��s� �i�n�j�u�n�c�t�i�o�n� �b�y� �p�l�a�n�n�i�n�g� �t�o� �s�p�e�n�d� �$�1�3� 

�b�i�l�l�i�o�n� �o�n� �c�o�n�s�t�r�u�c�t�i�o�n� �i�n� �t�h�e� �c�o�m�i�n�g� �d�e�c�a�d�e�,� �b�u�t� �n�o�t�h�i�n�g� �o�n� �c�o�n�s�e�r�v�a�t�i�o�n�.� �T�h�e�y� �t�h�e�n� �c�a�l�l�e�d� 

� � 

 ��T�h�e� �f�o�l�l�o�w�i�n�g� �a�c�c�o�u�n�t� �o�f� �t�h�e� �E�D�F ��s� �a�c�t�i�v�i�t�i�e�s� �i�n� �u�t�i�l�i�t�y� �r�e�g�u�l�a�t�i�o�n� �d�r�a�w�s� �o�n� �D�a�v�i�d� �R�o�e�,� �D�y�n�a�m�o�s� �a�n�d� 
�V�i�r�g�i�n�s� �(�N�e�w� �Y�o�r�k�:� �R�a�n�d�o�m� �H�o�u�s�e�,� �1�9�8�4�)�.� �S�e�e� �a�l�s�o� �D�o�u�g�l�a�s� �D�.� �A�n�d�e�r�s�o�n�,� �R�e�g�u�l�a�t�o�r�y� �P�o�l�i�t�i�c�s� �a�n�d� �E�l�e�c�t�r�i�c� 
�U�t�i�l�i�t�i�e�s�:� �A� �c�a�s�e� �s�t�u�d�y� �i�n� �p�o�l�i�t�i�c�a�l� �e�c�o�n�o�m�y� �(�B�o�s�t�o�n�:� �A�u�b�u�r�n� �H�o�u�s�e� �P�u�b�l�i�s�h�i�n�g� �C�o�.�,� �1�9�8�1�)�,� �p�p�.� �1�1�0�-�1�1�3�.� 

 ��7�8� �C�P�U�C�,� �d�.�8�4�9�0�2� �(�1�6� �S�e�p�t�e�m�b�e�r� �1�9�7�5�)�,� �p�.� �7�4�6�.� �S�e�e� �B�a�r�b�a�r�a� �B�a�r�k�o�v�i�c�h�,� �R�e�g�u�l�a�t�o�r�y� �I�n�t�e�r�v�e�n�t�i�o�n�i�s�m� �i�n� �t�h�e� 
�U�t�i�l�i�t�y� �I�n�d�u�s�t�r�y�:� �F�a�i�r�n�e�s�s�,� �e�f�f�i�c�i�e�n�c�y� �a�n�d� �t�h�e� �p�u�r�s�u�i�t� �o�f� �e�n�e�r�g�y� �c�o�n�s�e�r�v�a�t�i�o�n� �(�N�e�w� �Y�o�r�k�:� �Q�u�o�r�o�m� �B�o�o�k�s�,� �1�9�8�9�)�,� 
�p�p�.� �7�6�-�7�7�.� 
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�w�i�t�n�e�s�s�e�s�,� �i�n�c�l�u�d�i�n�g� �p�h�y�s�i�c�i�s�t� �A�r�t�h�u�r� �R�o�s�e�n�f�e�l�d� �o�f� �t�h�e� �L�a�w�r�e�n�c�e� �B�e�r�k�e�l�e�y� �L�a�b�o�r�a�t�o�r�y�,� �w�h�o� 

�q�u�e�s�t�i�o�n�e�d� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �P�G�&�E ��s� �e�s�t�i�m�a�t�e�s� �o�f� �f�u�t�u�r�e� �e�l�e�c�t�r�i�c�i�t�y� �d�e�m�a�n�d�.� �W�i�l�l�e�y� �w�e�n�t� �o�n� 

�t�o� �p�r�e�s�e�n�t� �c�o�m�p�u�t�e�r�-�g�e�n�e�r�a�t�e�d� �s�c�e�n�a�r�i�o�s� �b�a�s�e�d� �o�n� �d�i�f�f�e�r�e�n�t� �g�r�o�w�t�h� �s�t�r�a�t�e�g�i�e�s�,� �u�s�i�n�g� �P�G�&�E ��s� 

�o�w�n� �f�o�r�e�c�a�s�t�i�n�g� �m�e�t�h�o�d�s�.� �T�h�e� �c�o�m�p�a�r�i�s�o�n�s� �s�h�o�w�e�d�,� �h�e� �c�l�a�i�m�e�d�,� �t�h�a�t� �E�D�F ��s� �a�l�t�e�r�n�a�t�i�v�e� 

�d�e�v�e�l�o�p�m�e�n�t� �p�l�a�n� �w�o�u�l�d� �l�e�a�d� �t�o� �n�o�t� �o�n�l�y� �l�o�w�e�r� �r�a�t�e�s� �b�u�t� �h�i�g�h�e�r� �r�e�t�u�r�n�s� �f�o�r� �i�n�v�e�s�t�o�r�s�.� �H�i�s� 

�c�o�n�t�e�n�t�i�o�n� �t�h�a�t� �c�o�n�s�e�r�v�a�t�i�o�n� �a�n�d� �a�l�t�e�r�n�a�t�i�v�e� �e�n�e�r�g�y� �c�o�n�s�t�i�t�u�t�e�d� �s�m�a�r�t� �b�u�s�i�n�e�s�s�,� �a�n�d� �h�i�s� 

�d�e�f�e�n�s�e� �o�f� �t�h�e� �u�t�i�l�i�t�y ��s� �r�i�g�h�t� �t�o� �e�a�r�n� �a� �p�r�o�f�i�t�,� �r�e�p�r�e�s�e�n�t�e�d� �a� �b�r�e�a�k� �b�y� �E�D�F� �f�r�o�m� �t�h�e� 

�p�r�e�d�o�m�i�n�a�n�t�l�y� �"�a�n�t�i�-�u�t�i�l�i�t�y�" �� �s�t�a�n�c�e� �o�f� �i�t�s� �e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�t� �c�o�l�l�e�a�g�u�e�s�.� 

�A�_�n�e�w� �r�e�g�u�l�a�t�o�r�y� �p�h�i�l�o�s�o�p�h�y� 

�T�h�e� �W�i�l�l�e�y�-�G�r�a�f�f� �a�p�p�r�o�a�c�h� �r�e�s�o�n�a�t�e�d� �w�i�t�h� �e�m�e�r�g�i�n�g� �s�t�a�t�e� �r�e�g�u�l�a�t�o�r�y� �p�h�i�l�o�s�o�p�h�i�e�s� �t�o� 

�s�t�e�p� �u�p� �t�h�e� �s�t�r�e�s�s� �o�n� �A�m�e�r�i�c�a�n� �u�t�i�l�i�t�i�e�s�.� �I�n� �t�h�e� �m�i�d�-�1�9�7�0�s�,� �r�e�g�u�l�a�t�o�r�s� �a�c�r�o�s�s� �t�h�e� �n�a�t�i�o�n� 

�b�e�g�a�n� �t�o� �e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �"�m�a�r�g�i�n�a�l� �c�o�s�t� �p�r�i�c�i�n�g�,�"� �a� �t�h�e�o�r�y� �a�d�v�o�c�a�t�e�d� �m�o�s�t� �c�o�g�e�n�t�l�y� �b�y� 

�A�l�f�r�e�d� �E�.� �K�a�h�n�,� �a�p�p�o�i�n�t�e�d� �c�h�a�i�r�m�a�n� �o�f� �t�h�e� �N�e�w� �Y�o�r�k� �P�u�b�l�i�c� �S�e�r�v�i�c�e� �C�o�m�m�i�s�s�i�o�n� �i�n� �1�9�7�4�.� 

�F�o�r�m�e�r�l�y� �a� �p�r�o�f�e�s�s�o�r� �o�f� �e�c�o�n�o�m�i�c�s� �a�t� �C�o�r�n�e�l�l� �U�n�i�v�e�r�s�i�t�y�,� �K�a�h�n� �h�a�d� �a�r�g�u�e�d� �i�n� �h�i�s� �i�n�f�l�u�e�n�t�i�a�l� 

�1�9�7�0� �s�t�u�d�y�,� �T�h�e� �E�c�o�n�o�m�i�c�s� �o�f� �R�e�g�u�l�a�t�i�o�n�,� �t�h�a�t� �r�e�g�u�l�a�t�i�o�n� �o�f�t�e�n� �i�m�p�e�d�e�s� �c�o�m�p�e�t�i�t�i�o�n�,� �t�h�a�t� 

�g�o�v�e�r�n�m�e�n�t� �o�f�f�i�c�i�a�l�s� �o�f�t�e�n� �m�i�s�u�n�d�e�r�s�t�a�n�d� �t�h�e� �c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �t�h�e�i�r� �a�c�t�i�o�n�s�,� �a�n�d� �t�h�a�t� �m�a�r�k�e�t� 

�f�o�r�c�e�s�,� �r�a�t�h�e�r� �t�h�a�n� �g�o�v�e�r�n�m�e�n�t� �p�o�l�i�c�y�,� �o�u�g�h�t� �t�o� �a�l�l�o�c�a�t�e� �r�e�s�o�u�r�c�e�s�.� �M�o�s�t� �i�m�p�o�r�t�a�n�t�,� �K�a�h�n� 

�a�d�v�o�c�a�t�e�d� �p�r�i�c�e�s� �r�e�f�l�e�c�t�i�n�g� �m�a�r�g�i�n�a�l� �c�o�s�t�s�,� �r�a�t�h�e�r� �t�h�a�n� �t�r�a�d�i�t�i�o�n�a�l� �r�a�t�e� �s�t�r�u�c�t�u�r�e�s� �w�h�i�c�h� �h�a�d� 

�b�e�e�n� �d�e�s�i�g�n�e�d� �t�o� �s�t�i�m�u�l�a�t�e� �d�e�m�a�n�d�. �� 

�A�t� �t�h�e� �t�i�m�e�,� �m�o�s�t� �u�t�i�l�i�t�i�e�s� �s�t�i�l�l� �o�f�f�e�r�e�d� �"�d�e�c�l�i�n�i�n�g� �b�l�o�c�k� �r�a�t�e�s�,�"� �w�h�i�c�h� �c�h�a�r�g�e�d� �l�e�s�s� 

�p�e�r� �u�n�i�t� �o�f� �e�l�e�c�t�r�i�c�i�t�y� �a�s� �c�u�s�t�o�m�e�r�s �� �t�o�t�a�l� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �p�o�w�e�r� �i�n�c�r�e�a�s�e�d�.� �T�h�e�s�e� �s�t�i�m�u�l�a�n�t�s� 

�t�o� �u�s�e� �m�a�d�e� �a�p�p�a�r�e�n�t� �e�c�o�n�o�m�i�c� �s�e�n�s�e� �w�h�e�n� �b�u�r�g�e�o�n�i�n�g� �u�t�i�l�i�t�i�e�s� �r�e�g�u�l�a�r�l�y� �a�c�h�i�e�v�e�d� 

� � 

 ��3�M�a�r�g�i�n�a�l� �p�r�i�c�i�n�g� �t�h�e�o�r�y� �d�i�c�t�a�t�e�s� �t�h�a�t� �a� �c�u�s�t�o�m�e�r� �p�u�r�c�h�a�s�i�n�g� �a�n� �a�d�d�i�t�i�o�n�a�l� �u�n�i�t� �o�f� �p�o�w�e�r� �p�a�y� �t�h�e� �c�o�s�t� �o�f� 
�p�r�o�d�u�c�i�n�g� �t�h�a�t� �u�n�i�t�.� �U�t�i�l�i�t�i�e�s� �u�s�e� �t�h�e�i�r� �m�o�s�t� �e�f�f�i�c�i�e�n�t� �"�b�a�s�e�l�o�a�d�"� �u�n�i�t�s� �m�o�s�t� �o�f� �t�h�e� �t�i�m�e�;� �t�h�e�s�e� �b�u�r�n� �c�h�e�a�p� �c�o�a�l� �o�r� 
�n�u�c�l�e�a�r� �f�u�e�l�,� �o�r� �u�s�e� �h�y�d�r�o�p�o�w�e�r�,� �w�h�o�s�e� �"�f�u�e�l�"� �c�o�s�t�s� �n�o�t�h�i�n�g�.� �U�t�i�l�i�t�i�e�s� �o�n�l�y� �c�a�l�l� �o�n� �l�i�n�e� �"�p�e�a�k�i�n�g�"� �u�n�i�t�s� �w�h�e�n� 
�h�i�g�h� �d�e�m�a�n�d� �r�e�q�u�i�r�e�s� �i�t�;� �t�h�e�s�e� �u�n�i�t�s� �b�u�r�n� �e�x�p�e�n�s�i�v�e� �o�i�l� �a�n�d� �n�a�t�u�r�a�l� �g�a�s�.� �T�h�u�s�,� �g�e�n�e�r�a�t�i�n�g� �e�a�c�h� �"�e�x�t�r�a�"� �i�n�c�r�e�m�e�n�t� 
�o�f� �p�o�w�e�r� �c�o�s�t�s� �s�u�b�s�t�a�n�t�i�a�l�l�y� �m�o�r�e� �t�h�a�n� �p�r�e�v�i�o�u�s� �i�n�c�r�e�m�e�n�t�s�.� �A� �p�r�i�c�i�n�g� �s�y�s�t�e�m� �t�h�a�t� �r�e�f�l�e�c�t�s� �t�h�i�s� �d�i�f�f�e�r�e�n�c�e�,� �t�h�e� 
�t�h�e�o�r�y� �c�o�n�t�e�n�d�s�,� �s�e�n�d�s� �c�o�n�s�u�m�e�r�s� �a�p�p�r�o�p�r�i�a�t�e� �m�e�s�s�a�g�e�s� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �r�e�a�l� �c�o�s�t� �o�f� �t�h�e� �c�o�m�m�o�d�i�t�y�,� �a�n�d� �a�l�l�o�w�s� 
�c�o�r�r�e�c�t� �a�l�l�o�c�a�t�i�o�n� �o�f� �s�o�c�i�e�t�y ��s� �r�e�s�o�u�r�c�e�s�.� �S�e�e� �A�l�f�r�e�d� �E�.� �K�a�h�n�,� �T�h�e� �E�c�o�n�o�m�i�c�s� �o�f� �R�e�g�u�l�a�t�i�o�n�:� �P�r�i�n�c�i�p�l�e�s� �a�n�d� 
�I�n�s�t�i�t�u�t�i�o�n�s�,� �V�o�l�.� �1� �(�N�e�w� �Y�o�r�k�:� �W�i�l�e�y� �a�n�d� �S�o�n�s�,� �1�9�7�0�)�,� �p�p�.� �6�5�-�6�6�,� �a�n�d�;� �T�h�o�m�a�s� �K�.� �M�c�C�r�a�w�,� �P�r�o�p�h�e�t�s� �o�f� 
�R�e�g�u�l�a�t�i�o�n� �(�C�a�m�b�r�i�d�g�e�,� �M�A�:� �B�e�l�k�n�a�p� �P�r�e�s�s�,� �1�9�8�4�)�,� �p�p�.� �2�3�3�-�2�5�6�.� 
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�e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e�;� �r�i�s�i�n�g� �d�e�m�a�n�d� �a�l�l�o�w�e�d� �u�t�i�l�i�t�i�e�s� �t�o� �b�u�i�l�d� �b�i�g�g�e�r�,� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �l�a�t�e�-�m�o�d�e�l� 

�p�l�a�n�t�s� �a�n�d� �d�i�v�i�d�e� �t�h�e� �f�i�x�e�d� �c�o�s�t�s� �o�f� �o�p�e�r�a�t�i�o�n� �o�v�e�r� �m�o�r�e� �u�n�i�t�s� �o�f� �e�n�e�r�g�y� �s�o�l�d�.� �H�o�w�e�v�e�r�,� �t�h�e� 

�1�9�6�0�s� �b�r�o�u�g�h�t� �c�l�i�m�b�i�n�g� �m�a�r�g�i�n�a�l� �c�o�s�t� �c�u�r�v�e�s�-�-�e�a�c�h� �s�u�b�s�e�q�u�e�n�t� �u�n�i�t� �o�f� �e�l�e�c�t�r�i�c�i�t�y� �c�o�s�t� �a� 

�s�m�i�d�g�e�n� �m�o�r�e�,� �r�a�t�h�e�r� �t�h�a�n� �l�e�s�s�,� �t�o� �p�r�o�d�u�c�e�.� �I�n� �t�h�e� �a�l�t�e�r�e�d� �e�n�v�i�r�o�n�m�e�n�t�,� �K�a�h�n� �a�r�g�u�e�d�,� 

�d�e�c�l�i�n�i�n�g� �b�l�o�c�k� �r�a�t�e�s� �s�e�n�t� �p�r�e�c�i�s�e�l�y� �t�h�e� �w�r�o�n�g� �m�e�s�s�a�g�e�.� 

�K�a�h�n ��s� �n�e�w� �r�a�t�e� �p�l�a�n� �i�n�c�l�u�d�e�d� �"�p�e�a�k�-�l�o�a�d� �p�r�i�c�i�n�g�,�"� �b�y� �w�h�i�c�h� �c�u�s�t�o�m�e�r�s� �p�a�i�d� �m�o�r�e� 

�d�u�r�i�n�g� �t�h�e� �t�i�m�e�s� �o�f� �d�a�y� �a�n�d� �y�e�a�r� �o�f� �h�i�g�h�e�s�t� �d�e�m�a�n�d�,� �w�h�e�n� �g�e�n�e�r�a�t�i�o�n� �c�o�s�t�s� �r�a�n� �h�i�g�h�e�s�t�.� 

�K�a�h�n� �a�l�s�o� �e�l�i�m�i�n�a�t�e�d� �d�e�c�l�i�n�i�n�g� �b�l�o�c�k� �r�a�t�e�s�.� �B�y� �i�n�t�r�o�d�u�c�i�n�g� �m�a�r�g�i�n�a�l� �p�r�i�c�i�n�g�,� �K�a�h�n� �i�n�t�e�n�d�e�d� 

�t�o� �s�l�o�w� �p�r�i�c�e� �i�n�c�r�e�a�s�e�s�,� �b�u�t� �h�e� �f�o�u�n�d� �a�d�d�i�t�i�o�n�a�l� �s�u�p�p�o�r�t� �f�r�o�m� �e�n�v�i�r�o�n�m�e�n�t�a�l� �a�d�v�o�c�a�t�e�s�,� �s�u�c�h� 

�a�s� �t�h�e� �E�D�F�, �� �w�h�o� �o�p�p�o�s�e�d� �p�o�w�e�r�p�l�a�n�t� �c�o�n�s�t�r�u�c�t�i�o�n�.� �H�i�s� �s�u�c�c�e�s�s� �e�n�c�o�u�r�a�g�e�d� �o�t�h�e�r� �s�t�a�t�e� 

�a�n�d� �F�e�d�e�r�a�l� �p�o�l�i�c�y�-�m�a�k�e�r�s� �t�o� �r�e�c�o�m�m�e�n�d� �r�a�t�e� �r�e�f�o�r�m�.� �I�n� �1�9�7�6�,� �t�h�e� �F�P�C� �a�d�v�i�s�e�d� �t�h�a�t� 

�"�u�t�i�l�i�t�i�e�s� �s�h�o�u�l�d� �a�c�c�e�l�e�r�a�t�e� �t�h�e�i�r� �e�f�f�o�r�t�s� �t�o� �t�e�s�t� �t�h�e� �p�o�t�e�n�t�i�a�l� �b�e�n�e�f�i�t�s� �o�f� �p�e�a�k�-�l�o�a�d� �p�r�i�c�i�n�g� �a�s� �a� 

�m�e�a�n�s� �o�f� �c�o�n�t�r�o�l�l�i�n�g� �l�o�a�d� �g�r�o�w�t�h�,�" �� �a�n�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �y�e�a�r� �t�h�e� �C�a�r�t�e�r� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� 

�b�e�g�a�n� �a� �p�u�s�h� �i�n� �C�o�n�g�r�e�s�s� �f�o�r� �r�a�t�e� �r�e�f�o�r�m� �l�e�g�i�s�l�a�t�i�o�n�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �c�o�o�p�e�r�a�t�i�n�g� �w�i�t�h� �K�a�h�n� �i�n� �N�e�w� �Y�o�r�k�,� �t�h�e� �E�D�F� �t�o�o�k� �t�h�e�i�r� �s�h�o�w� �o�n� �t�h�e� 

�r�o�a�d� �t�o� �o�t�h�e�r� �s�t�a�t�e�s�,� �i�n�c�l�u�d�i�n�g� �A�r�k�a�n�s�a�s�,� �a�f�t�e�r� �A�t�t�o�r�n�e�y� �G�e�n�e�r�a�l� �B�i�l�l� �C�l�i�n�t�o�n� �i�n�v�i�t�e�d� �t�h�e�m� �t�o� 

�i�n�t�e�r�v�e�n�e� �i�n� �a� �r�a�t�e� �c�a�s�e�.� �H�o�w�e�v�e�r�,� �t�h�e� �E�D�F� �s�a�w� �m�o�r�e� �l�o�n�g�-�t�e�r�m� �p�r�o�m�i�s�e� �i�n� �t�e�a�c�h�i�n�g� �o�t�h�e�r� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �a�c�t�i�v�i�s�t�s� �a�n�d� �l�o�c�a�l� �g�o�v�e�r�n�m�e�n�t�s� �t�h�e� �W�i�l�l�e�y�-�G�r�a�f�f� �a�p�p�r�o�a�c�h�,� �w�h�i�c�h� �r�e�p�h�r�a�s�e�d� 

�e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�m� �i�n� �a� �m�a�n�n�e�r� �a�m�e�n�a�b�l�e� �t�o� �u�t�i�l�i�t�y� �i�n�t�e�r�e�s�t�s�.� �I�n� �h�i�n�d�s�i�g�h�t�,� �t�h�i�s� �c�o�l�l�a�b�o�r�a�t�i�v�e� 

�s�t�r�a�t�e�g�y� �s�e�e�m�s� �a�n� �i�m�p�o�r�t�a�n�t� �e�v�o�l�u�t�i�o�n� �o�f� �Y�a�n�n�a�c�o�n�e ��s� �c�o�n�f�r�o�n�t�a�t�i�o�n�a�l� �"�s�u�e�-�t�h�e�-�b�a�s�t�a�r�d�s�"� 

�1�.�*�6� �p�h�i�l�o�s�o�p�h�y�.� �Y�e�t�,� �u�t�i�l�i�t�i�e�s� �f�o�u�g�h�t� �i�t� �t�o�o�t�h� �a�n�d� �n�a�i� �O�n�e� �e�x�e�c�u�t�i�v�e� �w�a�r�n�e�d� �h�i�s� �c�o�l�l�e�a�g�u�e�s� 

� � 

 ��M�c�C�r�a�w�,� �P�r�o�p�h�e�t�s� �o�f� �R�e�g�u�l�a�t�i�o�n�,� �p�p�.� �2�4�9�-�2�5�2�.� 

 ��F�e�d�e�r�a�l� �P�o�w�e�r� �C�o�m�m�i�s�s�i�o�n�,� �N�a�t�i�o�n�a�l� �P�o�w�e�r� �S�u�r�v�e�y�:� �T�h�e� �A�d�e�q�u�a�c�y� �o�f� �F�u�t�u�r�e� �E�l�e�c�t�r�i�c� �P�o�w�e�r� �S�u�p�p�l�y�.� 
�P�r�o�b�l�e�m�s� �a�n�d� �P�o�l�i�c�i�e�s�:� �T�h�e� �R�e�p�o�r�t� �a�n�d� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �o�f� �t�h�e� �T�e�c�h�n�i�c�a�l� �A�d�v�i�s�o�r�y� �C�o�m�m�i�t�t�e�e� �o�n� �t�h�e� �I�m�p�a�c�t� �o�f� 
�I�n�a�d�e�q�u�a�t�e� �E�l�e�c�t�r�i�c� �P�o�w�e�r� �S�u�p�p�l�y� �(�W�a�s�h�i�n�g�t�o�n�,� �D�C�:� �U�.�S�.� �G�o�v�e�r�n�m�e�n�t� �P�r�i�n�t�i�n�g� �O�f�f�i�c�e�,� �1�9�7�6�)�,� �p�.� �v�i�i�i�.� 

 ��R�o�e� �g�i�v�e�s� �a� �h�i�n�t� �o�f� �t�h�e� �i�n�s�t�i�t�u�t�i�o�n�a�l� �b�a�r�r�i�e�r�s� �t�o� �c�h�a�n�g�e� �w�h�e�n� �h�e� �r�e�c�o�u�n�t�s� �h�i�s� �r�e�m�a�r�k�s� �t�o� �W�i�l�l�e�y� �a�s� �t�h�e�y� 
�d�r�o�v�e� �p�a�s�t� �P�G�&�E ��s� �h�e�a�d�q�u�a�r�t�e�r�s�:� �"�Y�o�u�'�r�e� �t�e�l�l�i�n�g� �t�h�e�s�e� �g�u�y�s� �t�h�a�t� �t�h�e�y� �c�a�n� �d�o� �j�u�s�t� �w�h�a�t� �t�h�e�y ��r�e� �s�u�p�p�o�s�e�d� �t�o� �d�o�,� 
�a�n�d� �k�e�e�p� �o�n� �g�r�o�w�i�n�g� �j�u�s�t� �t�h�e� �w�a�y� �t�h�e�y� �w�a�n�t�,� �a�n�d� �l�o�o�k� �f�i�f�t�e�e�n� �t�o� �t�w�e�n�t�y� �p�e�r�c�e�n�t� �b�e�t�t�e�r� �o�n� �t�h�e� �b�o�t�t�o�m� �l�i�n�e� �w�h�i�l�e� 

�(�c�o�n�t�i�n�u�e�d�.�.�.�)� 
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�t�h�a�t� �t�h�e� �i�s�s�u�e� �c�o�n�f�r�o�n�t�i�n�g� �t�h�e�m� �w�a�s� �"�e�n�v�i�r�o�n�m�e�n�t�a�l� �p�r�o�t�e�c�t�i�o�n� �v�e�r�s�u�s� �e�l�e�c�t�r�i�c� �p�o�w�e�r� 

�p�r�o�d�u�c�t�i�o�n�,�"� �a�n�d� �t�h�a�t� �A�m�e�r�i�c�a� �"�c�a�n� �b�e� �d�e�s�t�r�o�y�e�d� �j�u�s�t� �a�s� �q�u�i�c�k�l�y� �b�y� �r�u�i�n�i�n�g� �i�t�s� �e�c�o�n�o�m�y� �a�s� 

�b�y� �p�o�l�l�u�t�i�n�g� �i�t�s� �e�n�v�i�r�o�n�m�e�n�t�.�"�* �� �E�v�e�n� �P�G�&�E�,� �w�h�i�c�h� �l�a�t�e�r� �g�a�i�n�e�d� �a� �r�e�p�u�t�a�t�i�o�n� �a�s� �o�n�e� �o�f� �t�h�e� 

�n�a�t�i�o�n ��s� �p�r�o�g�r�e�s�s�i�v�e� �u�t�i�l�i�t�i�e�s�,� �r�e�s�i�s�t�e�d� �t�h�e� �C�P�U�C ��s� �p�u�s�h� �t�o�w�a�r�d� �n�e�w� �e�n�e�r�g�y� �s�t�r�a�t�e�g�i�e�s�,� �a�n�d� �i�n� 

�1�9�7�9� �t�h�e� �c�o�m�p�a�n�y� �r�e�c�e�i�v�e�d� �a� �$�7�-�m�i�l�l�i�o�n� �f�i�n�e� �f�o�r� �f�a�i�l�i�n�g� �t�o� �p�u�r�s�u�e� �p�r�o�m�i�s�i�n�g� �c�o�g�e�n�e�r�a�t�i�o�n� 

�o�p�p�o�r�t�u�n�i�t�i�e�s�.�*� 

�C�o�n�c�l�u�s�i�o�n� 

�T�h�e� �l�a�t�e� �1�9�6�0�s� �a�n�d� �1�9�7�0�s� �s�a�w� �a� �r�a�d�i�c�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�m�.� �F�r�o�m� �a� 

�p�u�b�l�i�c� �e�d�u�c�a�t�i�o�n� �e�f�f�o�r�t� �a�i�m�e�d� �a�t� �s�h�o�w�i�n�g� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �a�n�d� �d�i�f�f�i�c�u�l�t�y� �o�f� �p�r�e�s�e�r�v�i�n�g� �t�h�e� 

�b�a�l�a�n�c�e� �o�f� �t�h�e� �n�a�t�u�r�a�l� �w�o�r�l�d�,� �e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�m� �b�e�c�a�m�e� �a� �m�i�l�i�t�a�n�t� �e�f�f�o�r�t� �b�a�s�e�d� �o�n� �l�e�g�a�l� 

�i�n�t�e�r�v�e�n�t�i�o�n�.� �B�u�t�t�r�e�s�s�e�d� �b�y� �i�m�p�o�r�t�a�n�t� �s�h�i�f�t�s� �i�n� �j�u�d�i�c�i�a�l� �p�h�i�l�o�s�o�p�h�y�,� �o�r�g�a�n�i�z�a�t�i�o�n�s� �s�u�c�h� �a�s� �t�h�e� 

�E�D�F� �f�o�u�g�h�t� �t�h�e� �s�t�e�r�e�o�t�y�p�e� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�t�s� �a�s� �c�r�a�c�k�p�o�t�s� �b�y� �e�n�r�o�l�l�i�n�g� �t�h�e� �s�c�i�e�n�t�i�f�i�c� 

�c�o�m�m�u�n�i�t�y�.� �A�t� �t�h�e� �s�a�m�e� �t�i�m�e�,� �t�h�e�y� �c�o�u�n�t�e�r�e�d� �p�u�b�l�i�c� �p�e�r�c�e�p�t�i�o�n�s� �o�f� �e�l�i�t�i�s�m� �b�y� �e�n�l�a�r�g�i�n�g� 

�t�h�e�i�r� �d�e�f�i�n�i�t�i�o�n� �o�f� �t�h�e� �h�u�m�a�n� �"�e�n�v�i�r�o�n�m�e�n�t�"� �t�o� �e�n�d�o�r�s�e� �"�w�o�r�l�d�l�y�"� �g�o�a�l�s� �s�u�c�h� �a�s� �l�o�w�e�r� 

�e�l�e�c�t�r�i�c�i�t�y� �b�i�l�l�s� �a�n�d� �h�i�g�h�e�r� �i�n�v�e�s�t�o�r� �r�e�t�u�r�n�s�.� �T�h�e�s�e� �p�r�a�g�m�a�t�i�c� �s�h�i�f�t�s� �g�r�e�a�t�l�y� �e�n�l�a�r�g�e�d� �t�h�e� 

�a�p�p�e�a�l� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l�i�s�m�.� �T�h�e�y� �a�l�s�o� �i�n�c�r�e�a�s�e�d� �i�t�s� �a�b�i�l�i�t�y� �t�o� �a�p�p�l�y� �s�t�r�e�s�s� �t�o� �t�h�e� �i�n�s�t�i�t�u�t�i�o�n�s� 

�i�t� �i�d�e�n�t�i�f�i�e�d� �a�s� �e�n�v�i�r�o�n�m�e�n�t�a�l� �t�r�a�n�s�g�r�e�s�s�o�r�s�,� �i�n�c�l�u�d�i�n�g� �t�h�e� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y� �i�n�d�u�s�t�r�y�.� 

� � 

 ��©�.� �.�c�o�n�t�i�n�u�e�d�)� 
�t�h�e�y ��r�e� �d�o�i�n�g� �i�t�.� �A�n�d� �w�h�e�n� �t�h�e�y� �a�s�k� �h�o�w�,� �D�r�.� �W�i�l�l�e�y� �t�e�l�l�s� �t�h�e�m� �t�h�a�t� �a�l�l� �t�h�e�y� �h�a�v�e� �t�o� �d�o� �i�s� �t�u�m� �a�r�o�u�n�d� �o�n�e�-� 
�h�u�n�d�r�e�d� �a�n�d� �e�i�g�h�t�y� �d�e�g�r�e�e�s�,� �a�n�d� �f�i�n�d� �a� �l�o�t� �o�f� �p�e�o�p�l�e� �w�h�o� �k�n�o�w� �a� �l�o�t� �a�b�o�u�t� �t�h�i�n�g�s� �l�i�k�e� �r�e�f�r�i�g�e�r�a�t�o�r� �e�f�f�i�c�i�e�n�c�i�e�s� 
�a�n�d� �c�o�g�e�n�e�r�a�t�i�o�n�,� �a�n�d� �t�h�e�n� �t�a�k�e� �t�h�a�t� �b�u�i�l�d�i�n�g� �o�v�e�r� �t�h�e�r�e� �a�n�d� �a� �f�e�w� �t�h�o�u�s�a�n�d� �o�f� �t�h�o�s�e� �c�o�a�l� �a�n�d� �n�u�c�l�e�a�r� �e�n�g�i�n�e�e�r�s� 
�s�i�t�t�i�n�g� �i�n� �i�t�,� �a�n�d� �t�h�r�o�w� �t�h�e�m� �i�n�t�o� �t�h�e� �b�a�y�.�"� �W�i�l�l�e�y� �r�e�s�p�o�n�d�s�,� �"�Y�e�a�h�,� �I� �s�u�p�p�o�s�e� �t�h�e�r�e� �a�r�e� �a� �f�e�w� �n�u�c�l�e�a�r� �d�e�s�i�g�n�e�r�s� 
�a�r�o�u�n�d� �w�h�o� �d�o�n ��t� �w�a�n�t� �t�o� �b�e� �r�e�t�r�a�i�n�e�d� �t�o� �d�o� �a�t�t�i�c� �i�n�s�u�l�a�t�i�o�n� �(�p�p�.� �8�9�-�9�0�)�.�"� 

 ��J�o�h�n� �D�o�l�i�n�g�e�r�,� �P�r�e�s�i�d�e�n�t� �o�f� �t�h�e� �N�a�t�i�o�n�a�l� �R�u�r�a�l� �E�l�e�c�t�r�i�c� �C�o�o�p�e�r�a�t�i�v�e�s� �A�s�s�o�c�i�a�t�i�o�n�,� �q�u�o�t�e�d� �i�n� �"�N�u�c�l�e�a�r� 
�d�e�v�e�l�o�p�m�e�n�t�s�,�"� �E�l�e�c�t�r�i�c�a�l� �W�o�r�l�d� �1�8�5� �(�1�5� �M�a�r�c�h� �1�9�7�6�)�,� �p�.� �8�3�.� 

 ��*�T�h�e� �i�m�p�a�c�t� �o�f� �t�h�e� �p�r�e�c�e�d�e�n�t�-�s�e�t�t�i�n�g� �f�i�n�e� �w�a�s� �d�i�l�u�t�e�d� �b�y� �i�t�s� �i�n�c�l�u�s�i�o�n� �i�n� �a� �C�P�U�C� �d�e�c�i�s�i�o�n� �g�r�a�n�t�i�n�g� �P�G�&�E� 
�r�a�t�e� �i�n�c�r�e�a�s�e�s� �t�o�t�a�l�i�n�g� �$�4�3�0� �m�i�l�l�i�o�n� �p�e�r� �y�e�a�r� �f�o�r� �e�l�e�c�t�r�i�c�i�t�y� �a�n�d� �g�a�s� �s�a�l�e�s�.� �T�o�m� �R�e�d�b�u�r�n�,� �"�U�t�i�l�i�t�y� �P�e�n�a�l�i�z�e�d� �f�o�r� 
�S�l�o�w� �A�c�t�i�o�n� �o�n� �E�n�e�r�g�y� �P�l�a�n�,�"� �T�h�e� �L�o�s� �A�n�g�e�l�e�s� �T�i�m�e�s� �(�1�9� �D�e�c�e�m�b�e�r� �1�9�7�9�)�,� �p�p�.� �I�/�1�,� �1�/�2�7�.� 
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�C�o�n�c�l�u�s�i�o�n�:� �S�e�a�r�c�h�i�n�g� �f�o�r� �N�e�w� �S�o�l�u�t�i�o�n�s� 

�I�n� �t�h�e� �l�a�t�e� �1�9�6�0�s� �a�n�d� �e�a�r�l�y� �1�9�7�0�s� �s�t�r�e�s�s� �o�n� �t�h�e� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y� �s�y�s�t�e�m� �i�n�c�r�e�a�s�e�d� 

�r�a�p�i�d�l�y�.� �T�h�e� �s�l�o�w�i�n�g� �r�a�t�e� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �i�m�p�r�o�v�e�m�e�n�t� �a�n�d� �i�n�c�r�e�a�s�i�n�g� �d�e�p�e�n�d�e�n�c�e� �o�n� �a�n� 

�i�n�c�r�e�a�s�i�n�g�l�y� �s�c�a�r�c�e� �f�u�e�l� �c�o�m�b�i�n�e�d� �w�i�t�h� �a� �p�o�w�e�r�f�u�l� �a�l�l�i�a�n�c�e� �o�f� �o�p�p�o�n�e�n�t�s� �o�f� �u�t�i�l�i�t�y� �g�r�o�w�t�h� 

�p�o�l�i�c�i�e�s� �a�n�d� �c�u�s�t�o�m�e�r�s� �d�i�s�t�r�a�u�g�h�t� �o�v�e�r� �r�i�s�i�n�g� �p�r�i�c�e�s�.� �T�h�i�s� �c�o�n�g�e�r�i�e�s� �o�f� �f�a�c�t�o�r�s� �c�a�l�l�e�d� �i�n�t�o� 

�q�u�e�s�t�i�o�n� �c�o�n�v�e�n�t�i�o�n�a�l� �a�s�s�u�m�p�t�i�o�n�s� �o�f� �h�o�w� �t�o� �m�a�n�a�g�e� �e�l�e�c�t�r�i�c�i�t�y�.� �W�h�i�l�e� �m�a�n�y� �m�a�n�a�g�e�r�s� 

�h�e�l�d� �f�a�s�t� �t�o� �t�h�e� �v�a�l�u�e�s� �a�n�d� �p�r�a�c�t�i�c�e�s� �o�f� �t�h�e� �p�a�s�t�,� �v�o�t�e�r�s� �a�n�d� �a�c�t�i�v�i�s�t�s� �p�u�s�h�e�d� �p�o�l�i�c�y�-�m�a�k�e�r�s� �t�o� 

�p�l�a�y� �a� �l�a�r�g�e�r� �r�o�l�e� �i�n� �g�u�i�d�i�n�g� �t�h�e� �n�a�t�i�o�n ��s� �e�n�e�r�g�y� �d�e�c�i�s�i�o�n�s�.� �A�n� �i�m�p�o�r�t�a�n�t� �p�a�r�t� �o�f� �t�h�i�s� �n�e�w� 

�r�o�l�e� �i�n�v�o�l�v�e�d� �s�e�e�k�i�n�g� �n�e�w� �g�e�n�e�r�a�t�i�n�g� �t�e�c�h�n�o�l�o�g�i�e�s�,� �r�a�n�g�i�n�g� �f�r�o�m� �t�h�e� �l�i�q�u�i�d� �m�e�t�a�l� �f�a�s�t� 

�b�r�e�e�d�e�r� �r�e�a�c�t�o�r� �t�o� �t�h�e� �p�h�o�t�o�v�o�l�t�a�i�c� �p�a�n�e�l�.� �"�N�e�w�"� �i�n�c�a�r�n�a�t�i�o�n�s� �o�f� �a� �v�e�r�y� �a�n�c�i�e�n�t� �t�e�c�h�n�o�l�o�g�y�,� 

�t�h�e� �w�i�n�d�m�i�l�l�,� �p�r�o�v�i�d�e�d� �a�n�o�t�h�e�r� �a�l�t�e�r�n�a�t�i�v�e�.� 

�O�n�e� �c�a�n�n�o�t� �t�e�l�l� �t�h�e� �h�i�s�t�o�r�y� �o�f� �t�w�e�n�t�i�e�t�h�-�c�e�n�t�u�r�y� �w�i�n�d�p�o�w�e�r� �b�y� �f�o�c�u�s�s�i�n�g� �e�x�c�l�u�s�i�v�e�l�y� 

�o�n� �t�h�e� �t�e�c�h�n�o�l�o�g�y� �i�t�s�e�l�f�.� �S�u�c�h� �a�n� �"�i�n�t�e�r�n�a�l�"� �a�c�c�o�u�n�t� �m�i�s�s�e�s� �a� �v�i�t�a�l� �d�i�m�e�n�s�i�o�n� �o�f� �t�h�e� �s�t�o�r�y�.� 

�R�a�t�h�e�r�,� �w�i�n�d�p�o�w�e�r� �r�o�d�e� �t�h�e� �t�i�d�e�s� �o�f� �l�a�r�g�e�r� �i�n�s�t�i�t�u�t�i�o�n�a�l� �m�o�v�e�m�e�n�t�s�,� �i�n� �p�a�r�t�i�c�u�l�a�r� �t�h�e� �t�h�r�e�e� 

�s�t�r�e�s�s�e�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�i�s� �c�h�a�p�t�e�r�.� �I�n� �e�f�f�e�c�t�,� �w�h�i�l�e� �w�i�n�d�p�o�w�e�r� �p�r�o�v�i�d�e�s� �a�n� �i�n�t�e�r�e�s�t�i�n�g� �a�n�d� 

�o�f�t�e�n� �d�r�a�m�a�t�i�c� �s�t�o�r�y�,� �i�t� �m�o�r�e� �o�f�t�e�n� �p�e�r�f�o�r�m�e�d� �a� �b�i�t� �p�a�r�t� �i�n� �a� �m�u�c�h� �l�a�r�g�e�r� �p�l�a�y�.� �D�i�f�f�e�r�e�n�t� 

�a�c�t�o�r�s� �f�r�e�q�u�e�n�t�l�y� �n�e�g�o�t�i�a�t�e�d� �i�n�t�e�n�s�e�l�y� �o�v�e�r� �t�h�e� �f�o�r�m� �w�i�n�d�p�o�w�e�r� �w�a�s� �t�o� �t�a�k�e�,� �b�u�t� �m�o�r�e� �o�f�t�e�n�,� 

�w�i�n�d�p�o�w�e�r ��s� �f�u�t�u�r�e� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �l�a�r�g�e�r� �t�e�c�t�o�n�i�c� �m�o�v�e�m�e�n�t�s� �o�f� �A�m�e�r�i�c�a�n� �o�r� �e�v�e�n� 

�g�l�o�b�a�l� �h�i�s�t�o�r�y�.� �W�i�n�d�p�o�w�e�r� �r�e�p�r�e�s�e�n�t�s� �j�u�s�t� �o�n�e� �m�a�n�i�f�e�s�t�a�t�i�o�n�s� �o�f� �t�h�e� �"�u�n�u�s�u�a�l� �s�t�r�e�s�s�e�s�"� �o�n� 

�A�m�e�r�i�c�a�n� �s�o�c�i�e�t�y�.� �I�t� �f�l�o�u�r�i�s�h�e�d� �(�a�n�d� �c�o�n�t�i�n�u�e�s� �t�o� �f�l�o�u�r�i�s�h�)� �l�a�r�g�e�l�y� �b�e�c�a�u�s�e� �o�f� �r�e�a�l�i�g�n�m�e�n�t�s� 

�o�f� �t�h�e� �p�l�a�y�e�r�s� �a�n�d� �i�n�t�e�r�e�s�t�s� �i�n� �t�h�e� �A�m�e�r�i�c�a�n� �e�n�e�r�g�y� �s�y�s�t�e�m�.� 
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�C�H�A�P�T�E�R� �T�W�O� 
�R�e�t�r�e�a�t� �a�n�d� �R�e�a�p�p�e�a�r�a�n�c�e�:� 

�W�i�n�d�p�o�w�e�r� �T�h�r�o�u�g�h� �H�i�s�t�o�r�y� 

�I�n�t�r�o�d�u�c�t�i�o�n�:� �A�n� �O�l�d� �A�n�s�w�e�r� 

�A�s� �t�h�e� �s�t�r�e�s�s�e�s� �o�f� �t�h�e� �e�a�r�l�y� �1�9�7�0�s� �m�o�u�n�t�e�d�,� �m�a�n�y� �p�a�r�t�i�c�i�p�a�n�t�s� �i�n� �t�h�e� �A�m�e�r�i�c�a�n� 

�e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y� �s�y�s�t�e�m� �c�a�s�t� �a�b�o�u�t� �f�o�r� �s�o�l�u�t�i�o�n�s� �t�o� �t�h�e� �p�r�o�b�l�e�m�s� �t�h�e�y� �p�e�r�c�e�i�v�e�d� �p�l�a�g�u�i�n�g� �t�h�e�m�.� 

�F�a�c�t�i�o�n�s� �a�d�v�o�c�a�t�e�d� �p�o�l�i�t�i�c�a�l� �a�c�t�i�v�i�s�m�,� �c�h�a�n�g�e�s� �i�n� �c�o�n�s�u�m�e�r� �b�e�h�a�v�i�o�r�,� �a�n�d� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 

�n�e�w� �s�u�p�p�l�y� �t�e�c�h�n�o�l�o�g�i�e�s�,� �a�m�o�n�g� �o�t�h�e�r� �r�e�s�p�o�n�s�e�s�.� �"�R�e�n�e�w�a�b�l�e�"� �s�o�u�r�c�e�s� �o�f� �e�n�e�r�g�y� 

�r�e�p�r�e�s�e�n�t�e�d� �a� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n�t�r�i�g�u�i�n�g� �s�o�l�u�t�i�o�n�.� �T�o� �b�o�t�h� �c�o�u�n�t�e�r�-�c�u�l�t�u�r�e� �p�e�o�p�l�e� �a�n�d� �m�a�n�y� 

�e�n�g�i�n�e�e�r�s�,� �t�h�e� �s�u�n�,� �w�i�n�d�,� �o�c�e�a�n�s� �a�n�d� �e�a�r�t�h� �s�e�e�m�e�d� �t�o� �p�r�o�m�i�s�e� �b�o�u�n�t�i�f�u�l� �c�h�e�a�p� �e�n�e�r�g�y�,� �w�h�i�l�e� 

�p�o�s�i�n�g� �f�e�w� �e�n�v�i�r�o�n�m�e�n�t�a�l� �r�i�s�k�s�.� �M�o�s�t� �o�f� �t�h�e�s�e� �t�e�c�h�n�o�l�o�g�i�e�s�,� �i�n� �p�a�r�t�i�c�u�l�a�r� �p�h�o�t�o�v�o�l�t�a�i�c�s�,� 

�r�e�q�u�i�r�e�d� �s�u�b�s�t�a�n�t�i�a�l� �b�r�e�a�k�t�h�r�o�u�g�h�s� �b�e�f�o�r�e� �p�r�a�c�t�i�c�a�l� �e�x�p�l�o�i�t�a�t�i�o�n�,� �b�u�t� �w�i�n�d�m�i�l�l�s� �h�a�d� �a� �l�o�n�g�,� 

�d�i�s�t�i�n�g�u�i�s�h�e�d� �h�i�s�t�o�r�y�,� �a�n�d� �n�e�e�d�e�d�-�-�i�t� �s�e�e�m�e�d�-�-�o�n�l�y� �a� �t�o�u�c�h� �o�f� �t�w�e�n�t�i�e�t�h�-�c�e�n�t�u�r�y� �h�i�g�h�-�t�e�c�h� 

�p�o�l�i�s�h� �t�o� �b�e�c�o�m�e� �a� �u�s�e�f�u�l� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �n�a�t�i�o�n ��s� �e�n�e�r�g�y� �m�i�x�.� 

�B�e�f�o�r�e� �t�h�e�i�r� �r�e�a�p�p�e�a�r�a�n�c�e� �i�n� �t�h�e� �t�w�e�n�t�i�e�t�h�-�c�e�n�t�u�r�y� �a�s� �e�l�e�c�t�r�i�c�i�t�y� �g�e�n�e�r�a�t�o�r�s�,� �w�i�n�d� 

�m�a�c�h�i�n�e�s� �h�a�d� �p�l�a�y�e�d� �s�i�g�n�i�f�i�c�a�n�t� �r�o�l�e�s� �i�n� �n�u�m�e�r�o�u�s� �s�o�c�i�e�t�i�e�s�.� �I�n� �e�a�c�h� �e�r�a�,� �c�e�n�t�r�a�l�i�z�e�d� 

�f�a�c�i�l�i�t�i�e�s� �s�u�c�h� �a�s� �s�t�e�a�m� �m�i�l�l�s�,� �c�e�n�t�r�a�l� �w�a�t�e�r� �s�y�s�t�e�m�s�,� �a�n�d� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�i�e�s� �c�o�m�b�i�n�e�d� 

�e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e� �w�i�t�h� �g�r�e�a�t�e�r� �d�e�p�e�n�d�a�b�i�l�i�t�y�,� �r�e�l�e�g�a�t�i�n�g� �w�i�n�d� �m�a�c�h�i�n�e�s� �t�o� �b�a�c�k� �r�o�a�d�s� �a�n�d� 

�m�u�s�e�u�m�s�.� �B�u�t� �i�n� �t�h�e� �d�e�p�t�h�s� �o�f� �t�h�e� �e�n�e�r�g�y� �c�r�i�s�i�s�,� �m�a�n�y� �p�e�o�p�l�e� �g�a�v�e� �t�h�e� �f�a�m�i�l�i�a�r� �w�i�n�d�m�i�l�l� �a� 

�s�e�c�o�n�d� �l�o�o�k�.� 

�B�y� �e�x�a�m�i�n�i�n�g� �s�e�c�o�n�d�a�r�y� �s�o�u�r�c�e�s�,� �t�h�i�s� �c�h�a�p�t�e�r� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �d�i�s�t�i�n�g�u�i�s�h�e�d� �p�e�d�i�g�r�e�e� 

�o�f� �w�i�n�d� �m�a�c�h�i�n�e�s� �a�n�d� �s�h�o�w�s� �t�h�e� �r�o�l�e� �p�l�a�y�e�d� �b�y� �w�i�n�d�m�i�l�l�s� �a�t� �s�e�l�e�c�t�e�d� �m�o�m�e�n�t�s�.� �W�h�e�r�e� 

�p�o�s�s�i�b�l�e�,� �t�h�e� �s�y�n�o�p�s�i�s� �d�e�s�c�r�i�b�e�s� �t�h�e� �t�e�c�h�n�i�c�a�l� �p�r�o�b�l�e�m�s� �c�o�n�f�r�o�n�t�i�n�g� �w�i�n�d� �i�n�n�o�v�a�t�o�r�s�,� �a�n�d� �t�h�e� 

�s�o�l�u�t�i�o�n�s� �t�h�e�y� �d�e�v�i�s�e�d�.� �B�e�c�a�u�s�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� �m�o�d�e�r�n� �w�i�n�d�p�o�w�e�r� �r�e�q�u�i�r�e�s� �u�n�d�e�r�s�t�a�n�d�i�n�g� 

�t�h�e� �m�a�n�a�g�e�m�e�n�t� �c�u�l�t�u�r�e� �a�n�d� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y� �i�n�d�u�s�t�r�y�,� �t�h�i�s� �c�h�a�p�t�e�r� �a�l�s�o� 

�e�x�p�o�s�e�s� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �A�m�e�r�i�c�a�n� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y� �s�y�s�t�e�m�.� 
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�P�A�R�T� �I�:� �E�a�r�l�y� �E�x�p�l�o�i�t�a�t�i�o�n� 

�T�o�d�a�y ��s� �w�i�n�d�-�d�r�i�v�e�n� �e�l�e�c�t�r�i�c�i�t�y� �g�e�n�e�r�a�t�o�r�s� �b�e�l�o�n�g� �t�o� �t�h�e� �f�a�m�i�l�y� �o�f� �t�u�r�b�i�n�e�s�,� �m�a�c�h�i�n�e�s� 

�t�h�a�t� �c�o�n�v�e�r�t� �t�h�e� �e�n�e�r�g�y� �o�f� �s�t�e�a�m�,� �w�a�t�e�r� �o�r� �a�i�r� �a�s� �i�t� �s�t�r�i�k�e�s� �b�l�a�d�e�s� �o�r� �s�a�i�l�s� �m�o�u�n�t�e�d� �o�n� �a� 

�w�h�e�e�l�.� �M�o�s�t� �p�e�o�p�l�e�,� �h�o�w�e�v�e�r�,� �r�e�f�e�r� �t�o� �a�n�y� �s�p�i�n�n�i�n�g� �w�i�n�d� �m�a�c�h�i�n�e� �a�s� �a� �w�i�n�d�m�i�l�l�.� �I�n�d�e�e�d�,� 

�f�o�r� �c�e�n�t�u�r�i�e�s� �m�i�l�l�e�r�s� �u�s�e�d� �w�i�n�d�p�o�w�e�r� �t�o� �g�r�i�n�d� �g�r�a�i�n�.� �B�u�t� �i�n�n�o�v�a�t�o�r�s� �o�f�t�e�n� �s�e�t� �w�i�n�d� �m�a�c�h�i�n�e�s� 

�t�o� �o�t�h�e�r� �t�a�s�k�s�.� �M�o�d�e�r�n� �w�i�n�d� �d�e�v�i�c�e�s� �w�h�i�c�h� �p�r�o�d�u�c�e� �a�l�t�e�r�n�a�t�i�n�g� �e�l�e�c�t�r�i�c� �c�u�r�r�e�n�t� �f�o�r� �u�s�e� �b�y� 

�u�t�i�l�i�t�i�e�s� �b�e�a�r� �m�a�n�y� �n�a�m�e�s�,� �i�n�c�l�u�d�i�n�g� �w�i�n�d� �t�u�r�b�i�n�e� �g�e�n�e�r�a�t�o�r�s� �(�W�T�G�)�,� �w�i�n�d� �e�n�e�r�g�y� 

�c�o�n�v�e�r�s�i�o�n� �s�y�s�t�e�m�s� �(�W�E�C�S�)� �a�n�d� �v�e�r�t�i�c�a�l�-� �o�r� �h�o�r�i�z�o�n�t�a�l�-�a�x�i�s�'� �w�i�n�d� �t�u�r�b�i�n�e�s� �(�V�A�W�T� �a�n�d� 

�H�A�W�T�)�.� �S�t�i�l�l�,� �m�a�n�y� �p�e�o�p�l�e� �i�m�p�r�e�c�i�s�e�l�y� �l�a�b�e�l� �t�h�e�m� �a�l�l� �w�i�n�d�m�i�l�l�s�,� �a� �f�i�t�t�i�n�g� �t�r�i�b�u�t�e� �t�o� �t�h�e� 

�o�r�i�g�i�n�a�l� �a�i�m� �o�f� �h�u�m�a�n� �e�x�p�l�o�i�t�a�t�i�o�n� �o�f� �t�h�e� �w�i�n�d�.� 

�M�i�l�l�e�r�s� �p�r�o�b�a�b�l�y� �f�i�r�s�t� �e�x�p�l�o�i�t�e�d� �w�i�n�d� �e�n�e�r�g�y� �t�o� �g�r�i�n�d� �g�r�a�i�n� �i�n�t�o� �f�l�o�u�r� �i�n� �t�e�n�t�h�-�c�e�n�t�u�r�y� 

�S�e�i�s�t�a�n�,� �a� �d�r�y�,� �s�a�n�d�y� �r�e�g�i�o�n� �n�e�a�r� �p�r�e�s�e�n�t�-�d�a�y� �I�r�a�n� �a�n�d� �A�f�g�h�a�n�i�s�t�a�n�.� �T�h�e� �s�t�r�o�n�g� �w�i�n�d�s�,� 

�w�h�i�c�h� �b�l�o�w� �f�r�o�m� �o�n�e� �d�i�r�e�c�t�i�o�n� �d�u�r�i�n�g� �l�o�n�g� �p�e�r�i�o�d�s� �e�a�c�h� �y�e�a�r�,� �p�o�w�e�r�e�d� �g�r�i�s�t�m�i�l�l�s� �r�e�s�e�m�b�l�i�n�g� 

�m�o�d�e�r�n� �m�e�r�r�y�-�g�o�-�r�o�u�n�d�s�.� �E�n�c�i�r�c�l�i�n�g� �w�a�l�l�s� �d�i�r�e�c�t�e�d� �t�h�e� �w�i�n�d� �t�h�r�o�u�g�h� �a� �c�h�u�t�e� �o�n�t�o� �c�l�o�t�h� 

�s�a�i�l�s�.� �T�h�e� �f�l�a�t� �r�o�t�o�r� �s�p�u�n� �a�b�o�u�t� �a� �v�e�r�t�i�c�a�l� �a�x�l�e�,� �w�h�i�c�h� �p�r�o�j�e�c�t�e�d� �t�h�r�o�u�g�h� �t�h�e� �c�e�i�l�i�n�g� �t�o� �t�h�e� 

�m�i�l�l�h�o�u�s�e� �a�b�o�v�e�.� �T�h�e�r�e�,� �a� �c�r�o�s�s�b�a�r� �d�r�o�v�e� �g�r�i�n�d�s�t�o�n�e�s� �a�r�o�u�n�d� �a� �c�i�r�c�l�e�.� �L�a�t�e�r� �S�e�i�s�t�a�n�i� �m�i�l�l�s� 

�s�i�t�u�a�t�e�d� �t�h�e� �s�a�i�l�s� �a�b�o�v�e� �t�h�e� �g�r�i�n�d�s�t�o�n�e�s�,� �s�h�o�w�i�n�g� �e�a�r�l�y� �m�i�l�l�e�r�s �� �a�w�a�r�e�n�e�s�s� �o�f� �s�t�r�o�n�g�e�r� �w�i�n�d�s� 

�a�t� �g�r�e�a�t�e�r� �h�e�i�g�h�t�s� �o�f�f� �t�h�e� �g�r�o�u�n�d�.� �F�r�o�m� �S�e�i�s�t�a�n�,� �w�i�n�d�m�i�l�l� �t�e�c�h�n�o�l�o�g�y� �s�p�r�e�a�d� �e�a�s�t� �t�o� �C�h�i�n�a�,� 

�w�h�e�r�e� �s�a�i�l�m�a�k�e�r�s� �e�n�h�a�n�c�e�d� �t�h�e� �c�o�n�c�e�p�t� �w�i�t�h� �n�a�u�t�i�c�a�l� �r�i�g�g�i�n�g� �t�e�c�h�n�i�q�u�e�s�. �� 

� � 

�'�I�n� �m�o�d�e�r�n� �t�e�r�m�i�n�o�l�o�g�y�,� �h�o�r�i�z�o�n�t�a�l�-�a�x�i�s� �m�a�c�h�i�n�e�s� �"�f�l�y�"� �a� �r�o�t�o�r� �o�n� �a� �s�h�a�f�t� �p�a�r�a�l�l�e�l� �t�o� �t�h�e� �g�r�o�u�n�d�;� �v�e�r�t�i�c�a�l�-�a�x�i�s� 
�m�a�c�h�i�n�e�s� �f�e�a�t�u�r�e� �a�n� �u�p�r�i�g�h�t� �s�h�a�f�t�.� �O�l�d�e�r� �a�c�c�o�u�n�t�s� �u�s�e� �t�h�e� �o�p�p�o�s�i�t�e� �t�e�r�m�i�n�o�l�o�g�y�,� �t�a�k�i�n�g� �t�h�e� �p�l�a�n�e� �o�f� �r�o�t�a�t�i�o�n� �a�s� 
�t�h�e� �p�o�i�n�t� �o�f� �r�e�f�e�r�e�n�c�e�.� �T�h�i�s� �d�i�s�s�e�r�t�a�t�i�o�n� �f�o�l�l�o�w�s� �m�o�d�e�r�n� �u�s�a�g�e�,� �e�v�e�n� �w�h�e�r�e� �a�n�a�c�h�r�o�n�i�s�t�i�c�.� 

�*�V�o�l�t�a� �T�o�r�r�e�y�,� �W�i�n�d�-�C�a�t�c�h�e�r�s�:� �A�m�e�r�i�c�a�n� �W�i�n�d�m�i�l�l�s� �o�f� �Y�e�s�t�e�r�d�a�y� �a�n�d� �T�o�m�o�r�r�o�w� �(�B�r�a�t�t�l�e�b�o�r�o�,� �V�T�:� �T�h�e� 
�S�t�e�p�h�e�n� �G�r�e�e�n�e� �P�r�e�s�s�,� �1�9�7�6�)�,� �p�p�.� �1�7�-�1�8�;� �W�a�l�t�e�r� �M�i�n�c�h�i�n�t�o�n�,� �"�W�i�n�d� �P�o�w�e�r�,�"� �H�i�s�t�o�r�y� �T�o�d�a�y� �3�0� �(�M�a�r�c�h� �1�9�8�0�)�,� �p�.� 
�3�2�;� �D�a�v�i�d� �I�n�g�l�i�s�,� �W�i�n�d� �P�o�w�e�r� �a�n�d� �O�t�h�e�r� �E�n�e�r�g�y� �O�p�t�i�o�n�s� �(�A�n�n� �A�r�b�o�r�,� �M�I�:� �T�h�e� �U�n�i�v�e�r�s�i�t�y� �o�f� �M�i�c�h�i�g�a�n� �P�r�e�s�s�)�,� �p�.� 
�3�.� 

�*�J�o�s�e�p�h� �N�e�e�d�h�a�m�,� �S�c�i�e�n�c�e� �a�n�d� �C�i�v�i�l�i�s�a�t�i�o�n� �i�n� �C�h�i�n�a�;� �V�o�l�u�m�e� �I�V�:� �P�h�y�s�i�c�s� �a�n�d� �P�h�y�s�i�c�a�l� �T�e�c�h�n�o�l�o�g�y�;� �P�a�r�t� �2�:� 
�M�e�c�h�a�n�i�c�a�l� �E�n�g�i�n�e�e�r�i�n�g� �(�C�a�m�b�r�i�d�g�e�:� �C�a�m�b�r�i�d�g�e� �U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�,� �1�9�6�5�)�,� �p�p�.� �5�5�6�-�5�5�8�,� �5�6�6�.� 

�3�2



�M�o�s�t� �a�u�t�h�o�r�s� �c�a�l�l� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �w�i�n�d�m�i�l�l� �a� �E�u�r�o�p�e�a�n� �d�e�v�i�c�e�.� �M�i�n�c�h�i�n�t�o�n�,� �i�n� �a� �b�r�i�e�f� 

�o�v�e�r�v�i�e�w� �o�f� �w�i�n�d� �h�i�s�t�o�r�y�,� �a�c�k�n�o�w�l�e�d�g�e�s� �t�h�e� �l�e�g�e�n�d� �t�h�a�t� �t�h�e� �f�i�r�s�t� �C�r�u�s�a�d�e�r�s� �t�r�i�c�k�l�i�n�g� �b�a�c�k� 

�f�r�o�m� �t�h�e� �H�o�l�y� �L�a�n�d� �i�n� �t�h�e� �e�l�e�v�e�n�t�h� �c�e�n�t�u�r�y� �b�r�o�u�g�h�t� �w�i�n�d�m�i�l�l� �t�e�c�h�n�o�l�o�g�y� �w�i�t�h� �t�h�e�m�,� �a�l�o�n�g� 

�w�i�t�h� �o�t�h�e�r� �M�u�s�l�i�m� �c�u�r�i�o�s�i�t�i�e�s� �a�s� �s�u�g�a�r� �a�n�d� �t�h�e� �s�t�i�r�r�u�p�.� �B�u�t� �h�e� �o�b�s�e�r�v�e�s� �t�h�a�t� �d�e�s�p�i�t�e� 

�c�i�r�c�u�m�s�t�a�n�t�i�a�l� �e�v�i�d�e�n�c�e�,� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �E�u�r�o�p�e�a�n� �m�a�c�h�i�n�e� �r�e�s�e�m�b�l�e�s� �w�a�t�e�r� �w�h�e�e�l�s� �m�o�r�e� �t�h�a�n� 

�v�e�r�t�i�c�a�l� �S�e�i�s�t�a�n�i� �w�i�n�d�m�i�l�l�s�.� �H�e� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �t�h�e� �"�s�u�d�d�e�n� �a�p�p�e�a�r�a�n�c�e� �o�f� �w�i�n�d�m�i�l�l�s� �i�n� 

�F�r�a�n�c�e� �a�n�d� �E�n�g�l�a�n�d� �r�e�m�a�i�n�s� �a� �m�y�s�t�e�r�y�.�"� �T�o�r�r�e�y�,� �i�n� �o�n�e� �o�f� �t�h�e� �b�e�t�t�e�r� �w�i�n�d� �"�p�o�p�u�l�a�r�i�z�a�t�i�o�n�"� 

�b�o�o�k�s� �o�f� �t�h�e� �1�9�7�0�s�,� �p�o�i�n�t�s� �o�u�t� �l�o�g�i�c�a�l�l�y� �t�h�a�t� �S�e�i�s�t�a�n� �l�i�e�s� �o�f�f� �t�h�e� �C�r�u�s�a�d�e�r�s �� �m�a�i�n� �r�o�u�t�e�.� 

�W�h�i�t�e ��s� �c�l�a�s�s�i�c� �s�u�r�v�e�y� �o�f� �m�e�d�i�e�v�a�l� �t�e�c�h�n�o�l�o�g�y� �l�i�s�t�s� �r�e�f�e�r�e�n�c�e�s� �t�o� �L�i�n�c�o�l�n�s�h�i�r�e� �w�i�n�d�m�i�l�l�s� �a�s� 

�e�a�r�l�y� �a�s� �1�1�7�0�,� �a�n�d� �c�a�l�l�s� �t�h�e� �E�u�r�o�p�e�a�n� �m�a�c�h�i�n�e� �"�a� �s�e�p�a�r�a�t�e� �a�n�d� �.�.�.�f�a�r� �m�o�r�e� �e�f�f�e�c�t�i�v�e� 

�i�n�v�e�n�t�i�o�n�.�"� �G�i�m�p�e�l�,� �i�n� �h�i�s� �o�w�n� �w�e�l�l�-�k�n�o�w�n� �w�o�r�k� �o�n� �m�e�d�i�e�v�a�l� �t�e�c�h�n�o�l�o�g�y�,� �a�s�s�e�r�t�s� �t�h�a�t� �t�h�e� 

�E�u�r�o�p�e�a�n� �w�i�n�d�m�i�l�l� �"�o�w�e�s� �n�o� �d�e�b�t�"� �t�o� �v�e�r�t�i�c�a�l� �m�a�c�h�i�n�e�s�.�*� �N�e�e�d�h�a�m�,� �i�n� �h�i�s� �e�n�c�y�c�l�o�p�e�d�i�c� 

�s�t�u�d�y� �o�f� �s�c�i�e�n�c�e� �a�n�d� �t�e�c�h�n�o�l�o�g�y� �i�n� �C�h�i�n�a�,� �c�a�l�l�s� �t�h�e� �m�e�d�i�e�v�a�l� �E�u�r�o�p�e�a�n� �w�i�n�d�m�i�l�l� �"�a� �d�i�s�t�i�n�c�t� 

�a�d�v�a�n�c�e� �o�n� �a�n�y� �o�t�h�e�r� �f�o�r�m�"� �b�e�c�a�u�s�e� �t�h�e� �w�h�o�l�e� �a�r�e�a� �o�f� �t�h�e� �r�o�t�o�r� �s�u�r�f�a�c�e� �r�e�c�e�i�v�e�d� �t�h�e� �w�i�n�d�,� 

�i�n� �c�o�n�t�r�a�s�t� �t�o� �S�e�i�s�t�a�n�i� �m�i�l�l�s� �i�n� �w�h�i�c�h� �e�a�c�h� �s�a�i�l� �m�o�v�e�d� �a�g�a�i�n�s�t� �t�h�e� �w�i�n�d� �f�o�r� �h�a�l�f� �i�t�s� 

�r�e�v�o�l�u�t�i�o�n�.� �W�h�i�l�e� �E�u�r�o�p�e�a�n�s� �p�r�o�b�a�b�l�y� �r�e�c�e�i�v�e�d� �s�o�m�e� �s�t�i�m�u�l�u�s� �f�r�o�m� �t�h�e� �e�a�s�t�,� �N�e�e�d�h�a�m� 

�h�y�p�o�t�h�e�s�i�z�e�s� �t�h�a�t� �t�h�i�s� �m�i�g�h�t� �h�a�v�e� �b�e�e�n� �s�i�m�p�l�y� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �t�h�a�t� �"�o�v�e�r� �t�h�e�r�e� �p�e�o�p�l�e� �f�o�u�n�d� 

�w�i�n�d�-�w�h�e�e�l�s� �p�o�s�s�i�b�l�e� �a�n�d� �u�s�e�f�u�l�.�"�°� 

�W�h�a�t�e�v�e�r� �t�h�e� �w�i�n�d�m�i�l�l ��s� �o�r�i�g�i�n�,� �E�u�r�o�p�e�a�n�s� �r�a�p�i�d�l�y� �a�d�o�p�t�e�d� �t�h�e� �c�o�n�c�e�p�t�.� �B�r�a�u�d�e�l�,� �i�n� 

�h�i�s� �w�i�d�e� �s�u�r�v�e�y� �o�f� �"�e�v�e�r�y�d�a�y� �l�i�f�e�"� �i�n� �t�h�e� �m�e�d�i�e�v�a�l� �w�o�r�l�d�,� �s�e�e�s� �t�h�e� �i�n�c�r�e�a�s�i�n�g� �p�o�p�u�l�a�r�i�t�y� �o�f� 

�w�i�n�d�m�i�l�l�s� �a�s� �"�a� �s�t�a�n�d�a�r�d� �m�e�a�s�u�r�e� �o�f� �t�h�e� �e�n�e�r�g�y� �s�u�p�p�l�y� �i�n� �p�r�e�-�i�n�d�u�s�t�r�i�a�l� �E�u�r�o�p�e�,�"� �a�n�d� 

�e�v�i�d�e�n�c�e� �o�f� �s�l�o�w�l�y� �b�u�i�l�d�i�n�g� �d�e�m�o�g�r�a�p�h�i�c� �p�r�e�s�s�u�r�e� �t�h�a�t� �e�v�e�n�t�u�a�l�l�y� �a�l�l�o�w�e�d� �t�h�e� �b�i�r�t�h� �o�f� 

�m�o�d�e�r�n� �c�a�p�i�t�a�l�i�s�m�.� �W�h�i�t�e� �i�n�t�e�r�p�r�e�t�s� �w�i�n�d�m�i�l�l�s� �a�s� �s�y�m�b�o�l�s� �o�f� �e�q�u�a�l�l�y� �i�m�p�o�r�t�a�n�t� �c�h�a�n�g�e�s� �i�n� 

�t�h�e� �h�u�m�a�n� �s�p�i�r�i�t� �a�n�d� �w�o�r�l�d�v�i�e�w�.� �H�e� �a�r�g�u�e�s� �t�h�a�t� �m�u�l�t�i�p�l�y�i�n�g� �w�i�n�d�m�i�l�l�s�,� �l�i�k�e� �g�r�o�w�i�n�g� �i�n�t�e�r�e�s�t� 

� � 

 ��M�i�n�c�h�i�n�t�o�n�,� �"�W�i�n�d� �P�o�w�e�r�,�"� �p�.� �3�3�;� �L�y�n�n� �W�h�i�t�e�,� �J�r�.�,� �"�D�y�n�a�m�o� �a�n�d� �V�i�r�g�i�n� �R�e�c�o�n�s�i�d�e�r�e�d�"� �i�n� �D�y�n�a�m�o� �a�n�d� 
�V�i�r�g�i�n� �R�e�c�o�n�s�i�d�e�r�e�d�:� �E�s�s�a�y�s� �i�n� �t�h�e� �D�y�n�a�m�i�s�m� �o�f� �W�e�s�t�e�r�n� �C�u�l�t�u�r�e� �(�C�a�m�b�r�i�d�g�e�,� �M�A�:� �T�h�e� �M�I�T� �P�r�e�s�s�,� �1�9�6�8�)�,� �p�.� 
�6�7�;� �W�h�i�t�e�,� �M�e�d�i�e�v�a�l� �T�e�c�h�n�o�l�o�g�y� �a�n�d� �S�o�c�i�a�l� �C�h�a�n�g�e� �(�L�o�n�d�o�n�:� �O�x�f�o�r�d� �U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�,� �1�9�6�2�)�,� �p�p�.� �8�7�-�8�8�,� �1�6�2�;� 
�R�.�J�.� �d�e� �L�i�t�t�l�e�,� �T�h�e� �W�i�n�d�m�i�l�l�:� �y�e�s�t�e�r�d�a�y� �a�n�d� �t�o�d�a�y� �(�L�o�n�d�o�n�:� �J�o�h�n� �B�a�k�e�r�,� �L�t�d�.�,� �1�9�7�2�)�,� �p�.� �9�;� �J�e�a�n� �G�i�m�p�e�l�,� �T�h�e� 
�M�e�d�i�e�v�a�l� �M�a�c�h�i�n�e�:� �T�h�e� �I�n�d�u�s�t�r�i�a�l� �R�e�v�o�l�u�t�i�o�n� �o�f� �t�h�e� �M�i�d�d�l�e� �A�g�e�s� �(�L�o�n�d�o�n�:� �P�e�n�g�u�i�n� �B�o�o�k�s�,� �1�9�7�6�)�,� �p�p�.� �2�4�-�2�5�.� 

 ��N�e�e�d�h�a�m�,� �S�c�i�e�n�c�e� �a�n�d� �C�i�v�i�l�i�s�a�t�i�o�n�,� �p�p�.� �5�6�4�-�5�6�5�,� �5�6�7�.� 

�3�3



�i�n� �p�e�r�p�e�t�u�a�l� �m�o�t�i�o�n� �m�a�c�h�i�n�e�s�,� �m�a�g�n�e�t�i�s�m� �a�n�d� �f�a�l�l�i�n�g� �o�b�j�e�c�t�s�,� �s�h�o�w� �m�e�d�i�e�v�a�l� �E�u�r�o�p�e ��s� 

�e�m�e�r�g�i�n�g� �v�i�e�w� �o�f� �"�t�h�e� �c�o�s�m�o�s� �a�s� �a� �v�a�s�t� �r�e�s�e�r�v�o�i�r� �o�f� �e�n�e�r�g�i�e�s� �t�o� �b�e� �t�a�p�p�e�d� �a�n�d� �u�s�e�d� 

�a�c�c�o�r�d�i�n�g� �t�o� �h�u�m�a�n� �i�n�t�e�n�t�i�o�n�s�.�"�°� 

�E�u�r�o�p�e�a�n� �w�i�n�d�m�i�l�l�s�:� �i�n�n�o�v�a�t�i�o�n� �a�n�d� �p�r�o�s�p�e�r�i�t�y� 

�T�h�e� �h�e�a�v�y� �g�u�s�t�s� �o�f� �N�o�r�t�h�e�r�n� �E�u�r�o�p�e� �e�v�o�k�e�d� �a� �n�e�w� �t�e�c�h�n�o�l�o�g�y�,� �t�h�e� �p�o�s�t� �m�i�l�l�.� �T�h�e�s�e� 

�s�q�u�a�t� �h�o�u�s�e�-�l�i�k�e� �s�t�r�u�c�t�u�r�e�s� �f�e�a�t�u�r�e�d� �a� �r�o�t�o�r� �w�i�t�h� �w�o�o�d�e�n� �s�a�i�l�s� �o�n� �a� �h�o�r�i�z�o�n�t�a�l� �a�x�i�s� �t�i�l�t�e�d� 

�s�l�i�g�h�t�l�y� �u�p� �i�n�t�o� �t�h�e� �w�i�n�d� �t�o� �a�c�c�o�u�n�t� �f�o�r� �"�w�i�n�d� �s�h�e�a�r�, �� �t�h�e� �t�e�n�d�e�n�c�y� �o�f� �t�h�e� �w�i�n�d� �t�o� �b�l�o�w� �a�t� �a� 

�s�l�i�g�h�t� �a�n�g�l�e� �t�o�w�a�r�d� �t�h�e� �g�r�o�u�n�d�.� �T�o� �a�v�o�i�d� �a� �"�w�i�n�d� �s�h�a�d�o�w�"� �c�a�s�t� �b�y� �t�h�e� �m�i�l�l� �h�o�u�s�i�n�g� �o�n� �t�h�e� 

�r�o�t�o�r�,� �p�o�s�t� �m�i�l�l�s� �f�l�e�w� �"�u�p�w�i�n�d�"� �r�o�t�o�r�s�,� �w�h�i�c�h� �f�a�c�e�d� �i�n�t�o� �t�h�e� �w�i�n�d�.� �T�h�i�s� �o�r�i�e�n�t�a�t�i�o�n� �r�e�q�u�i�r�e�d� 

�m�i�l�l�e�r�s� �p�h�y�s�i�c�a�l�l�y� �t�o� �t�u�r�n� �t�h�e� �m�i�l�l� �h�o�u�s�i�n�g�,� �w�h�i�c�h� �b�a�l�a�n�c�e�d� �o�n� �a� �c�e�n�t�e�r� �p�i�l�i�n�g�,� �w�h�e�n�e�v�e�r� �t�h�e� 

�w�i�n�d� �c�h�a�n�g�e�d�.� �U�n�l�i�k�e� �d�i�r�e�c�t�-�d�r�i�v�e� �v�e�r�t�i�c�a�l�-�a�x�i�s� �m�i�l�l�s�,� �p�o�s�t� �m�i�l�l�s� �i�n�c�o�r�p�o�r�a�t�e�d� �w�o�o�d�e�n� �c�o�g�-� 

�a�n�d�-�r�i�n�g� �g�e�a�r�w�h�e�e�l�s� �t�o� �t�r�a�n�s�f�e�r� �f�o�r�c�e� �f�r�o�m� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �w�i�n�d�s�h�a�f�t� �t�o� �t�h�e� �s�t�o�n�e�s�. �� 

�O�n�e� �e�x�t�r�e�m�e�l�y� �i�m�p�o�r�t�a�n�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �v�e�r�t�i�c�a�l�-� �a�n�d� �h�o�r�i�z�o�n�t�a�l�-�a�x�i�s� �m�a�c�h�i�n�e�s� 

�r�e�c�e�i�v�e�s� �s�c�a�n�t� �a�t�t�e�n�t�i�o�n�.� �I�n� �m�o�d�e�r�n� �t�e�r�m�s�,� �e�a�r�l�y� �v�e�r�t�i�c�a�l�-�a�x�i�s� �w�i�n�d�m�i�l�l�s� �r�e�p�r�e�s�e�n�t�e�d� �"�d�r�a�g�"� 

�d�e�v�i�c�e�s�.� �T�h�e� �w�i�n�d� �p�u�s�h�e�d� �t�h�e� �s�a�i�l�s� �a�r�o�u�n�d� �t�h�e�i�r� �a�x�i�s�,� �a�n�d� �w�i�n�d�s�p�e�e�d� �p�r�o�v�i�d�e�d� �a�n� �u�p�p�e�r� 

�l�i�m�i�t� �o�n� �s�p�e�e�d� �o�f� �r�o�t�a�t�i�o�n�.� �B�y� �c�o�n�t�r�a�s�t�,� �h�o�r�i�z�o�n�t�a�l�-�a�x�i�s� �m�i�l�l�s� �u�s�e�d� �t�h�e� �p�r�i�n�c�i�p�l�e� �o�f� �"�l�i�f�t�,�"� �i�n� 

�w�h�i�c�h� �t�h�e� �p�a�s�s�a�g�e� �o�f� �a�i�r� �o�v�e�r� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �s�a�i�l� �p�r�o�v�i�d�e�s� �a� �f�o�r�c�e� �p�e�r�p�e�n�d�i�c�u�l�a�r� �t�o� �t�h�e� 

�w�i�n�d�,� �c�a�u�s�i�n�g� �t�h�e� �r�o�t�o�r� �t�o� �t�u�r�n� �a�t� �s�p�e�e�d�s� �t�h�a�t� �m�a�y� �e�x�c�e�e�d� �t�h�e� �w�i�n�d�s�p�e�e�d�.� �L�i�f�t�,� �w�h�i�c�h� �c�a�u�s�e�s� 

�a�i�r�p�l�a�n�e�s� �t�o� �r�i�s�e� �a�s� �t�h�e�i�r� �w�i�n�g�s� �c�u�t� �t�h�r�o�u�g�h� �t�h�e� �a�i�r�,� �r�e�m�a�i�n�s� �d�i�f�f�i�c�u�l�t� �t�o� �e�x�p�l�a�i�n� �i�n� �i�n�t�u�i�t�i�v�e� 

�t�e�r�m�s�.� �S�h�e�p�h�a�r�d�,� �i�n� �a� �w�e�l�l�-�r�e�s�e�a�r�c�h�e�d� �b�u�t� �n�a�r�r�o�w� �e�s�s�a�y� �p�u�b�l�i�s�h�e�d� �i�n� �a� �h�a�n�d�b�o�o�k� �f�o�r� �w�i�n�d� 

�e�n�g�i�n�e�e�r�s�,� �o�b�s�e�r�v�e�s� �t�h�a�t� �e�v�e�n� �i�n� �t�h�e� �n�i�n�e�t�e�e�n�t�h� �c�e�n�t�u�r�y�,� �w�r�i�t�e�r�s� �i�n�c�o�r�r�e�c�t�l�y� �d�e�s�c�r�i�b�e�d� �t�h�e� 

�p�h�e�n�o�m�e�n�o�n� �o�f� �l�i�f�t� �i�n� �t�e�r�m�s� �o�f� �d�r�a�g�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �i�n� �t�h�i�s� �c�a�s�e� �t�h�e�o�r�y� �l�a�g�g�e�d� �b�e�h�i�n�d� 

�i�n�n�o�v�a�t�i�o�n� �b�y� �m�a�n�y� �c�e�n�t�u�r�i�e�s�.�*� 

� � 

�*�F�e�r�n�a�n�d� �B�r�a�u�d�e�l�,� �T�h�e� �S�t�r�u�c�t�u�r�e�s� �o�f� �E�v�e�r�y�d�a�y� �L�i�f�e�:� �T�h�e� �L�i�m�i�t�s� �o�f� �t�h�e� �P�o�s�s�i�b�l�e�,� �t�r�a�n�s�.� �S�i�a�n� �R�e�y�n�o�l�d�s� �(�N�e�w� 
�Y�o�r�k�:� �H�a�r�p�e�r� �&� �R�o�w�,� �1�9�7�9�)�,� �p�.� �3�5�7�;� �W�h�i�t�e�,� �M�e�d�i�e�v�a�l� �T�e�c�h�n�o�l�o�g�y�,� �p�.� �1�3�4�.� 

 ��T�o�r�r�e�y�,� �W�i�n�d� �C�a�t�c�h�e�r�s�,� �p�p�.� �1�9�-�2�0�,� �3�5�-�3�7�;� �d�e� �L�i�t�t�l�e�,� �Y�e�s�t�e�r�d�a�y� �a�n�d� �T�o�d�a�y�,� �p�p�.� �1�2�-�1�8�.� 

 ��D�e�n�n�i�s� �G�.� �S�h�e�p�h�a�r�d�,� �"�H�i�s�t�o�r�i�c�a�l� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �W�i�n�d�m�i�l�l�"� �i�n� �D�a�v�i�d� �A�.� �S�p�e�r�a�,� �W�i�n�d� �T�u�r�b�i�n�e� 
�T�e�c�h�n�o�l�o�g�y�:� �F�u�n�d�a�m�e�n�t�a�l� �C�o�n�c�e�p�t�s� �o�f� �W�i�n�d� �T�u�r�b�i�n�e� �E�n�g�i�n�e�e�r�i�n�g� �(�N�e�w� �Y�o�r�k�:� �A�M�S�E� �P�r�e�s�s�,� �1�9�9�4�)�,� �p�.� �1�5�.� 
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�O�v�e�r� �t�h�e� �c�e�n�t�u�r�i�e�s�,� �m�i�l�l�e�r�s� �a�n�d� �b�u�i�l�d�e�r�s� �i�n�t�r�o�d�u�c�e�d� �m�a�n�y� �i�n�n�o�v�a�t�i�o�n�s�.� �T�o� �r�e�a�c�h� 

�s�t�r�o�n�g�e�r� �w�i�n�d�s�,� �t�h�e�y� �m�o�u�n�t�e�d� �t�h�e�i�r� �m�a�c�h�i�n�e�s� �o�n� �w�o�o�d�e�n� �t�o�w�e�r�s�;� �t�h�e� �"�s�m�o�c�k� �m�i�l�l�"� �t�o�o�k� �i�t�s� 

�n�a�m�e� �f�r�o�m� �t�h�e� �r�e�s�e�m�b�l�a�n�c�e� �o�f� �i�t�s� �s�q�u�a�t� �w�o�o�d�e�n� �t�o�w�e�r� �t�o� �t�h�e� �p�r�o�f�i�l�e� �o�f� �a� �f�l�a�r�i�n�g� �p�e�a�s�a�n�t� 

�s�m�o�c�k�.� �T�o� �c�a�p�t�u�r�e� �s�h�i�f�t�i�n�g� �w�i�n�d�s�,� �m�i�l�l�e�r�s� �u�s�e�d� �r�o�p�e�s� �t�o� �t�u�r�n� �t�h�e� �u�p�p�e�r� �c�a�p�,� �w�h�i�c�h� �c�o�n�t�a�i�n�e�d� 

�t�h�e� �r�o�t�o�r�,� �r�a�t�h�e�r� �t�h�a�n� �t�h�e� �e�n�t�i�r�e� �s�t�r�u�c�t�u�r�e�.� �L�a�t�e�r�,� �t�o� �i�n�c�r�e�a�s�e� �s�t�r�e�n�g�t�h� �a�n�d� �h�e�i�g�h�t� �(�u�p� �t�o� �1�2�2� 

�f�e�e�t�!�)�,� �a�n�d� �t�o� �r�e�s�i�s�t� �f�i�r�e� �a�n�d� �r�o�t�,� �b�u�i�l�d�e�r�s� �u�s�e�d� �b�r�i�c�k� �a�n�d� �s�t�o�n�e�.� �M�e�t�a�l� �g�e�a�r�s� �a�n�d� �w�h�e�e�l�s� 

�r�e�p�l�a�c�e�d� �m�a�c�h�i�n�e�r�y� �c�a�r�v�e�d� �f�r�o�m� �h�a�r�d� �w�o�o�d�s� �s�u�c�h� �a�s� �a�p�p�l�e�,� �h�o�r�n�b�e�a�m� �a�n�d� �h�o�l�l�y�;� �t�h�e� �n�o�i�s�y� 

�n�e�w� �w�o�r�k�s� �c�o�s�t� �m�o�r�e�,� �b�u�t� �l�a�s�t�e�d� �l�o�n�g�e�r�. �� 

�M�i�l�l�e�r�s� �p�a�i�d� �c�l�o�s�e� �a�t�t�e�n�t�i�o�n� �t�o� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �t�h�e� �w�i�n�d�.� �A� �t�a�i�l� �w�i�n�d� �c�o�u�l�d� �d�e�s�t�r�o�y� �a� 

�p�o�s�t� �o�r� �s�m�o�c�k� �m�i�l�l� �i�n� �s�e�c�o�n�d�s�.� �T�o� �g�u�a�r�d� �a�g�a�i�n�s�t� �t�h�i�s� �t�h�r�e�a�t�,� �a�n�d� �t�o� �t�a�k�e� �m�a�x�i�m�u�m� 

�a�d�v�a�n�t�a�g�e� �o�f� �l�e�s�s� �s�e�v�e�r�e� �v�a�r�i�a�t�i�o�n�s� �i�n� �w�i�n�d� �d�i�r�e�c�t�i�o�n�,� �E�d�m�u�n�d� �L�e�e�,� �a�n� �E�n�g�l�i�s�h� �b�l�a�c�k�s�m�i�t�h�,� 

�i�n�t�r�o�d�u�c�e�d� �t�h�e� �f�a�n�t�a�i�l� �i�n� �1�7�4�5�.� �L�e�e� �p�l�a�c�e�d� �a� �s�m�a�l�l� �r�o�t�o�r� �o�n� �a� �s�l�e�n�d�e�r� �s�p�a�r� �b�e�h�i�n�d� �t�h�e� �m�i�l�l�,� 

�w�i�t�h� �i�t�s� �a�x�i�s� �p�e�r�p�e�n�d�i�c�u�l�a�r� �t�o� �t�h�a�t� �o�f� �t�h�e� �m�a�i�n� �r�o�t�o�r�.� �W�h�e�n� �t�h�e� �m�a�i�n� �r�o�t�o�r� �f�a�c�e�d� �d�i�r�e�c�t�l�y� �i�n�t�o� 

�t�h�e� �w�i�n�d�,� �t�h�e� �f�a�n�t�a�i�l� �r�e�m�a�i�n�e�d� �s�t�i�l�l�.� �S�l�i�g�h�t� �c�h�a�n�g�e�s� �i�n� �t�h�e� �w�i�n�d� �r�o�t�a�t�e�d� �t�h�e� �f�a�n�t�a�i�l� �s�l�i�g�h�t�l�y�;� 

�i�t�s� �l�o�w� �g�e�a�r�i�n�g� �p�u�l�l�e�d� �a� �r�o�p�e� �t�h�a�t� �t�u�r�n�e�d� �t�h�e� �h�o�u�s�i�n�g� �b�a�c�k� �i�n�t�o� �t�h�e� �w�i�n�d�.� �A�l�t�h�o�u�g�h� �f�a�n�t�a�i�l�s� 

�p�r�o�t�e�c�t�e�d� �m�i�l�l�s� �f�r�o�m� �t�a�i�l�w�i�n�d�s�,� �m�i�l�l�e�r�s� �d�i�s�l�i�k�e�d� �c�l�i�m�b�i�n�g� �o�u�t� �o�n�t�o� �t�h�e� �s�u�p�p�o�r�t� �s�t�r�u�t� �t�o� 

�l�u�b�r�i�c�a�t�e� �t�h�e� �w�h�e�e�l� �a�s� �t�h�e� �h�o�u�s�i�n�g� �t�r�e�m�b�l�e�d� �f�r�o�m� �t�h�e� �m�o�t�i�o�n� �o�f� �t�h�e� �m�a�i�n� �r�o�t�o�r�.�!�°� 

�B�r�a�k�i�n�g� �p�r�o�v�i�d�e�d� �a�n�o�t�h�e�r� �p�r�o�b�l�e�m�.� �M�i�l�l�e�r�s� �c�o�u�l�d� �n�o�t� �e�a�s�i�l�y� �s�l�o�w� �o�r� �s�t�o�p� �t�h�e�i�r� �m�i�l�l�s�,� 

�a�d�d�i�n�g� �t�o� �t�h�e� �d�a�n�g�e�r� �o�f� �s�e�r�v�i�c�i�n�g� �t�h�e� �m�a�c�h�i�n�e�.� �W�o�r�s�e�,� �q�u�e�r�n�s� �r�u�b�b�i�n�g� �t�o�g�e�t�h�e�r� �w�i�t�h�o�u�t� 

�g�r�a�i�n� �t�o� �g�r�i�n�d� �m�i�g�h�t� �t�h�r�o�w� �a� �s�p�a�r�k� �i�n�t�o� �t�h�e� �c�h�a�f�f�;� �f�i�r�e� �c�o�u�l�d� �d�e�s�t�r�o�y� �a� �w�o�o�d�e�n� �m�i�l�l� �a�s� 

�r�a�p�i�d�l�y� �a�s� �a� �t�a�i�l�w�i�n�d�.� �T�o� �s�l�o�w� �t�h�e� �r�o�t�o�r�,� �s�o�m�e� �m�i�l�l�e�r�s� �t�h�r�e�w� �s�a�n�d� �i�n�t�o� �t�h�e� �w�o�r�k�s�,� �a�n�d� 

�L�e�o�n�a�r�d�o� �d�a� �V�i�n�c�i ��s� �n�o�t�e�b�o�o�k�s� �i�n�c�l�u�d�e�d� �i�m�a�g�i�n�a�r�y� �b�r�a�k�i�n�g� �s�c�h�e�m�e�s�,� �b�u�t� �f�o�r� �c�e�n�t�u�r�i�e�s� 

�m�i�l�l�e�r�s� �s�t�o�p�p�e�d� �t�h�e�i�r� �m�i�l�l�s� �b�y� �p�h�y�s�i�c�a�l�l�y� �q�u�a�r�t�e�r�-�t�u�r�n�i�n�g� �t�h�e�m� �i�n�t�o� �t�h�e� �w�i�n�d�.� 

� � 

�°�T�o�r�r�e�y�,� �W�i�n�d�-�C�a�t�c�h�e�r�s�,� �p�p�.� �5�8�;� �d�e� �L�i�t�t�l�e�,� �Y�e�s�t�e�r�d�a�y� �a�n�d� �T�o�d�a�y�,� �p�p�.� �1�9�-�2�8�.� 

�N�e� �L�i�t�t�l�e�,� �Y�e�s�t�e�r�d�a�y� �a�n�d� �T�o�d�a�y�,� �p�p�.� �3�7�-�4�1�;� �M�i�n�c�h�i�n�t�o�n�,� �"�W�i�n�d� �P�o�w�e�r�,�"� �p�.� �3�4�.� 

�3�5



�E�x�p�e�r�i�m�e�n�t�e�r�s� �f�o�u�n�d� �a� �s�o�l�u�t�i�o�n� �i�n� �f�e�e�d�b�a�c�k� �d�e�v�i�c�e�s�.� �I�n� �1�7�7�2�,� �A�n�d�r�e�w� �M�e�i�c�k�l�e�,� �a� 

�S�c�o�t�,� �f�i�t�t�e�d� �w�i�n�d�m�i�l�l� �s�a�i�l�s� �w�i�t�h� �s�p�r�i�n�g�-�l�o�a�d�e�d� �s�h�u�t�t�e�r�s� �s�i�m�i�l�a�r� �t�o� �m�o�d�e�r�n� �V�e�n�e�t�i�a�n� �b�l�i�n�d�s�.� 

�S�t�r�o�n�g� �w�i�n�d�s� �f�o�r�c�e�d� �o�p�e�n� �t�h�e� �s�h�u�t�t�e�r�s�,� �t�h�u�s� �r�e�d�u�c�i�n�g� �t�h�e� �s�a�i�l�s �� �s�u�r�f�a�c�e� �a�r�e�a� �a�n�d� �s�l�o�w�i�n�g� �t�h�e� 

�r�o�t�a�t�i�o�n�.� �L�a�t�e�r� �f�e�e�d�b�a�c�k� �s�y�s�t�e�m�s� �i�n�c�o�r�p�o�r�a�t�e�d� �"�f�l�y�-�b�a�l�l� �g�o�v�e�r�n�o�r�s�"� �l�i�k�e� �t�h�o�s�e� �t�h�a�t� �r�e�g�u�l�a�t�e�d� 

�t�h�e� �s�p�e�e�d� �o�f� �s�t�e�a�m� �e�n�g�i�n�e�s�.� �T�h�i�s� �d�e�v�i�c�e� �p�l�a�c�e�d� �t�w�o� �s�p�h�e�r�i�c�a�l� �w�e�i�g�h�t�s� �d�i�a�m�e�t�r�i�c�a�l�l�y� �a�c�r�o�s�s� 

�f�r�o�m� �e�a�c�h� �o�t�h�e�r� �o�n� �t�h�e� �m�a�i�n� �s�h�a�f�t�,� �n�e�a�r� �t�h�e� �r�o�t�o�r ��s� �h�u�b�.� �A�s� �r�o�t�a�t�i�o�n� �i�n�c�r�e�a�s�e�d�,� �c�e�n�t�r�i�f�u�g�a�l� 

�f�o�r�c�e� �s�e�p�a�r�a�t�e�d� �t�h�e� �b�a�l�l�s�,� �a�c�t�i�v�a�t�i�n�g� �a� �b�r�a�k�i�n�g� �m�e�c�h�a�n�i�s�m�,� �s�u�c�h� �a�s� �o�p�e�n�i�n�g� �t�h�e� �s�h�u�t�t�e�r�s� �o�r� 

�c�h�a�n�g�i�n�g� �t�h�e� �p�i�t�c�h� �o�f� �t�h�e� �b�l�a�d�e�s�.�"�!� 

�I�n� �t�h�e� �A�g�e� �o�f� �R�e�a�s�o�n�,� �e�x�p�e�r�i�m�e�n�t�e�r�s� �q�u�a�n�t�i�f�i�e�d� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �m�a�n�y� �t�e�c�h�n�o�l�o�g�i�e�s�,� 

�i�n�c�l�u�d�i�n�g� �t�h�e� �w�i�n�d�m�i�l�l�.� �I�n� �1�7�5�9�,� �J�o�h�n� �S�m�e�a�t�o�n� �o�f� �Y�o�r�k�s�h�i�r�e� �p�u�b�l�i�s�h�e�d� �a�n� �i�n�f�l�u�e�n�t�i�a�l� �s�t�u�d�y� 

�o�f� �"�T�h�e� �N�a�t�u�r�a�l� �P�o�w�e�r�s� �o�f� �W�i�n�d� �a�n�d� �W�a�t�e�r� �t�o� �T�u�r�n� �M�i�l�l�s�.�"� �H�e� �r�e�p�o�r�t�e�d� �t�h�e� �v�e�l�o�c�i�t�y� �o�f� �t�h�e� 

�t�i�p� �o�f� �a� �w�i�n�d�m�i�l�l ��s� �s�a�i�l� �a�s� �a�l�m�o�s�t� �d�i�r�e�c�t�l�y� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �w�i�n�d�,� �t�h�e� 

�m�a�x�i�m�u�m� �l�o�a�d� �o�n� �t�h�e� �s�a�i�l� �a�s� �a�l�m�o�s�t� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� �s�q�u�a�r�e� �o�f� �t�h�e� �w�i�n�d ��s� �s�p�e�e�d�,� �a�n�d� �t�h�e� 

�m�a�x�i�m�u�m� �p�o�w�e�r� �a�s� �n�e�a�r�l�y� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� �c�u�b�e� �o�f� �t�h�e� �w�i�n�d ��s� �s�p�e�e�d�.� �T�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� 

�l�a�t�e�r� �a�w�a�r�d�e�d� �S�m�e�a�t�o�n� �a� �m�e�d�a�l� �f�o�r� �h�i�s� �d�e�m�o�n�s�t�r�a�t�i�o�n� �t�h�a�t� �h�o�r�i�z�o�n�t�a�l�-�a�x�i�s� �w�i�n�d� �m�a�c�h�i�n�e�s� 

�c�o�n�v�e�r�t�e�d� �e�n�e�r�g�y� �m�o�r�e� �e�f�f�i�c�i�e�n�t�l�y� �t�h�a�n� �t�h�e� �v�e�r�t�i�c�a�l�-�a�x�i�s� �v�a�r�i�e�t�y�.�'�*� 

�A� �s�o�c�i�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� �t�e�c�h�n�o�l�o�g�y� 

�E�u�r�o�p�e�a�n�s� �u�s�e�d� �w�i�n�d� �m�a�c�h�i�n�e�s� �t�o� �g�r�i�n�d� �g�r�a�i�n� �i�n� �a�r�e�a�s� �l�a�c�k�i�n�g� �s�i�t�e�s� �f�o�r� �w�a�t�e�r�m�i�l�l�s�.� 

�I�n�n�o�v�a�t�o�r�s� �f�o�u�n�d� �o�t�h�e�r� �u�s�e�s�,� �h�o�w�e�v�e�r�.� �I�n� �H�o�l�l�a�n�d�,� �a� �f�l�a�t� �w�i�n�d�y� �c�o�u�n�t�r�y� �w�i�t�h� �f�e�w� �o�t�h�e�r� 

�r�e�s�o�u�r�c�e�s�,� �w�i�n�d� �"�m�i�l�l�s�"� �g�r�o�u�n�d� �s�n�u�f�f�,� �s�p�i�c�e�s�,� �l�i�m�e� �a�n�d� �c�h�a�l�k�,� �s�a�w�e�d� �w�o�o�d�,� �a�n�d� �p�u�m�p�e�d� 

�w�a�t�e�r� �f�r�o�m� �w�e�l�l�s�.� �M�o�s�t� �f�a�m�o�u�s�l�y�,� �D�u�t�c�h� �i�n�v�e�n�t�o�r� �J�a�n� �A�d�r�i�a�e�n�s�z�o�o�n� �g�a�i�n�e�d� �t�h�e� �s�o�b�r�i�q�u�e�t� 

�"�E�m�p�t�y� �W�a�t�e�r �� �i�n� �t�h�e� �e�a�r�l�y� �s�e�v�e�n�t�e�e�n�t�h� �c�e�n�t�u�r�y� �b�y� �d�r�a�i�n�i�n�g� �t�h�e� �c�o�u�n�t�r�y ��s� �n�u�m�e�r�o�u�s� �f�e�n�s� 

�w�i�t�h� �p�o�r�t�a�b�l�e� �p�o�s�t� �m�i�l�l�s�.� �T�h�e�s�e� �m�a�c�h�i�n�e�s� �d�r�o�v�e� �l�o�n�g� �a�u�g�e�r�s� �t�h�a�t� �l�i�f�t�e�d� �w�a�t�e�r� �t�h�r�o�u�g�h� �h�o�l�l�o�w� 

� � 

�D�e� �L�i�t�t�l�e�,� �Y�e�s�t�e�r�d�a�y� �a�n�d� �T�o�d�a�y�,� �p�p�.� �3�0�-�3�4�;� �M�i�n�c�h�i�n�t�o�n�,� �"�W�i�n�d� �P�o�w�e�r�,�"� �p�.� �3�4�.� 

�"�T�o�r�r�e�y�,� �W�i�n�d�-�C�a�t�c�h�e�r�s�,� �p�.� �6�0�;� �M�i�n�c�h�i�n�t�o�n�,� �"�W�i�n�d� �P�o�w�e�r�,�"� �p�.� �3�4�;� �L�o�u�i�s� �C�.� �H�u�n�t�e�r�,� �4� �H�i�s�t�o�r�y� �o�f� �I�n�d�u�s�t�r�i�a�l� 
�P�o�w�e�r� �i�n� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�,� �1�7�8�0�-�1�9�3�0�;� �V�o�l�u�m�e� �O�n�e�:� �W�a�t�e�r�p�o�w�e�r� �i�n� �t�h�e� �C�e�n�t�u�r�y� �o�f� �t�h�e� �S�t�e�a�m� �E�n�g�i�n�e� 
�(�C�h�a�r�l�o�t�t�e�s�v�i�l�l�e�,� �V�A�:� �U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s� �o�f� �V�i�r�g�i�n�i�a�,� �1�9�7�9�)�,� �p�.� �9�3�.� 

�3�6



�t�u�b�e�s� �o�r� �b�u�c�k�e�t� �c�h�a�i�n�s� �t�o� �l�i�f�t� �s�e�a�w�a�t�e�r� �i�n�t�o� �r�i�v�e�r�s� �a�n�d� �c�a�n�a�l�s�,� �w�h�i�c�h� �c�a�r�r�i�e�d� �i�t� �d�o�w�n� �t�o� �t�h�e� 

�s�e�a�;� �d�i�k�e�s� �p�r�o�t�e�c�t�e�d� �t�h�e� �r�e�c�l�a�i�m�e�d� �l�a�n�d�.�"�*� 

�W�i�n�d�m�i�l�l�s� �a�n�d� �w�a�t�e�r�m�i�l�l�s� �o�f�t�e�n� �c�o�e�x�i�s�t�e�d�,� �a�n�d� �o�c�c�a�s�i�o�n�a�l�l�y� �c�o�m�p�e�t�e�d�.� �A�s� �e�a�r�l�y� �a�s� 

�1�1�9�1�,� �t�h�e� �A�b�b�o�t� �o�f� �a�n� �E�n�g�l�i�s�h� �m�o�n�a�s�t�e�r�y� �o�r�d�e�r�e�d� �a� �w�i�n�d�m�i�l�l� �t�o�r�n� �d�o�w�n� �i�n� �o�r�d�e�r� �t�o� �p�r�o�t�e�c�t� 

�t�h�e� �f�e�e�s� �h�e� �e�a�r�n�e�d� �o�n� �g�r�a�i�n� �g�r�o�u�n�d� �a�t� �l�o�c�a�l� �w�a�t�e�r�m�i�l�l�s�.� �B�u�t� �w�i�n�d�m�i�l�l�s� �n�e�v�e�r� �m�a�t�c�h�e�d� �t�h�e� 

�s�u�c�c�e�s�s� �o�f� �w�a�t�e�r�m�i�l�l�s�,� �n�o�r� �d�i�d� �t�h�e�y� �j�o�i�n� �w�a�t�e�r�m�i�l�l�s� �i�n� �m�a�k�i�n�g� �t�h�e� �t�r�a�n�s�i�t�i�o�n� �f�r�o�m� �v�i�l�l�a�g�e� �t�o� 

�f�a�c�t�o�r�y� �u�s�e�.� �R�i�v�e�r�s� �r�i�s�e� �a�n�d� �e�b�b� �w�i�t�h� �t�h�e� �s�e�a�s�o�n�s�,� �b�u�t� �t�h�e�y� �f�l�o�w� �p�r�e�d�i�c�t�a�b�l�y� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� 

�w�i�n�d�,� �w�h�i�c�h� �m�a�y� �v�a�r�y� �f�r�o�m� �h�o�u�r� �t�o� �h�o�u�r�-�-�a�n�d� �r�i�v�e�r�s� �a�l�w�a�y�s� �f�l�o�w� �i�n� �t�h�e� �s�a�m�e� �d�i�r�e�c�t�i�o�n�.� 

�E�i�g�h�t�e�e�n�t�h�-�c�e�n�t�u�r�y� �i�n�d�u�s�t�r�i�a�l�i�s�t�s� �p�u�r�s�u�i�n�g� �e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e� �i�n� �e�v�e�r�-�l�a�r�g�e�r� �p�r�o�d�u�c�t�i�o�n� 

�f�a�c�i�l�i�t�i�e�s�,� �n�o�t�a�b�l�y� �i�n� �N�e�w� �E�n�g�l�a�n�d�,� �f�o�u�n�d� �t�h�a�t� �a� �l�i�n�e� �o�f� �w�a�t�e�r� �w�h�e�e�l�s� �s�p�a�n�n�i�n�g� �a� �r�i�v�e�r� �o�n� �a� 

�s�i�n�g�l�e� �s�h�a�f�t� �c�o�u�l�d� �p�o�w�e�r� �a� �l�a�r�g�e� �p�l�a�n�t�,� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �m�a�c�h�i�n�e�s� �c�o�n�n�e�c�t�e�d� �t�o� �t�h�e� �c�e�n�t�r�a�l� �s�h�a�f�t� 

�b�y� �o�i�l�e�d� �l�e�a�t�h�e�r� �b�e�l�t�s�.� �H�u�n�t�e�r ��s� �s�u�r�v�e�y� �o�f� �i�n�d�u�s�t�r�i�a�l� �p�o�w�e�r� �i�n� �e�a�r�l�y� �A�m�e�r�i�c�a� �s�u�g�g�e�s�t�s� �t�h�a�t� 

�m�i�l�l�e�r�s� �w�r�a�n�g�l�i�n�g� �w�i�t�h� �u�p�s�t�r�e�a�m� �u�s�e�r�s� �o�v�e�r� �w�a�t�e�r� �r�i�g�h�t�s� �u�s�e�d� �w�i�n�d�m�i�l�l�s� �a�s� �a� �s�o�u�r�c�e� �o�f� 

�b�a�c�k�u�p� �p�o�w�e�r�.� �B�u�t� �t�h�e� �w�i�n�d�m�i�l�l�,� �w�h�i�c�h� �m�u�s�t� �b�e� �r�e�o�r�i�e�n�t�e�d� �i�n�t�o� �s�h�i�f�t�i�n�g� �w�i�n�d�s�,� �p�r�o�v�e�d� �l�e�s�s� 

�a�d�a�p�t�a�b�l�e� �t�o� �t�h�e� �f�a�c�t�o�r�i�e�s� �o�f� �t�h�e� �I�n�d�u�s�t�r�i�a�l� �R�e�v�o�l�u�t�i�o�n�.� 

�N�e�v�e�r�t�h�e�l�e�s�s�,� �w�i�n�d�m�i�l�l�s� �p�r�o�l�i�f�e�r�a�t�e�d� �f�o�r� �c�e�n�t�u�r�i�e�s�.� �H�o�l�l�a�n�d� �u�s�e�d� �b�e�t�w�e�e�n� �6�0�0�0� �a�n�d� 

�8�0�0�0� �w�i�n�d�m�i�l�l�s� �i�n� �1�7�5�0�,� �a�n�d� �9�0�0�0� �b�y� �t�h�e� �m�i�d�d�l�e� �o�f� �t�h�e� �n�e�x�t� �c�e�n�t�u�r�y�,� �b�u�t� �o�n�l�y� �2�5�0�0� �b�y� 

�1�9�0�0�,� �a�f�t�e�r� �t�h�e� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �s�t�e�a�m�-�p�o�w�e�r�e�d� �m�i�l�l�s�.� �E�n�g�l�i�s�h� �m�i�l�l�e�r�s� �m�a�y� �h�a�v�e� �o�p�e�r�a�t�e�d� 

�1�0�,�0�0�0� �w�i�n�d�m�i�l�l�s� �i�n� �1�8�4�0�,� �w�h�i�l�e� �G�e�r�m�a�n�y� �b�o�a�s�t�e�d� �1�8�,�2�3�2� �w�i�n�d�m�i�l�l�s� �i�n� �1�8�9�5�,� �a�n�d� �1�7�,�0�0�0� �i�n� 

�1�9�0�7�.� �A�s� �m�a�n�y� �a�s� �2�0�0�,�0�0�0� �"�G�e�r�m�a�n� �g�r�i�n�d�e�r�s�"� �m�a�y� �h�a�v�e� �t�u�r�n�e�d� �i�n� �p�r�e�-�R�e�v�o�l�u�t�i�o�n�a�r�y� 

�R�u�s�s�i�a�.� �T�h�r�o�u�g�h�o�u�t� �E�u�r�o�p�e�,� �t�h�o�u�s�a�n�d�s� �o�f� �m�i�l�l�e�r�s� �e�n�j�o�y�e�d� �h�i�g�h� �s�t�a�t�u�s�.� �O�f�t�e�n�,� �t�h�e�i�r� �f�e�l�l�o�w� 

�c�i�t�i�z�e�n�s� �a�d�d�r�e�s�s�e�d� �t�h�e�m� �a�s�  ��M�a�s�t�e�r�, �� �a�n�d� �l�o�c�a�l� �g�o�v�e�r�n�m�e�n�t�s� �e�x�c�u�s�e�d� �t�h�e�m� �f�r�o�m� �m�i�l�i�t�a�r�y� 

�s�e�r�v�i�c�e�.� �T�o�r�r�e�y� �t�e�l�l�s� �u�s� �t�h�a�t� �w�i�n�d�m�i�l�l�s� �"�m�i�g�h�t� �s�e�r�v�e� �a� �t�h�o�u�s�a�n�d� �p�e�r�s�o�n�s�,� �a�n�d� �i�t�s� �o�p�e�r�a�t�o�r� �w�a�s� 

� � 

�T�o�r�r�e�y�,� �W�i�n�d�-�C�a�t�c�h�e�r�s�,� �p�p�.� �4�6�-�4�9�.� 

�B�r�a�u�d�e�l�,� �E�v�e�r�y�d�a�y� �L�i�f�e�,� �p�.� �3�5�4�;� �T�o�r�r�e�y�,� �W�i�n�d�-�C�a�t�c�h�e�r�s�,� �p�.� �1�9�;� �H�u�n�t�e�r�,� �I�n�d�u�s�t�r�i�a�l� �P�o�w�e�r�,� �p�.� �1�5�7�.� 
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�a� �m�i�d�d�l�e�m�a�n� �b�e�t�w�e�e�n� �t�h�e�m� �a�n�d� �n�a�t�u�r�e�,� �a� �p�r�i�v�a�t�e� �c�i�t�i�z�e�n� �p�e�r�f�o�r�m�i�n�g� �a� �p�u�b�l�i�c� �s�e�r�v�i�c�e�.�"� �I�n� 

�s�h�o�r�t�,� �w�i�n�d�m�i�l�l�s� �f�o�r�m�e�d� �a� �c�o�m�m�o�n� �e�l�e�m�e�n�t� �o�f� �t�h�e� �p�r�e�-�t�w�e�n�t�i�e�t�h�-�c�e�n�t�u�r�y� �l�a�n�d�s�c�a�p�e�.� �'�°� 

�D�e� �L�i�t�t�l�e�,� �i�n� �a� �s�m�a�l�l� �a�n�t�i�q�u�a�r�i�a�n� �v�o�l�u�m�e� �o�n� �t�h�e� �r�e�s�t�o�r�a�t�i�o�n� �o�f� �B�r�i�t�i�s�h� �m�i�l�l�s�,� �a�s�s�e�r�t�s� 

�t�h�a�t� �t�h�e� �"�a�b�s�o�l�u�t�e� �p�i�n�n�a�c�l�e� �o�f� �[�w�i�n�d�m�i�l�l�]� �d�e�s�i�g�n� �w�a�s� �p�r�o�b�a�b�l�y� �r�e�a�c�h�e�d� �i�n� �E�n�g�l�a�n�d�"� �j�u�s�t� �a�s� 

�s�t�e�a�m�-�d�r�i�v�e�n� �r�o�l�l�e�r� �m�i�l�l�s� �g�a�i�n�e�d� �p�o�p�u�l�a�r�i�t�y� �i�n� �t�h�e� �1�8�4�0�s�.� �R�e�l�i�a�n�t� �o�n� �a� �l�e�s�s� �c�a�p�r�i�c�i�o�u�s� �f�u�e�l� 

�a�n�d� �m�o�r�e� �f�l�e�x�i�b�l�e� �w�i�t�h� �r�e�g�a�r�d� �t�o� �s�i�t�i�n�g�,� �t�h�e� �n�e�w� �m�i�l�l�s� �a�l�s�o� �p�r�o�d�u�c�e�d� �w�h�i�t�e� �f�l�o�u�r� �t�h�a�t� 

�p�r�e�v�i�o�u�s�l�y� �o�n�l�y� �t�h�e� �v�e�r�y� �r�i�c�h� �c�o�u�l�d� �a�f�f�o�r�d�.� �B�y� �1�8�9�5�,� �a�s� �f�a�r�m�e�r�s� �c�a�m�e� �t�o� �r�e�l�y� �o�n� �t�h�e� 

�c�h�e�a�p�e�r�,� �c�e�n�t�r�a�l�l�y�-�l�o�c�a�t�e�d� �s�t�e�a�m�-�m�i�l�l�s�,� �B�r�i�t�i�s�h� �w�i�n�d�m�i�l�l�s� �h�a�d� �s�t�a�r�t�e�d� �t�o� �d�i�s�a�p�p�e�a�r�.� �T�h�e�i�r� 

�d�e�m�i�s�e� �h�a�s�t�e�n�e�d� �a�f�t�e�r� �W�o�r�l�d� �W�a�r� �I�,� �a�l�t�h�o�u�g�h� �t�h�e�y� �p�e�r�s�i�s�t�e�d� �u�n�t�i�l� �t�h�e� �m�i�d�-�t�w�e�n�t�i�e�t�h� �c�e�n�t�u�r�y� 

�i�n� �t�h�e� �d�e�v�e�l�o�p�i�n�g� �w�o�r�l�d�.� �I�n� �A�m�e�r�i�c�a�,� �h�o�w�e�v�e�r�,� �a� �n�e�w� �k�i�n�d� �o�f� �w�i�n�d� �m�a�c�h�i�n�e� �e�m�e�r�g�e�d� �t�o� 

�p�l�a�y� �a� �n�o�t�a�b�l�e� �h�i�s�t�o�r�i�c�a�l� �r�o�l�e�.�'�®� 

�P�A�R�T� �I�I�:� �A�n�c�i�e�n�t� �T�e�c�h�n�o�l�o�g�y� �i�n� �t�h�e� �N�e�w� �W�o�r�l�d� 

�C�o�l�o�n�i�s�t�s� �o�f� �e�a�c�h� �n�a�t�i�o�n� �i�n�v�a�d�i�n�g� �t�h�e� �N�e�w� �W�o�r�l�d� �b�u�i�l�t� �w�i�n�d�m�i�l�l�s�.� �T�h�e� �S�p�a�n�i�s�h� �m�a�y� 

�h�a�v�e� �e�r�e�c�t�e�d� �w�i�n�d�-�d�r�i�v�e�n� �p�u�m�p�s� �o�n� �t�h�e� �Y�u�c�a�t�a�n� �p�e�n�i�n�s�u�l�a� �i�n� �t�h�e� �l�a�t�e� �1�5�0�0�s�.� �G�o�v�e�r�n�o�r� 

�G�e�o�r�g�e� �Y�a�r�d�l�e�y� �o�f� �V�i�r�g�i�n�i�a� �p�r�o�b�a�b�l�y� �b�u�i�l�t� �t�h�e� �f�i�r�s�t� �w�i�n�d�m�i�l�l� �i�n� �w�h�a�t� �b�e�c�a�m�e� �t�h�e� �U�n�i�t�e�d� 

�S�t�a�t�e�s� �i�n� �1�6�2�0�.� �B�y� �t�h�e� �l�a�t�e� �s�e�v�e�n�t�e�e�n�t�h� �c�e�n�t�u�r�y�,� �D�a�n�e�s� �a�r�r�i�v�i�n�g� �i�n� �t�h�e� �V�i�r�g�i�n� �I�s�l�a�n�d�s� �w�i�t�h� 

�A�f�r�i�c�a�n� �s�l�a�v�e�s� �t�o� �g�r�o�w� �s�u�g�a�r� �e�r�e�c�t�e�d� �w�i�n�d�m�i�l�l�s� �t�o� �g�r�i�n�d� �i�t�.� �W�i�n�d�m�i�l�l�s� �f�o�l�l�o�w�e�d� �F�r�e�n�c�h� 

�s�e�t�t�l�e�r�s� �d�o�w�n� �t�h�e� �S�t�.� �L�a�w�r�e�n�c�e� �R�i�v�e�r�,� �t�o� �t�h�e� �c�i�t�i�e�s� �o�f� �D�e�t�r�o�i�t� �a�n�d� �S�t�.� �L�o�u�i�s�,� �a�n�d� �i�n� �t�h�e� 

�e�i�g�h�t�e�e�n�t�h� �c�e�n�t�u�r�y� �t�h�e�y� �a�p�p�e�a�r�e�d� �i�n� �t�h�e� �M�i�s�s�i�s�s�i�p�p�i� �R�i�v�e�r� �d�e�l�t�a�.� �D�u�t�c�h� �w�i�n�d�m�i�l�l�s� �l�i�n�e�d� �N�e�w� 

�A�m�s�t�e�r�d�a�m ��s� �B�r�o�a�d�w�a�y�,� �b�u�t� �N�a�t�i�v�e� �A�m�e�r�i�c�a�n�s� �b�u�r�n�e�d� �s�o�m�e� �D�u�t�c�h� �m�a�c�h�i�n�e�s� �f�u�r�t�h�e�r� �u�p� �t�h�e� 

�H�u�d�s�o�n� �R�i�v�e�r�.� �P�a�t�r�i�o�t�i�c� �E�n�g�l�i�s�h� �s�e�t�t�l�e�r�s� �o�n� �n�e�a�r�b�y� �L�o�n�g� �I�s�l�a�n�d� �b�u�i�l�t� �t�h�e�i�r� �o�w�n� �m�i�l�l�s� �a�n�d� 

� � 

�'�S�M�i�n�c�h�i�n�t�o�n�,� �"�W�i�n�d� �P�o�w�e�r�,�"� �p�.� �3�5�;� �T�o�r�r�e�y�,� �W�i�n�d�-�C�a�t�c�h�e�r�s�,� �p�p�.� �4�2�-�4�3�;� �F�r�a�n�k� �R�.� �E�l�d�r�i�d�g�e�,� �W�i�n�d� �M�a�c�h�i�n�e�s�,� 
�2�n�d� �e�d�i�t�i�o�n� �(�N�e�w� �Y�o�r�k�:� �V�a�n� �N�o�s�t�r�a�n�d� �R�e�i�n�h�o�l�d� �C�o�m�p�a�n�y�,� �1�9�8�0�)�,� �p�.� �1�9�;� �Y�e�.� �M�.� �F�a�t�e�y�e�v�,� �"�W�i�n�d� �P�o�w�e�r� 
�I�n�s�t�a�l�l�a�t�i�o�n�s�:� �P�r�e�s�e�n�t� �C�o�n�d�i�t�i�o�n�s� �a�n�d� �P�o�s�s�i�b�l�e� �L�i�n�e�s� �o�f� �D�e�v�e�l�o�p�m�e�n�t�, �� �t�r�a�n�s�.�:� �o�r�i�g�i�n�a�l� �R�u�s�s�i�a�n� �1�9�5�9�,� �N�A�S�A� �f�i�c�h�e� 
�N�7�5�-�2�1�7�9�6� �(�1�9�7�5�)�,� �p�.� �i�i�i�.� �H�u�n�t�e�r� �g�i�v�e�s� �d�i�f�f�e�r�e�n�t� �d�a�t�a� �i�n� �I�n�d�u�s�t�r�i�a�l� �P�o�w�e�r�,� �m�e�n�t�i�o�n�i�n�g� �5�,�0�0�0� �E�n�g�l�i�s�h� �w�i�n�d�m�i�l�l�s� 
�"�a�s� �l�a�t�e� �a�s� �1�8�2�0�,�"� �8�,�7�0�0� �F�r�e�n�c�h� �w�i�n�d�m�i�l�l�s� �i�n� �1�8�4�7�,� �a�n�d� �1�6�,�2�0�0� �G�e�r�m�a�n� �g�r�i�s�t�m�i�l�l�s� �i�n� �1�8�7�5� �(�p�.� �4�4�)�.� 

�D�e� �L�i�t�t�l�e�,� �Y�e�s�t�e�r�d�a�y� �a�n�d� �T�o�d�a�y�,� �p�p�.� �9�-�1�0�;� �M�i�n�c�h�i�n�t�o�n�,� �"�W�i�n�d� �P�o�w�e�r�,�"� �p�.� �3�5�;� �B�r�a�u�d�e�l�,� �E�v�e�r�y�d�a�y� �L�i�f�e�,� �p�.� 
�1�3�7�;� �N�e�e�d�h�a�m�,� �S�c�i�e�n�c�e� �a�n�d� �C�i�v�i�l�i�s�a�t�i�o�n�,� �p�.� �5�6�0�.� �F�o�r� �a� �r�e�c�e�n�t� �t�r�e�a�t�m�e�n�t� �o�f� �t�h�e� �d�e�m�i�s�e� �o�f� �i�n�d�u�s�t�r�i�a�l� �w�i�n�d�p�o�w�e�r�,� 

�s�e�e� �R�i�c�h�a�r�d� �H�.� �H�i�l�l�s�,� �P�o�w�e�r� �f�r�o�m� �w�i�n�d�:� �A� �h�i�s�t�o�r�y� �o�f� �w�i�n�d�m�i�l�l� �t�e�c�h�n�o�l�o�g�y� �(�C�a�m�b�r�i�d�g�e�:� �C�a�m�b�r�i�d�g�e� �U�n�i�v�e�r�s�i�t�y� 
�P�r�e�s�s�,� �1�9�9�4�)�,� �p�p�.� �2�1�5�-�2�3�1�.� 
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�f�o�r�b�a�d�e� �D�u�t�c�h� �m�i�l�l�e�r�s� �f�r�o�m� �p�r�a�c�t�i�c�i�n�g� �t�h�e�r�e�.� �A�m�e�r�i�c�a�n� �w�i�n�d� �m�a�c�h�i�n�e�s� �g�r�o�u�n�d� �g�r�a�i�n�,� �s�a�w�e�d� 

�l�u�m�b�e�r�,� �f�i�l�l�e�d� �s�a�l�t� �p�a�n�s�,� �s�i�g�n�a�l�l�e�d� �s�h�i�p�s� �a�n�d� �h�o�n�e�d� �h�a�r�p�o�o�n�s�.� �W�h�i�l�e� �l�e�s�s� �r�e�l�i�a�b�l�e� �t�h�a�n� �w�a�t�e�r� 

�p�o�w�e�r�,� �w�i�n�d�m�i�l�l�s� �o�c�c�u�p�i�e�d� �a� �s�e�c�u�r�e� �n�i�c�h�e� �i�n� �t�h�e� �d�i�v�e�r�s�e� �p�r�o�c�e�s�s� �o�f� �c�o�l�o�n�i�z�a�t�i�o�n�-�-�f�o�r� �a� 

�t�i�m�e�.�! �� 

�A�l�t�h�o�u�g�h� �t�h�e� �s�t�e�a�m� �r�e�v�o�l�u�t�i�o�n� �o�c�c�u�r�r�e�d� �m�o�r�e� �s�l�o�w�l�y� �i�n� �A�m�e�r�i�c�a� �w�i�t�h� �i�t�s� �a�b�u�n�d�a�n�t� 

�w�o�o�d� �a�n�d� �h�y�d�r�o�p�o�w�e�r� �t�h�a�n� �i�n� �c�r�o�w�d�e�d�,� �d�e�p�l�e�t�e�d� �B�r�i�t�a�i�n�,� �A�m�e�r�i�c�a�n� �w�a�t�e�r�-� �a�n�d� �w�i�n�d�m�i�l�l�s� 

�s�o�o�n� �f�e�l�l� �v�i�c�t�i�m� �t�o� �p�r�o�g�r�e�s�s�i�n�g� �i�n�d�u�s�t�r�i�a�l�i�z�a�t�i�o�n� �a�n�d� �i�m�p�r�o�v�e�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�.� �N�i�n�e�t�e�e�n�t�h�-� 

�c�e�n�t�u�r�y� �c�a�p�i�t�a�l�i�s�t�s� �s�e�e�k�i�n�g� �e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e� �c�o�n�c�e�n�t�r�a�t�e�d� �p�r�o�d�u�c�t�i�o�n� �i�n� �e�v�e�r�-�l�a�r�g�e�r� 

�e�s�t�a�b�l�i�s�h�m�e�n�t�s�,� �a�n�d� �t�h�e� �s�p�r�e�a�d�i�n�g� �r�a�i�l� �s�y�s�t�e�m� �c�a�r�r�i�e�d� �t�h�e�i�r� �p�r�o�d�u�c�t�s� �t�o� �i�s�o�l�a�t�e�d� �m�a�r�k�e�t�s� �t�h�a�t� 

�h�a�d� �p�r�e�v�i�o�u�s�l�y� �r�e�l�i�e�d� �o�n� �l�o�c�a�l� �w�a�t�e�r�-� �o�r� �w�i�n�d�p�o�w�e�r�.� �T�h�e� �v�i�c�i�s�s�i�t�u�d�e�s� �o�f� �t�h�e� �o�l�d�e�r� �f�o�r�m�s� �o�f� 

�p�o�w�e�r� �s�e�e�m�e�d� �u�n�a�c�c�e�p�t�a�b�l�e� �i�n� �t�h�e� �a�g�e� �o�f� �s�t�e�a�m�.� �W�i�n�d� �m�a�c�h�i�n�e�s�-�-�n�o� �l�o�n�g�e�r� �t�r�u�e� �m�i�l�l�s�-�-�n�e�x�t� 

�a�p�p�e�a�r�e�d� �o�n� �t�h�e� �A�m�e�r�i�c�a�n� �h�o�r�i�z�o�n� �i�n� �a� �d�i�f�f�e�r�e�n�t� �f�o�r�m�.�'�®� 

�R�e�v�o�l�v�e�r�s�,� �b�a�r�b�e�d� �w�i�r�e�,� �a�n�d� �c�h�e�a�p� �w�i�n�d�m�i�l�l�s� 

�F�r�o�n�t�i�e�r� �h�i�s�t�o�r�i�a�n� �W�a�l�t�e�r� �P�r�e�s�c�o�t�t� �W�e�b�b�,� �c�o�n�s�i�d�e�r�i�n�g� �a� �W�e�s�t�e�r�n�e�r ��s� �c�a�s�u�a�l� �r�e�m�a�r�k� 

�"�!� �a�g�r�e�e�d�,� �a�f�t�e�r� �t�h�a�t� �"�b�a�r�b�e�d� �w�i�r�e� �a�n�d� �w�i�n�d�m�i�l�l�s� �m�a�d�e� �t�h�e� �s�e�t�t�l�e�m�e�n�t� �o�f� �t�h�e� �W�e�s�t� �p�o�s�s�i�b�l�e�,� 

�a�d�d�i�n�g� �t�h�e� �C�o�l�t ��s� �r�e�v�o�l�v�e�r� �t�o� �t�h�e� �l�i�s�t�.� �R�e�v�o�l�v�e�r�s� �d�i�s�p�o�s�e�d� �o�f� �W�e�s�t�e�r�n� �b�a�d�m�e�n� �a�n�d� �N�a�t�i�v�e� 

�A�m�e�r�i�c�a�n�s�,� �a�n�d� �b�a�r�b�e�d� �w�i�r�e� �s�o�l�v�e�d� �t�h�e� �r�i�d�d�l�e� �o�f� �h�o�w� �t�o� �b�u�i�l�d� �f�e�n�c�e�s� �w�i�t�h�o�u�t� �w�o�o�d�,� �t�h�u�s� 

�s�h�u�t�t�i�n�g� �f�r�e�e� �r�a�n�g�e� �c�a�t�t�l�e� �o�u�t� �o�f� �f�a�r�m�l�a�n�d�s�.� �B�u�t� �w�i�n�d� �m�a�c�h�i�n�e�s� �c�o�n�j�u�r�e�d� �w�a�t�e�r�.� 

�B�a�c�k� �E�a�s�t�,� �s�h�o�v�e�l�-�w�i�e�l�d�i�n�g� �w�e�l�l�d�i�g�g�e�r�s� �c�o�u�l�d� �s�t�r�i�k�e� �w�a�t�e�r� �b�e�t�w�e�e�n� �e�i�g�h�t� �a�n�d� �t�h�i�r�t�y� 

�f�e�e�t� �d�o�w�n�.� �T�h�e� �h�a�r�d�,� �d�r�y� �P�l�a�i�n�s� �r�e�q�u�i�r�e�d� �d�r�i�l�l�e�d� �w�e�l�l�s� �u�p� �t�o� �t�h�r�e�e�-�h�u�n�d�r�e�d� �f�e�e�t� �d�e�e�p� �a�n�d� �a� 

�p�u�m�p� �t�o� �r�a�i�s�e� �t�h�e� �w�a�t�e�r�.� �F�a�r�m�e�r�s�,� �w�h�o� �h�a�d� �f�l�o�c�k�e�d� �t�o� �t�h�e� �P�l�a�i�n�s� �d�u�r�i�n�g� �t�h�e� �r�a�i�n�y� �y�e�a�r�s� �o�f� 

� � 

 ��T�o�r�r�e�y�,� �W�i�n�d�-�C�a�t�c�h�e�r�s�,� �p�p�.� �7�1�-�8�4�.� 

�' ��T�o�r�r�e�y�,� �W�i�n�d�-�C�a�t�c�h�e�r�s�,� �p�p�.� �6�3�-�6�4�,� �7�1�;� �E�d�w�i�n� �T�.� �L�a�y�t�o�n�,� �J�r�.�,� �"�T�h�e� �I�n�d�u�s�t�r�i�a�l� �E�v�o�l�u�t�i�o�n� �i�n� �A�m�e�r�i�c�a�:� �E�n�e�r�g�y� 
�i�n� �t�h�e� �A�g�e� �o�f� �W�a�t�e�r� �a�n�d� �W�o�o�d�,�"� �M�a�t�e�r�i�a�l�s� �a�n�d� �S�o�c�i�e�t�y� �8� �(�1�9�8�3�)�,� �p�p�.� �2�4�9�-�2�6�3�.� �L�a�y�t�o�n� �n�o�t�e�s� �t�h�a�t� �s�t�e�a�m� �d�i�d� �n�o�t� 
�r�e�p�l�a�c�e� �h�y�d�r�o�p�o�w�e�r� �i�n� �A�m�e�r�i�c�a� �u�n�t�i�l� �1�8�7�0�,� �w�e�l�l� �a�f�t�e�r� �i�t�s� �r�i�s�e� �i�n� �B�r�i�t�a�i�n� �(�p�.� �2�5�0�)�.� �M�u�c�h� �o�f� �H�u�n�t�e�r ��s� �a�n�a�l�y�s�i�s� �o�n� 
�t�h�e� �d�e�m�i�s�e� �o�f� �w�a�t�e�r�p�o�w�e�r� �i�n� �I�n�d�u�s�t�r�i�a�l� �P�o�w�e�r� �h�o�l�d�s� �f�o�r� �w�i�n�d�p�o�w�e�r� �a�s� �w�e�l�l� �(�p�p�.� �4�8�1�-�4�8�5�)�.� 

�W�a�l�t�e�r� �P�.� �W�e�b�b�,� �T�h�e� �G�r�e�a�t� �P�l�a�i�n�s� �(�B�o�s�t�o�n�:� �G�i�n�n� �a�n�d� �C�o�.�,� �1�9�3�1�)�,� �p�p�.� �v�,� �2�7�0�.� 
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�t�h�e� �1�8�8�0�s�,� �s�u�f�f�e�r�e�d� �t�r�a�g�i�c�a�l�l�y� �d�u�r�i�n�g� �t�h�e� �d�r�o�u�g�h�t�s� �t�h�a�t� �f�o�l�l�o�w�e�d�.� �A� �w�i�n�d�p�u�m�p�,� �e�v�e�n� �o�n�e� �o�f� 

�t�h�e� �n�u�m�e�r�o�u�s� �h�o�m�e�m�a�d�e� �v�a�r�i�e�t�i�e�s�,� �e�n�a�b�l�e�d� �i�n�d�u�s�t�r�i�o�u�s� �h�o�m�e�s�t�e�a�d�e�r�s� �t�o� �s�u�r�v�i�v�e� �w�h�e�n� 

�p�a�r�c�h�e�d� �n�e�i�g�h�b�o�r�s� �r�e�t�u�r�n�e�d� �h�o�m�e�.� �I�t� �m�i�g�h�t� �m�e�a�n�,� �i�n� �W�e�b�b ��s� �p�h�r�a�s�e�,� �"�t�h�e� �d�i�f�f�e�r�e�n�c�e� 

�b�e�t�w�e�e�n� �s�t�a�r�v�a�t�i�o�n� �a�n�d� �l�i�v�e�l�i�h�o�o�d�.�"� �F�r�o�m� �t�h�e� �C�i�v�i�l� �W�a�r� �t�o� �W�o�r�l�d� �W�a�r� �I�,� �t�e�n�s� �o�f� �t�h�o�u�s�a�n�d�s� 

�o�f� �w�i�n�d�p�u�m�p�s� �w�a�t�e�r�e�d� �c�a�t�t�l�e�,� �f�i�l�l�e�d� �l�o�c�o�m�o�t�i�v�e�s� �a�t� �l�o�n�e�l�y� �s�u�p�p�l�y� �s�t�a�t�i�o�n�s�,� �a�n�d� �p�u�m�p�e�d� 

�d�r�i�n�k�i�n�g� �w�a�t�e�r�.�*�°� 

�A�m�e�r�i�c�a�n� �w�i�n�d�p�u�m�p�s� �f�e�a�t�u�r�e�d� �m�a�n�y� �s�m�a�l�l� �b�l�a�d�e�s� �o�r� �s�l�a�t�s� �a�t�t�a�c�h�e�d� �t�o� �a� �"�b�i�c�y�c�l�e�"� 

�w�h�e�e�l� �b�e�t�w�e�e�n� �e�i�g�h�t� �a�n�d� �t�h�i�r�t�y� �f�e�e�t� �i�n� �d�i�a�m�e�t�e�r�,� �m�o�u�n�t�e�d� �o�n� �a� �t�o�w�e�r� �t�w�e�n�t�y� �t�o� �f�o�r�t�y� �f�e�e�t� 

�h�i�g�h�.� �C�o�l�l�e�c�t�i�v�e�l�y�,� �t�h�e� �b�l�a�d�e�s� �p�r�e�s�e�n�t�e�d� �a� �l�a�r�g�e� �c�r�o�s�s�-�s�e�c�t�i�o�n� �t�o� �t�h�e� �w�i�n�d�,� �t�h�u�s� �s�u�p�p�l�y�i�n�g� 

�n�e�c�e�s�s�a�r�y� �p�o�w�e�r�.� �D�u�e� �t�o� �a�e�r�o�d�y�n�a�m�i�c� �i�n�t�e�r�f�e�r�e�n�c�e� �o�f� �e�a�c�h� �b�l�a�d�e� �o�n� �i�t�s� �n�e�i�g�h�b�o�r�s�,� �h�o�w�e�v�e�r�,� 

�t�h�e� �w�h�e�e�l� �t�u�r�n�e�d� �r�a�t�h�e�r� �s�l�o�w�l�y�.� �A� �c�r�a�n�k� �t�r�a�n�s�f�o�r�m�e�d� �t�h�e� �r�o�t�a�r�y� �m�o�t�i�o�n� �o�f� �t�h�e� �s�h�a�f�t� �t�o� 

�r�e�c�i�p�r�o�c�a�t�i�n�g� �m�o�t�i�o�n�,� �r�a�i�s�i�n�g� �a�n�d� �f�o�r�c�i�n�g� �d�o�w�n� �a� �v�e�r�t�i�c�a�l� �r�o�d� �c�o�n�n�e�c�t�e�d� �t�o� �a� �p�u�m�p� �a�t� �t�h�e� 

�b�o�t�t�o�m� �o�f� �t�h�e� �t�o�w�e�r�.� �A� �w�i�n�d�p�u�m�p� �w�i�t�h� �a� �t�w�e�l�v�e�-�f�o�o�t� �w�h�e�e�l� �c�o�u�l�d� �p�u�m�p� �t�e�n� �g�a�l�l�o�n�s� �o�f� 

�w�a�t�e�r� �p�e�r� �m�i�n�u�t�e� �i�n� �a� �1�5�-�m�p�h� �w�i�n�d�,� �l�i�f�t�i�n�g� �t�h�e� �w�a�t�e�r� �a�b�o�u�t� �1�0�0� �f�e�e�t�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �d�a�n�g�e�r� 

�o�f� �c�l�i�m�b�i�n�g� �t�h�e� �f�r�e�q�u�e�n�t�l�y� �f�l�i�m�s�y� �t�o�w�e�r�s� �t�o� �l�u�b�r�i�c�a�t�e� �t�h�e� �w�o�r�k�s�,� �m�a�n�u�f�a�c�t�u�r�e�r�s� �d�e�v�e�l�o�p�e�d� 

�e�n�c�l�o�s�e�d� �o�i�l� �b�a�t�h�s�.� �F�a�n�t�a�i�l�s� �o�r� �r�u�d�d�e�r�s� �s�p�o�r�t�e�d� �t�h�e� �m�a�n�u�f�a�c�t�u�r�e�r ��s� �n�a�m�e�,� �a�n�d� �a�d�v�e�r�t�i�s�e�r�s� 

�o�f�t�e�n� �p�a�i�d� �f�a�r�m�e�r�s� �f�o�r� �t�h�e� �p�r�i�v�i�l�e�g�e� �o�f� �p�a�i�n�t�i�n�g� �t�h�e�i�r� �o�w�n� �s�l�o�g�a�n�s� �o�v�e�r� �t�h�e� �o�r�i�g�i�n�a�l� �l�a�b�e�l�. ��!� 

�F�o�l�l�o�w�i�n�g� �t�h�e� �r�a�n�c�h�e�r�s� �a�n�d� �f�a�r�m�e�r�s� �c�a�m�e� �t�h�e� �t�o�w�n�s�f�o�l�k�,� �a�n�d� �e�a�c�h� �f�a�m�i�l�y� �r�e�q�u�i�r�e�d� 

�w�a�t�e�r�.� �I�n� �1�9�0�4�,� �a� �K�a�n�s�a�s� �C�i�t�y� �S�t�a�r� �c�o�r�r�e�s�p�o�n�d�e�n�t� �r�e�p�o�r�t�e�d� �t�h�a�t�:� 

�A� �s�t�r�a�n�g�e�r� �j�o�u�r�n�e�y�i�n�g� �b�y� �r�a�i�l� �i�n� �n�o�r�t�h�w�e�s�t�e�r�n� �K�a�n�s�a�s� �i�s� �s�t�r�u�c�k� �b�y� �t�h�e� �m�a�n�y� 
�w�i�n�d�m�i�l�l�s� �h�e� �s�e�e�s� �f�r�o�m� �t�h�e� �c�a�r� �w�i�n�d�o�w�s�.� �T�h�e� �p�r�a�i�r�i�e� �l�a�n�d� �i�s� �f�a�i�r�l�y� �a�l�i�v�e� �w�i�t�h� �t�h�e�m�.� 
�T�h�e� �w�i�n�d�m�i�l�l� �h�a�s� �t�a�k�e�n� �t�h�e� �p�l�a�c�e� �o�f� �t�h�e� �o�l�d� �t�o�w�n� �p�u�m�p�.�.�.� �I�n� �t�h�e� �t�o�w�n� �o�f� �C�o�l�b�y�,� 
�K�a�n�s�a�s�,� �o�n� �t�h�e� �C�h�i�c�a�g�o�,� �R�o�c�k� �I�s�l�a�n�d� �a�n�d� �P�a�c�i�f�i�c� �r�a�i�l�w�a�y�,� �1�2�5� �p�r�i�v�a�t�e� �w�i�n�d�m�i�l�l�s� 

� � 

�"�b�i�d�.�,� �p�p�.� �3�4�2�-�3�4�7�.� �S�o�v�i�e�t� �h�i�s�t�o�r�i�a�n�s� �c�l�a�i�m�e�d� �t�h�a�t� �e�n�g�i�n�e�e�r� �V�.�P�.� �D�a�v�y�d�o�v� �i�n�v�e�n�t�e�d� �w�i�n�d�p�u�m�p�s� �t�o� �w�a�t�e�r� 
�R�u�s�s�i�a�n� �l�o�c�o�m�o�t�i�v�e�s�.� �S�e�e� �F�a�t�e�y�e�v�,� �"�W�i�n�d� �P�o�w�e�r� �I�n�s�t�a�l�l�a�t�i�o�n�s�,�"� �p�.� �i�i�i�.� 

 ��I�M�i�n�c�h�i�n�t�o�n�,� �"�W�i�n�d� �P�o�w�e�r�,�"� �p�.� �3�5�;� �T�o�r�r�e�y�,� �W�i�n�d�-�C�a�t�c�h�e�r�s�,� �p�p�.� �1�0�7�-�1�1�0�;� �I�n�g�l�i�s�,� �W�i�n�d� �P�o�w�e�r�,� �p�p�.� �2�4�-�2�5�;� 
�E�l�d�r�i�d�g�e�,� �W�i�n�d� �M�a�c�h�i�n�e�s�,� �p�.� �2�2�.� 

�4�0



�b�r�i�n�g� �w�a�t�e�r� �t�o� �t�h�e� �t�o�p� �f�o�r� �d�o�m�e�s�t�i�c� �c�o�n�s�u�m�p�t�i�o�n�.� �T�h�e� �h�o�m�e� �o�f� �t�h�e� �h�u�m�b�l�e�s�t� �c�i�t�i�z�e�n� 
�o�f� �t�h�e� �t�o�w�n� �i�s� �n�o�t� �c�o�m�p�l�e�t�e� �w�i�t�h�o�u�t� �i�t�s� �w�i�n�d�m�i�l�l�. �� 

�M�a�i�l� �o�r�d�e�r� �c�a�t�a�l�o�g�s� �a�d�v�e�r�t�i�s�e�d� �g�i�z�m�o�s� �t�o� �c�o�n�v�e�r�t� �p�u�m�p�i�n�g� �a�c�t�i�o�n� �t�o� �r�o�t�a�r�y� �m�o�t�i�o�n�,� �a�l�l�o�w�i�n�g� 

�f�a�r�m�e�r�s� �t�o� �a�d�a�p�t� �t�h�e�i�r� �w�i�n�d�p�u�m�p�s� �t�o� �"�s�h�e�l�l�i�n�g�,� �g�r�i�n�d�i�n�g�,� �c�u�t�t�i�n�g� �f�e�e�d�,� �s�a�w�i�n�g� �w�o�o�d�,� 

�c�h�u�r�n�i�n�g�,� �e�t�c�.�"� �I�n� �t�h�e� �1�8�6�0�s� �a�n� �i�n�v�e�n�t�o�r� �e�v�e�n� �p�a�t�e�n�t�e�d� �a� �f�a�n�-�d�r�i�v�e�n� �m�a�g�n�e�t�o� �t�h�a�t� �l�i�t� �a�n� 

�i�n�c�a�n�d�e�s�c�e�n�t� �b�u�l�b�. ��?� 

�I�n� �f�a�c�t�,� �t�h�e� �v�i�b�r�a�n�t� �w�i�n�d�p�u�m�p� �i�n�d�u�s�t�r�y� �i�n�s�p�i�r�e�d� �t�h�o�u�s�a�n�d�s� �o�f� �p�a�t�e�n�t�s�.� �B�y� �1�8�8�9�,� 

�s�e�v�e�n�t�y�-�s�e�v�e�n� �f�a�c�t�o�r�i�e�s� �s�h�i�p�p�e�d� �t�h�e�i�r� �w�a�r�e�s� �a�c�r�o�s�s� �t�h�e� �M�i�d�w�e�s�t� �f�r�o�m� �B�a�t�a�v�i�a�,� �W�a�u�k�e�g�a�n�,� 

�K�a�l�a�m�a�z�o�o�,� �a�n�d� �o�t�h�e�r� �s�m�a�l�l� �c�i�t�i�e�s� �o�n� �t�h�e� �e�a�s�t�e�r�n� �r�i�m� �o�f� �t�h�e� �P�l�a�i�n�s�.� �E�n�t�r�e�p�r�e�n�e�u�r�s� 

�a�c�c�o�m�p�l�i�s�h�e�d� �t�h�i�s� �s�u�c�c�e�s�s� �w�i�t�h� �l�i�t�t�l�e� �i�n�c�r�e�a�s�e� �i�n� �s�c�i�e�n�t�i�f�i�c� �u�n�d�e�r�s�t�a�n�d�i�n�g�;� �i�n� �1�8�9�0�,� �a�n� 

�e�n�g�i�n�e�e�r� �b�e�m�o�a�n�e�d� �t�h�e� �l�a�c�k� �o�f� �r�i�g�o�r�o�u�s� �i�n�v�e�s�t�i�g�a�t�i�o�n� �i�n�t�o� �t�h�e� �e�c�o�n�o�m�i�c�s� �a�n�d� �b�e�h�a�v�i�o�r� �o�f� 

�w�i�n�d� �m�a�c�h�i�n�e�s� �s�i�n�c�e� �S�m�e�a�t�o�n ��s� �e�x�p�e�r�i�m�e�n�t�s� �o�v�e�r� �a� �c�e�n�t�u�r�y� �b�e�f�o�r�e�.�*�*� �I�n� �a�c�c�o�u�n�t�i�n�g� �f�o�r� �t�h�e� 

�s�u�c�c�e�s�s� �o�f� �w�i�n�d�p�u�m�p�s�,� �W�e�b�b� �p�o�i�n�t�s� �i�n�s�t�e�a�d� �t�o� �m�a�s�s� �p�r�o�d�u�c�t�i�o�n�,� �m�i�n�i�m�a�l� �u�s�e� �o�f� �m�a�t�e�r�i�a�l�s�,� 

�i�n�t�e�r�c�h�a�n�g�a�b�i�l�i�t�y� �o�f� �p�a�r�t�s�,� �a�n�d� �s�i�m�p�l�e� �d�e�s�i�g�n�s� �t�h�a�t� �a�l�l�o�w�e�d� �e�a�s�y� �e�r�e�c�t�i�o�n� �b�y� �o�r�d�i�n�a�r�y� 

�m�e�c�h�a�n�i�c�s� �w�i�t�h� �b�a�s�i�c� �t�o�o�l�s�.� �I�n� �1�8�9�3�,� �2�1� �m�i�l�l�i�o�n� �v�i�s�i�t�o�r�s� �t�o� �t�h�e� �W�o�r�l�d ��s� �C�o�l�u�m�b�i�a� �E�x�h�i�b�i�t�i�o�n� 

�s�a�w� �t�h�e� �n�o�t�a�b�l�e� �i�n�v�e�n�t�i�o�n�s� �o�f� �t�h�e� �a�g�e�,� �i�n�c�l�u�d�i�n�g� �E�d�i�s�o�n ��s� �p�h�o�n�o�g�r�a�p�h�,� �P�u�l�l�m�a�n ��s� �s�l�e�e�p�i�n�g� 

�c�a�r�,� �a�n�d� �a� �g�l�o�r�i�o�u�s� �c�o�n�g�r�e�g�a�t�i�o�n� �o�f� �w�i�n�d�p�u�m�p�s�.� �P�h�o�t�o�g�r�a�p�h�s� �o�f� �t�h�a�t� �t�h�i�c�k�e�t� �o�f� �w�i�n�d� 

�m�a�c�h�i�n�e�s� �s�t�i�l�l� �a�s�t�o�n�i�s�h� �t�h�e� �e�y�e�. �� 

�B�y� �1�9�3�0�,� �s�o�m�e� �s�i�x� �m�i�l�l�i�o�n� �w�i�n�d�p�u�m�p�s� �d�e�p�e�n�d�a�b�l�y� �s�u�p�p�l�i�e�d� �t�h�e� �m�i�d�w�e�s�t� �w�i�t�h� �w�a�t�e�r�.� 

�R�a�n�c�h�e�r�s�,� �e�s�p�e�c�i�a�l�l�y�,� �r�e�l�i�e�d� �o�n� �t�h�e�m� �t�o� �w�a�t�e�r� �s�t�o�c�k�.� �U�n�f�o�r�t�u�n�a�t�e�l�y�,� �t�h�e� �w�i�n�d�p�u�m�p�s �� �v�e�r�y� 

�r�e�l�i�a�b�i�l�i�t�y� �m�e�a�n�t� �t�h�a�t� �f�a�r�m�e�r�s� �h�a�r�d�l�y� �e�v�e�r� �r�e�p�l�a�c�e�d� �t�h�e�m�.� �C�o�u�p�l�e�d� �w�i�t�h� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� 

�c�h�e�a�p� �e�l�e�c�t�r�i�c� �p�u�m�p�s� �r�e�q�u�i�r�i�n�g� �e�v�e�n� �l�e�s�s� �a�t�t�e�n�t�i�o�n� �t�h�a�n� �w�i�n�d� �m�a�c�h�i�n�e�s�,� �t�h�e� �m�a�c�h�i�n�e�s �� 

� � 

�2�Q�u�o�t�e�d� �i�n� �T�o�r�r�e�y�,� �W�i�n�d�-�C�a�t�c�h�e�r�s�,� �p�p�.� �1�0�2�-�1�0�3�.� 

�3�W�e�b�b�,� �G�r�e�a�t� �P�l�a�i�n�s�,� �p�.� �3�4�8�;� �P�a�u�l� �J�.� �I�s�r�a�e�l� �(�r�e�p�r�i�n�t� �e�d�.�)�,� �1�8�9�7� �S�e�a�r�s� �R�o�e�b�u�c�k� �C�a�t�a�l�o�g� �(�N�e�w� �Y�o�r�k�:� �C�h�e�l�s�e�a� 
�H�o�u�s�e� �P�u�b�l�i�s�h�e�r�s�,� �1�9�7�6�)�,� �n�o� �p�a�g�i�n�a�t�i�o�n�;� �T�o�r�r�e�y�,� �W�i�n�d�-�C�a�t�c�h�e�r�s�,� �p�.� �9�7�.� 

�4� �A�l�f�r�e�d� �R�.� �W�o�l�f�f�,� �T�h�e� �W�i�n�d�m�i�l�l� �a�s� �a� �P�r�i�m�e� �M�o�v�e�r� �(�N�e�w� �Y�o�r�k�:� �J�o�h�n� �W�i�l�e�y� �a�n�d� �S�o�n�s�,� �1�8�9�0�)�,� �p�p�.� �1�2�2�-�1�3�1�.� 

�W�e�b�b�,� �G�r�e�a�t� �P�l�a�i�n�s�,� �p�p�.� �3�3�7�,� �3�4�0�;� �T�o�r�r�e�y�,� �W�i�n�d�-�C�a�t�c�h�e�r�s�,� �p�p�.� �9�0�-�9�1�.� 

�4�1



�r�e�l�i�a�b�i�l�i�t�y� �h�e�l�p�e�d� �k�i�l�l� �t�h�e� �i�n�d�u�s�t�r�y�.� �I�n� �1�9�1�9�,� �o�n�l�y� �t�h�i�r�t�y�-�o�n�e� �A�m�e�r�i�c�a�n� �w�i�n�d�p�u�m�p� 

�m�a�n�u�f�a�c�t�u�r�e�r�s� �r�e�m�a�i�n�e�d�.� �I�n� �t�h�e� �e�a�r�l�y� �1�9�7�0�s�,� �N�e�w� �M�e�x�i�c�o� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� �r�e�p�o�r�t�e�d� �a�s� �m�a�n�y� 

�a�s� �1�7�5�,�0�0�0� �s�u�r�v�i�v�o�r�s� �w�a�t�e�r�i�n�g� �t�h�e� �p�r�a�i�r�i�e�s�,� �b�u�t� �o�n�l�y� �a� �h�a�n�d�f�u�l� �o�f� �f�i�r�m�s� �p�r�o�d�u�c�i�n�g� 

�w�i�n�d�p�u�m�p�s�. ��°� 

�P�A�R�T� �I�I�:� �W�i�n�d�p�o�w�e�r� �a�n�d� �E�l�e�c�t�r�i�f�i�c�a�t�i�o�n� 

�I�n� �t�h�e� �e�a�r�l�y� �t�w�e�n�t�i�e�t�h� �c�e�n�t�u�r�y�,� �e�l�e�c�t�r�i�c� �p�o�w�e�r� �s�p�r�e�a�d� �a�c�r�o�s�s� �t�h�e� �n�a�t�i�o�n�,� �e�d�g�i�n�g� �o�u�t� �a� 

�d�i�v�e�r�s�e� �s�e�t� �o�f� �r�e�s�o�u�r�c�e�s�.� �E�l�e�c�t�r�i�c�i�t�y�,� �w�h�e�n� �g�e�n�e�r�a�t�e�d� �b�y� �a� �c�e�n�t�r�a�l� �p�l�a�n�t� �b�u�r�n�i�n�g� �c�o�a�l� �o�r� 

�e�x�p�l�o�i�t�i�n�g� �h�y�d�r�o�p�o�w�e�r� �a�n�d� �d�e�l�i�v�e�r�e�d� �o�v�e�r� �a� �c�o�m�p�l�e�x� �w�e�b� �o�f� �t�r�a�n�s�m�i�s�s�i�o�n� �l�i�n�e�s�,� �p�r�o�v�i�d�e�d� 

�a�d�v�a�n�t�a�g�e�s� �t�h�a�t� �w�i�n�d�p�o�w�e�r� �l�a�c�k�e�d�.� �U�t�i�l�i�t�y� �p�o�w�e�r� �p�r�o�v�e�d� �r�e�l�i�a�b�l�e�,� �c�h�e�a�p�,� �a�n�d� �v�e�r�s�a�t�i�l�e�.� �B�e�s�t� 

�o�f� �a�l�l�,� �i�t� �r�e�q�u�i�r�e�d� �l�i�t�t�l�e� �o�r� �n�o� �e�f�f�o�r�t� �f�r�o�m� �u�s�e�r�s�.� �F�o�r� �a� �b�r�i�e�f� �m�o�m�e�n�t�,� �w�i�n�d�-�d�r�i�v�e�n� �e�l�e�c�t�r�i�c�i�t�y� 

�g�e�n�e�r�a�t�o�r�s� �s�u�r�v�i�v�e�d� �i�n� �t�h�e� �i�n�t�e�r�s�t�i�c�e�s� �o�f� �t�h�e� �r�i�s�i�n�g� �t�i�d�e� �o�f� �c�e�n�t�r�a�l� �p�o�w�e�r�.� �Y�e�t�,� �A�m�e�r�i�c�a�n�s� 

�s�c�a�r�c�e�l�y� �d�e�b�a�t�e�d� �t�h�e� �m�e�r�i�t�s� �o�f� �c�e�n�t�r�a�l� �v�e�r�s�u�s� �f�r�e�e�-�s�t�a�n�d�i�n�g� �p�o�w�e�r�;� �r�a�t�h�e�r�,� �t�h�e� �g�r�e�a�t� �d�e�b�a�t�e� �o�f� 

�t�h�e� �d�a�y� �c�o�n�c�e�r�n�e�d� �p�r�i�v�a�t�e� �a�n�d� �p�u�b�l�i�c� �p�o�w�e�r�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n� �e�x�p�l�o�r�e�s� �e�a�r�l�y� �A�m�e�r�i�c�a�n� 

�e�l�e�c�t�r�i�f�i�c�a�t�i�o�n�,� �p�a�y�i�n�g� �s�p�e�c�i�a�l� �a�t�t�e�n�t�i�o�n� �t�o� �i�t�s� �i�d�e�o�l�o�g�i�c�a�l� �a�n�d� �p�o�l�i�t�i�c�a�l� �d�i�m�e�n�s�i�o�n�s�,� �w�h�i�c�h� 

�u�n�d�e�r�l�i�e� �t�h�e� �g�r�e�a�t� �s�e�a�-�c�h�a�n�g�e�s� �i�n� �t�h�e� �e�l�e�c�t�r�i�c� �s�y�s�t�e�m� �o�f� �t�h�e� �1�9�6�0�s� �a�n�d� �1�9�7�0�s�.� 

�E�l�e�c�t�r�i�c�i�t�y� �f�i�r�s�t� �e�n�t�e�r�e�d� �A�m�e�r�i�c�a�n� �h�o�m�e�s� �a�s� �a� �l�u�x�u�r�y� �g�o�o�d�,� �i�n� �t�h�e� �f�o�r�m� �o�f� �n�o�v�e�l�t�i�e�s�,� 

�d�o�o�r�b�e�l�l�s� �a�n�d� �l�i�g�h�t�.� �W�e�a�l�t�h�y� �h�o�m�e�o�w�n�e�r�s� �i�n� �t�h�e� �l�a�s�t� �q�u�a�r�t�e�r� �o�f� �t�h�e� �n�i�n�e�t�e�e�n�t�h� �c�e�n�t�u�r�y� �f�o�u�n�d� 

�t�h�e� �a�t�t�r�a�c�t�i�v�e� �n�e�w� �i�l�l�u�m�i�n�a�n�t� �c�l�e�a�n�e�r� �t�h�a�n� �g�a�s�,� �w�i�t�h� �n�o� �r�i�s�k� �o�f� �a�s�p�h�y�x�i�a�t�i�o�n� �o�r� �e�x�p�l�o�s�i�o�n�,� �a�n�d� 

�t�h�e�y� �f�r�a�m�e�d� �t�h�e� �b�u�l�b�s� �i�n� �s�p�e�c�i�a�l� �c�h�a�n�d�e�l�i�e�r�s� �o�r� �T�i�f�f�a�n�y� �c�u�t�-�g�l�a�s�s� �s�h�a�d�e�s�.� �E�n�t�r�e�p�r�e�n�e�u�r�s�,� 

�f�e�m�i�n�i�s�t�s� �a�n�d� �u�t�o�p�i�a�n� �t�h�i�n�k�e�r�s�,� �h�o�w�e�v�e�r�,� �s�a�w� �a�l�m�o�s�t� �i�m�m�e�d�i�a�t�e�l�y� �t�h�e� �p�o�t�e�n�t�i�a�l� �f�o�r� �e�l�e�c�t�r�i�c�i�t�y� 

�t�o� �i�m�p�r�o�v�e� �d�a�i�l�y� �l�i�f�e� �o�n� �a� �l�a�r�g�e� �s�c�a�l�e�.� �A�s� �t�h�e� �f�i�r�s�t� �d�e�c�a�d�e�s� �o�f� �t�h�e� �c�e�n�t�u�r�y� �p�a�s�s�e�d�,� �n�e�w�l�y�-� 

�w�i�r�e�d� �h�o�m�e�s� �s�p�o�r�t�e�d� �n�o�t� �o�n�l�y� �e�l�e�c�t�r�i�c� �b�u�l�b�s�,� �b�u�t� �m�a�c�h�i�n�e�s� �f�o�r� �w�a�s�h�i�n�g� �a�n�d� �w�r�i�n�g�i�n�g� �c�l�o�t�h�e�s�,� 

�c�o�o�k�i�n�g�,� �s�e�w�i�n�g� �a�n�d� �c�l�e�a�n�i�n�g�. � �� 

� � 

�6�T�o�r�r�e�y�,� �W�i�n�d�-�C�a�t�c�h�e�r�s�,� �p�.� �8�8�;� �T�o�m� �K�o�v�a�r�i�k�,� �C�h�a�r�l�e�s� �P�i�p�h�e�r� �a�n�d� �J�o�h�n� �H�u�r�s�t�,� �W�i�n�d� �E�n�e�r�g�y� �(�C�h�i�c�a�g�o�:� 
�D�o�m�u�s� �B�o�o�k�s�,� �1�9�7�9�)�,� �p�.� �1�1�;� �D�a�v�i�d� �L�e�e�,� �"�W�i�n�d� �P�o�w�e�r�,�"� �N�a�t�i�o�n�a�l� �W�i�l�d�l�i�f�e� �1�3� �(�A�u�g�u�s�t� �1�9�7�5�)�,� �p� �3�2�.� 

�7�N�y�e�,� �E�l�e�c�t�r�i�f�y�i�n�g� �A�m�e�r�i�c�a�,� �p�p�.� �2�3�8�-�2�8�6�.� 

�4�2



�O�b�s�e�r�v�e�r�s� �o�f� �t�h�e� �d�a�y� �a�n�d� �l�a�t�e�r� �h�i�s�t�o�r�i�a�n�s� �n�o�t�e�d� �t�h�e� �p�r�o�f�o�u�n�d� �c�h�a�n�g�e�s� �e�f�f�e�c�t�e�d� �b�y� 

�h�o�m�e� �e�l�e�c�t�r�i�f�i�c�a�t�i�o�n�,� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�e�d� �i�t� �a�s� �a� �t�y�p�i�c�a�l� �c�a�s�e� �o�f� �m�o�d�e�r�n�i�z�a�t�i�o�n�.� �T�h�e�y� �a�g�r�e�e�d� 

�l�e�s�s� �o�n� �h�o�w� �t�o� �e�v�a�l�u�a�t�e� �i�t�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �i�c�o�n�o�c�l�a�s�t� �T�h�o�r�s�t�e�i�n� �V�e�b�l�e�n� �a�r�g�u�e�d� �i�n� �1�8�9�9� 

�t�h�a�t� �c�u�l�t�u�r�e�s� �i�n�e�v�i�t�a�b�l�y� �d�e�v�e�l�o�p� �a� �w�e�a�l�t�h�y� �"�l�e�i�s�u�r�e� �c�l�a�s�s�"� �w�h�i�c�h� �d�i�s�t�i�n�g�u�i�s�h�e�s� �i�t�s�e�l�f� �b�y� 

�r�e�j�e�c�t�i�n�g� �p�r�o�d�u�c�t�i�v�e� �w�o�r�k� �a�n�d� �t�h�e� �p�r�o�d�u�c�t�i�v�e� �u�s�e� �o�f� �s�u�r�p�l�u�s� �c�a�p�i�t�a�l� �i�n� �f�a�v�o�r� �o�f� �"�c�o�n�s�p�i�c�u�o�u�s� 

�c�o�n�s�u�m�p�t�i�o�n�.�"� �T�h�e� �m�i�d�d�l�e� �c�l�a�s�s�e�s� �a�s�p�i�r�e� �t�o� �t�h�e� �s�t�a�t�u�s� �o�f� �t�h�e� �l�e�i�s�u�r�e� �c�l�a�s�s�,� �a�n�d� �a�p�e� �t�h�e�i�r� 

�h�a�b�i�t�s� �o�f� �d�r�e�s�s�,� �d�r�i�n�k�i�n�g� �a�n�d� �d�i�v�e�r�s�i�o�n�.� �W�o�m�e�n�,� �i�n� �p�a�r�t�i�c�u�l�a�r�,� �c�o�m�e� �t�o� �f�u�n�c�t�i�o�n� �s�o�l�e�l�y� �a�s� 

�c�o�n�s�u�m�e�r�s� �e�n�g�a�g�e�d� �i�n� �"�n�o�n�-�p�r�o�d�u�c�t�i�v�e� �l�a�b�o�r� �f�o�r� �t�h�e� �s�a�k�e� �o�f� �h�o�u�s�e�h�o�l�d� �r�e�p�u�t�a�b�i�l�i�t�y�.�"�.� �T�h�e� 

�t�r�a�n�s�f�i�g�u�r�a�t�i�o�n� �o�f� �t�h�e� �A�m�e�r�i�c�a�n� �h�o�m�e� �b�y� �e�l�e�c�t�r�i�c� �p�o�w�e�r� �s�e�e�m�e�d� �t�o� �c�o�r�r�o�b�o�r�a�t�e� �V�e�b�l�e�n ��s� 

�t�h�e�s�i�s�,� �a�n�d� �m�o�s�t� �s�o�c�i�o�l�o�g�i�s�t�s�,� �w�h�i�l�e� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �s�h�a�r�i�n�g� �h�i�s� �s�a�r�d�o�n�i�c� �p�e�r�s�p�e�c�t�i�v�e�,� �a�g�r�e�e�d� 

�t�h�a�t� �e�l�e�c�t�r�i�f�i�c�a�t�i�o�n� �h�a�d� �t�r�a�n�s�f�o�r�m�e�d� �t�h�e� �r�o�l�e� �o�f� �t�h�e� �h�o�m�e� �f�r�o�m� �p�r�o�d�u�c�t�i�o�n� �t�o� �c�o�n�s�u�m�p�t�i�o�n�. �� 

�A�m�o�n�g� �m�o�d�e�r�n� �h�i�s�t�o�r�i�a�n�s�,� �R�u�t�h� �C�o�w�a�n� �c�h�a�l�l�e�n�g�e�s� �V�e�b�l�e�n ��s� �"�p�r�o�d�u�c�t�i�o�n� �t�o� 

�c�o�n�s�u�m�p�t�i�o�n� �m�o�d�e�l�,�"� �b�y� �e�x�p�a�n�d�i�n�g� �h�e�r� �d�e�f�i�n�i�t�i�o�n� �o�f� �p�r�o�d�u�c�t�i�o�n�.� �W�h�i�l�e� �"�i�n�d�u�s�t�r�i�a�l�i�z�e�d�"� 

�h�o�u�s�e�h�o�l�d�s� �n�o� �l�o�n�g�e�r� �p�r�o�d�u�c�e� �g�o�o�d�s� �f�o�r� �s�a�l�e� �o�r� �h�o�m�e� �u�s�e�,� �t�h�e�y� �c�o�n�t�i�n�u�e� �t�o� �p�r�o�d�u�c�e� �"�m�e�a�l�s�,� 

�c�l�e�a�n� �l�a�u�n�d�r�y�,� �h�e�a�l�t�h�y� �c�h�i�l�d�r�e�n� �a�n�d� �w�e�l�l�-�f�e�d� �a�d�u�l�t�s�.�"� �C�o�w�a�n� �c�o�n�c�e�d�e�s� �t�h�a�t� �e�l�e�c�t�r�i�c�i�t�y� �m�a�d�e� 

�w�o�m�e�n ��s� �w�o�r�k� �l�e�s�s� �s�t�r�e�n�u�o�u�s� �a�n�d� �m�u�l�t�i�p�l�i�e�d� �w�o�m�e�n ��s� �p�r�o�d�u�c�t�i�v�i�t�y� �f�o�u�r�f�o�l�d� �f�r�o�m� �1�8�5�0� �t�o� 

�1�9�5�0�.� �H�o�w�e�v�e�r�,� �t�h�e� �h�o�u�r�s� �s�p�e�n�t� �b�y� �w�o�m�e�n� �a�t� �"�p�r�o�d�u�c�t�i�v�e�"� �h�o�u�s�e�w�o�r�k� �r�e�m�a�i�n�e�d� �c�o�n�s�t�a�n�t�,� �a�s� 

�s�t�a�n�d�a�r�d�s� �o�f� �c�l�e�a�n�l�i�n�e�s�s� �i�n�c�r�e�a�s�e�d� �a�n�d� �a�s� �w�o�m�e�n� �t�o�o�k� �s�o�l�e� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �f�o�r� �t�a�s�k�s� �p�r�e�v�i�o�u�s�l�y� 

�s�h�a�r�e�d� �b�y� �s�e�r�v�a�n�t�s�,� �m�e�n� �a�n�d� �c�h�i�l�d�r�e�n�.� �S�t�i�l�l�,� �C�o�w�a�n� �a�c�c�e�p�t�s� �t�h�e� �s�t�r�i�k�i�n�g� �i�m�p�a�c�t� �o�f� 

�"�n�o�n�h�u�m�a�n� �e�n�e�r�g�y� �s�o�u�r�c�e�s�"� �o�n� �m�o�d�e�r�n� �h�o�u�s�e�w�o�r�k�. �� 

� � 

�8�T�h�o�r�s�t�e�i�n� �V�e�b�l�e�n�,� �T�h�e� �T�h�e�o�r�y� �o�f� �t�h�e� �L�e�i�s�u�r�e� �C�l�a�s�s�:� �A�n� �E�c�o�n�o�m�i�c� �S�t�u�d�y� �o�f� �I�n�s�t�i�t�u�t�i�o�n�s� �(�N�e�w� �Y�o�r�k�:� �M�o�d�e�r�n� 
�L�i�b�r�a�r�y�,� �1�9�3�4�)�,� �p�p�.� �3�5�-�1�0�1� �a�n�d� �3�5�3�-�3�6�6�,� �e�s�p�.� �p�p�.� �6�8�,� �1�1�1�.� 

�°�R�u�t�h� �S�c�h�w�a�r�t�z� �C�o�w�a�n�,� �M�o�r�e� �W�o�r�k� �f�o�r� �M�o�t�h�e�r�:� �T�h�e� �I�r�o�n�i�e�s� �o�f� �H�o�u�s�e�h�o�l�d� �T�e�c�h�n�o�l�o�g�y� �f�r�o�m� �t�h�e� �O�p�e�n� 
�H�e�a�r�t�h� �t�o� �t�h�e� �M�i�c�r�o�w�a�v�e� �(�N�e�w� �Y�o�r�k�,� �B�a�s�i�c� �B�o�o�k�s�,� �I�n�c�.�,� �1�9�8�3�)�,� �p�p�.� �6�9�-�7�1�,� �9�9�-�1�0�1�.� �I�n� �s�o�m�e� �p�a�s�s�a�g�e�s�,� �C�o�w�a�n� 
�a�n�d� �V�e�b�l�e�n� �a�g�r�e�e�.� �C�o�m�p�a�r�e� �V�e�b�l�e�n�:� �"�t�h�e� �d�u�t�i�e�s� �p�e�r�f�o�r�m�e�d� �b�y� �t�h�e� �l�a�d�y�,� �o�r� �b�y� �t�h�e� �h�o�u�s�e�h�o�l�d�.�.�.� �a�r�e� �f�r�e�q�u�e�n�t�l�y� 
�a�r�d�u�o�u�s� �e�n�o�u�g�h�.�.�.� �B�u�t� �m�u�c�h� �o�f� �t�h�e� �s�e�r�v�i�c�e�s� �c�l�a�s�s�i�f�i�e�d� �a�s� �h�o�u�s�e�h�o�l�d� �c�a�r�e�s� �i�n� �m�o�d�e�r�n� �e�v�e�r�y�d�a�y� �l�i�f�e�.�.�.� �a�r�e� �o�f� �a� 
�c�e�r�e�m�o�n�i�a�l� �c�h�a�r�a�c�t�e�r�.�.�.� �T�h�e�y� �m�a�y� �b�e� �.�.�.�i�m�p�e�r�a�t�i�v�e�l�y� �n�e�c�e�s�s�a�r�y� �f�r�o�m� �t�h�e� �p�o�i�n�t� �o�f� �v�i�e�w� �o�f� �d�e�c�e�n�t� �e�x�i�s�t�e�n�c�e�;� �t�h�e�y� 
�m�a�y� �b�e�.�.�.� �r�e�q�u�i�s�i�t�e� �f�o�r� �p�e�r�s�o�n�a�l� �c�o�m�f�o�r�t� �e�v�e�n�.�.�.� �B�u�t� �.�.�.�t�h�e�y� �a�r�e� �i�m�p�e�r�a�t�i�v�e� �a�n�d� �r�e�q�u�i�s�i�t�e� �b�e�c�a�u�s�e� �w�e� �h�a�v�e� �b�e�e�n� 
�t�a�u�g�h�t� �t�o� �r�e�q�u�i�r�e� �t�h�e�m� �u�n�d�e�r� �p�a�i�n� �o�f� �c�e�r�e�m�o�n�i�a�l� �u�n�c�l�e�a�n�n�e�s�s� �o�r� �u�n�w�o�r�t�h�i�n�e�s�s� �(�5�8�)�.�"� �A�n�d� �C�o�w�a�n�:� �"�T�h�e�s�e� �r�u�l�e�s� 
�w�e�r�e� �p�a�s�s�e�d� �d�o�w�n� �t�o� �u�s� �b�y� �m�e�m�b�e�r�s� �o�f� �a�n� �e�a�r�l�i�e�r� �g�e�n�e�r�a�t�i�o�n� �(�o�u�r� �p�a�r�e�n�t�s�)� �a�n�d� �s�p�r�a�n�g� �f�r�o�m� �a� �f�e�a�r� �o�f� �t�h�e� 
�d�e�p�r�i�v�a�t�i�o�n�s� �t�h�a�t� �p�o�v�e�r�t�y� �e�n�g�e�n�d�e�r�s� �a�n�d� �f�r�o�m� �a� �d�e�s�i�r�e� �e�i�t�h�e�r� �t�o� �r�i�s�e� �a�b�o�v�e� �t�h�o�s�e� �d�e�p�r�i�v�a�t�i�o�n�s� �o�r� �s�t�a�v�e� �t�h�e�m� �o�f�f� 
�(�2�1�4�)�.�"� 
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�D�a�v�i�d� �N�y�e�,� �i�n� �a� �p�e�n�e�t�r�a�t�i�n�g� �h�i�s�t�o�r�y� �o�f� �e�l�e�c�t�r�i�f�i�c�a�t�i�o�n� �i�n� �d�a�i�l�y� �l�i�f�e�,� �d�e�p�i�c�t�s� �v�i�r�t�u�a�l�l�y� �a�l�l� 

�A�m�e�r�i�c�a�n�s� �w�e�l�c�o�m�i�n�g� �e�l�e�c�t�r�i�c�i�t�y�,� �w�h�i�c�h� �s�e�e�m�e�d� �t�o� �h�e�r�a�l�d� �a� �d�a�w�n�i�n�g� �a�g�e� �o�f� �e�a�s�e� �a�n�d� 

�p�r�o�g�r�e�s�s�.� �B�u�t� �N�y�e� �a�l�s�o� �s�u�g�g�e�s�t�s� �t�h�e� �a�l�i�e�n�a�t�i�n�g� �n�a�t�u�r�e� �o�f� �m�o�d�e�r�n� �t�e�c�h�n�o�l�o�g�y�,� �w�r�i�t�i�n�g� �t�h�a�t� 

�e�l�e�c�t�r�i�c� �w�o�r�k� �w�a�s� �"�n�o� �l�o�n�g�e�r� �e�n�t�i�r�e�l�y� �c�o�m�p�r�e�h�e�n�s�i�b�l�e�.�"� �N�y�e� �s�u�g�g�e�s�t�s� �t�h�a�t� �w�o�m�e�n� �i�n� 

�p�a�r�t�i�c�u�l�a�r�,� �w�h�o� �o�n�c�e� �u�n�d�e�r�s�t�o�o�d� �a�l�l� �a�s�p�e�c�t�s� �o�f� �h�o�m�e�m�a�k�i�n�g�,� �w�i�t�n�e�s�s�e�d� �t�h�e� �i�n�c�r�e�a�s�i�n�g� 

�m�y�s�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e�i�r� �l�i�v�e�s�.�*�°� 

�E�l�e�c�t�r�i�f�i�c�a�t�i�o�n� �c�h�a�n�g�e�d� �t�h�e� �h�o�u�s�e�h�o�l�d�s� �i�t� �e�n�t�e�r�e�d�.� �A�l�m�o�s�t� �w�i�t�h�o�u�t� �e�x�c�e�p�t�i�o�n�,� �t�h�o�s�e� 

�w�h�o� �b�e�n�e�f�i�t�t�e�d� �p�r�o�n�o�u�n�c�e�d� �i�t� �a� �g�o�o�d� �t�h�i�n�g�.� �H�o�w�e�v�e�r�,� �t�h�e� �t�i�d�e� �o�f� �e�l�e�c�t�r�i�f�i�c�a�t�i�o�n�,� �w�i�t�h� �i�t�s� 

�s�o�c�i�a�l� �c�h�a�n�g�e�s� �a�n�d� �t�r�a�d�e�-�o�f�f�s�,� �r�o�s�e� �u�n�e�v�e�n�l�y� �a�c�r�o�s�s� �A�m�e�r�i�c�a�.� �I�n� �1�9�0�7�,� �t�w�e�n�t�y�-�f�i�v�e� �y�e�a�r�s� 

�a�f�t�e�r� �T�h�o�m�a�s� �E�d�i�s�o�n� �o�p�e�n�e�d� �h�i�s� �f�i�r�s�t� �c�e�n�t�r�a�l� �g�e�n�e�r�a�t�i�n�g� �s�t�a�t�i�o�n� �o�n� �N�e�w� �Y�o�r�k� �C�i�t�y ��s� �P�e�a�r�l� 

�S�t�r�e�e�t�,� �8�.�0�%� �o�f� �u�r�b�a�n� �h�o�m�e�s� �a�n�d� �a� �m�i�n�u�s�c�u�l�e� �b�u�t� �u�n�c�o�u�n�t�e�d� �f�r�a�c�t�i�o�n� �o�f� �A�m�e�r�i�c�a�n� �f�a�r�m�s� 

�e�n�j�o�y�e�d� �u�t�i�l�i�t�y�-�g�e�n�e�r�a�t�e�d� �e�l�e�c�t�r�i�c�i�t�y�.� �B�y� �1�9�2�0�,� �t�h�e� �r�e�l�a�t�i�v�e� �n�u�m�b�e�r�s� �r�o�s�e� �t�o� �4�7�.�4� �o�f� �u�r�b�a�n� 

�h�o�m�e�s� �a�n�d� �1�.�6�%� �o�f� �f�a�r�m�s�;� �b�y� �1�9�3�0�,� �t�o� �8�4�.�8�%� �a�n�d� �1�0�.�4�%�.� �A�d�d�i�n�g� �t�o� �t�h�e� �d�i�s�p�a�r�i�t�y�,� �e�l�e�c�t�r�i�c� 

�c�o�m�p�a�n�i�e�s� �m�i�g�h�t� �c�h�a�r�g�e� �r�u�r�a�l� �c�u�s�t�o�m�e�r�s� �d�o�u�b�l�e� �t�h�e� �r�a�t�e� �f�o�r� �u�r�b�a�n� �s�e�r�v�i�c�e�,� �a�n�d�,� �a�s� �o�n�e� 

�h�i�s�t�o�r�i�a�n� �p�u�t� �i�t� �i�n� �a� �d�i�s�s�e�r�t�a�t�i�o�n� �o�n� �r�u�r�a�l� �e�l�e�c�t�r�i�f�i�c�a�t�i�o�n�,� �t�h�e� �n�u�m�b�e�r� �o�f� �e�l�e�c�t�r�i�f�i�e�d� �f�a�r�m�s� 

�c�l�i�m�b�e�d� �"�o�n�l�y� �w�i�t�h� �a�g�o�n�i�z�i�n�g� �s�l�o�w�n�e�s�s�.�"�*�!� 

�F�o�r� �a� �n�u�m�b�e�r� �o�f� �r�e�a�s�o�n�s�,� �t�h�e� �b�u�r�g�e�o�n�i�n�g� �A�m�e�r�i�c�a�n� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y� �i�n�d�u�s�t�r�y� �i�g�n�o�r�e�d� 

�t�h�e� �r�u�r�a�l� �m�a�r�k�e�t�.� �P�o�p�u�l�a�r� �c�u�l�t�u�r�e� �p�o�r�t�r�a�y�e�d�-�-�o�r� �c�a�r�i�c�a�t�u�r�e�d�-�-�r�u�r�a�l� �A�m�e�r�i�c�a� �a�s� 

�u�n�s�o�p�h�i�s�t�i�c�a�t�e�d�,� �c�o�n�s�e�r�v�a�t�i�v�e�,� �a�n�d� �r�e�s�i�s�t�a�n�t� �t�o� �n�e�w� �t�e�c�h�n�o�l�o�g�y�.� �A�t� �t�h�e� �s�a�m�e� �t�i�m�e�,� �m�a�n�y� 

�A�m�e�r�i�c�a�n�s� �r�e�t�a�i�n�e�d� �T�h�o�m�a�s� �J�e�f�f�e�r�s�o�n ��s� �f�a�i�t�h� �t�h�a�t� �A�m�e�r�i�c�a ��s� �f�a�r�m�s� �s�a�f�e�g�u�a�r�d�e�d� �t�h�e� �n�a�t�i�o�n ��s� 

�m�o�r�a�l� �c�e�n�t�e�r�,� �i�n� �i�s�o�l�a�t�i�o�n� �f�r�o�m� �t�h�e� �d�a�n�g�e�r�s� �o�f� �"�p�r�o�g�r�e�s�s�.�"� �A�l�t�h�o�u�g�h� �e�x�p�e�r�i�m�e�n�t�e�r�s� �f�i�r�s�t� 

�a�p�p�l�i�e�d� �e�l�e�c�t�r�i�c� �p�o�w�e�r� �t�o� �f�a�r�m� �l�a�b�o�r� �i�n� �t�h�e� �1�8�9�0�s�,� �s�o�m�e� �A�m�e�r�i�c�a�n�s� �d�o�u�b�t�e�d� �t�h�a�t� �e�v�e�n� 

� � 

�N�y�e�,� �E�l�e�c�t�r�i�f�y�i�n�g� �A�m�e�r�i�c�a�,� �p�.� �2�8�0�.� 

 ��H�u�g�h�e�s�,� �N�e�t�w�o�r�k�s� �o�f� �P�o�w�e�r�,� �p�p�.� �4�0�-�4�5�;� �M�a�r�k� �C�.� �S�t�a�u�t�e�r�,� �"�T�h�e� �R�u�r�a�l� �E�l�e�c�t�r�i�f�i�c�a�t�i�o�n� �A�d�m�i�n�i�s�t�r�a�t�i�o�n�,� �1�9�3�5�-� 
�1�9�4�5�:� �A� �N�e�w� �D�e�a�l� �C�a�s�e� �S�t�u�d�y�,�"� �(�P�h�.�D�.� �d�i�s�s�.�,� �D�u�k�e� �U�n�i�v�e�r�s�i�t�y�,� �1�9�7�3�)�,� �p�.� �5�;� �N�y�e�,� �E�l�e�c�t�r�i�f�y�i�n�g� �A�m�e�r�i�c�a�,� �p�p�.� �2�8�7�,� 
�2�6�1�,� �2�3�9�;� �U�.�S�.� �B�u�r�e�a�u� �o�f� �t�h�e� �C�e�n�s�u�s�,� �H�i�s�t�o�r�i�c�a�l� �S�t�a�t�i�s�t�i�c�s� �o�f� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�:� �C�o�l�o�n�i�a�l� �T�i�m�e�s� �t�o� �1�9�7�0�,� �P�a�r�t� �2� 
�(�W�a�s�h�i�n�g�t�o�n�,� �D�C�:� �U�.�S�.� �G�o�v�e�r�n�m�e�n�t� �P�r�i�n�t�i�n�g� �O�f�f�i�c�e�,� �1�9�7�3�)�,� �S�/�1�0�9�-�S�/�I�1�1�.� 

�4�4



�e�l�e�c�t�r�i�f�i�c�a�t�i�o�n� �c�o�u�l�d� �r�a�t�i�o�n�a�l�i�z�e� �t�h�e� �f�a�r�m�,� �w�h�i�l�e� �o�t�h�e�r�s� �f�e�l�t� �t�h�a�t� �f�a�r�m�s� �s�h�o�u�l�d� �r�e�m�a�i�n� �"�m�o�r�a�l�l�y� 
�p�u�r�e� �1�3�2� 

�E�c�o�n�o�m�i�c� �a�n�d� �d�e�m�o�g�r�a�p�h�i�c� �f�a�c�t�o�r�s� �f�u�r�t�h�e�r� �d�i�s�c�o�u�r�a�g�e�d� �u�t�i�l�i�t�i�e�s� �f�r�o�m� �e�x�t�e�n�d�i�n�g� 

�s�e�r�v�i�c�e� �t�o� �r�u�r�a�l� �d�i�s�t�r�i�c�t�s�.� �B�u�i�l�d�i�n�g� �a� �l�o�n�g� �t�r�a�n�s�m�i�s�s�i�o�n� �l�i�n�e� �a�n�d� �a�n� �e�x�t�e�n�s�i�v�e� �d�i�s�t�r�i�b�u�t�i�o�n� 

�n�e�t�w�o�r�k� �t�o� �s�e�r�v�e� �l�o�n�e�l�y� �f�a�r�m�s� �e�a�r�n�e�d� �u�t�i�l�i�t�i�e�s� �l�e�s�s� �p�r�o�f�i�t� �t�h�a�n� �u�r�b�a�n� �e�l�e�c�t�r�i�f�i�c�a�t�i�o�n�,� �w�h�e�r�e� 

�l�a�r�g�e� �n�u�m�b�e�r�s� �o�f� �c�l�o�s�e�l�y� �g�r�o�u�p�e�d� �c�u�s�t�o�m�e�r�s� �s�h�a�r�e�d� �f�i�x�e�d� �d�i�s�t�r�i�b�u�t�i�o�n� �c�o�s�t�s�.� �R�a�t�h�e�r� �t�h�a�n� �s�e�l�l� 

�t�o� �s�c�a�t�t�e�r�e�d� �f�a�r�m�e�r�s�-�-�w�h�o�m� �t�h�e�y� �c�o�n�s�i�d�e�r�e�d� �t�o�o� �p�o�o�r� �t�o� �b�u�y� �l�a�r�g�e� �a�m�o�u�n�t�s� �o�f� �e�l�e�c�t�r�i�c�i�t�y� 

�a�n�y�h�o�w�-�-�t�h�e� �e�l�e�c�t�r�i�c� �i�n�d�u�s�t�r�y� �p�u�r�s�u�e�d� �o�b�v�i�o�u�s� �e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e� �b�y� �s�e�l�l�i�n�g� �t�o� �d�e�n�s�e� 

�p�o�p�u�l�a�t�i�o�n� �c�e�n�t�e�r�s�.� �A�n�d�,� �a�s� �h�i�s�t�o�r�i�a�n� �T�h�o�m�a�s� �H�u�g�h�e�s� �p�o�i�n�t�s� �o�u�t� �i�n� �h�i�s� �c�l�a�s�s�i�c� �s�t�u�d�y� �o�f� �t�h�e� 

�c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �t�h�e� �A�m�e�r�i�c�a�n� �p�o�w�e�r� �n�e�t�w�o�r�k�,� �u�t�i�l�i�t�y� �e�n�g�i�n�e�e�r�s� �a�n�d� �m�a�n�a�g�e�r�s� �j�u�s�t�i�f�i�e�d� �t�h�e�i�r� 

�s�t�a�n�c�e� �b�y� �a�p�p�e�a�l�i�n�g� �t�o� �p�e�r�v�a�s�i�v�e� �b�u�s�i�n�e�s�s� �i�d�e�o�l�o�g�y�;� �t�h�e�y� �c�o�n�s�i�d�e�r�e�d� �t�h�e� �e�x�t�e�n�s�i�o�n� �o�f� �s�e�r�v�i�c�e� 

�t�o� �t�h�o�s�e� �u�n�a�b�l�e� �t�o� �p�a�y� �"�a� �m�a�t�t�e�r� �o�f� �s�o�c�i�a�l� �r�e�f�o�r�m�,� �n�o�t� �t�h�e� �b�u�s�i�n�e�s�s� �o�f� �p�r�i�v�a�t�e� �e�n�t�e�r�p�r�i�s�e�.�"� �I�n� 

�a�n�y� �c�a�s�e�,� �w�i�t�h� �l�e�s�s� �t�h�a�n� �h�a�l�f� �o�f� �c�i�t�y� �h�o�m�e�s� �s�e�r�v�e�d� �i�n� �1�9�2�0�,� �u�t�i�l�i�t�i�e�s� �h�a�d� �h�a�r�d�l�y� �s�a�t�u�r�a�t�e�d� �t�h�e� 

�u�r�b�a�n� �m�a�r�k�e�t�.� �T�h�e� �f�a�r�m�e�r�s� �w�o�u�l�d� �h�a�v�e� �t�o� �w�a�i�t�. ��?� 

�F�a�r�m�e�r�s� �c�r�a�v�i�n�g� �e�l�e�c�t�r�i�c� �s�e�r�v�i�c�e� �h�a�d� �f�e�w� �c�h�o�i�c�e�s�.� �T�h�e�y� �m�i�g�h�t� �p�a�y� �t�h�e� �u�t�i�l�i�t�i�e�s �� �s�t�i�f�f� 

�i�n�s�t�a�l�l�a�t�i�o�n� �c�h�a�r�g�e�,� �a�n�d� �h�i�g�h� �r�a�t�e�s� �t�h�e�r�e�a�f�t�e�r�.� �O�r�,� �t�h�e�y� �m�i�g�h�t� �f�o�r�m� �c�o�o�p�e�r�a�t�i�v�e�s�;� �b�y� �1�9�2�3�,� 

�t�h�i�r�t�y�-�o�n�e� �g�r�o�u�p�s� �o�f� �f�a�r�m�e�r�s� �i�n� �n�i�n�e� �s�t�a�t�e�s� �h�a�d� �p�o�o�l�e�d� �r�e�s�o�u�r�c�e�s� �t�o� �b�u�y� �p�o�w�e�r� �f�r�o�m� �l�o�c�a�l� 

�u�t�i�l�i�t�i�e�s� �a�n�d� �d�i�s�t�r�i�b�u�t�e� �i�t� �t�h�r�o�u�g�h� �t�h�e�i�r� �o�w�n� �n�e�t�w�o�r�k� �o�f� �l�i�n�e�s�.� �I�n� �a� �f�e�w� �c�a�s�e�s�,� �c�o�o�p�e�r�a�t�i�v�e�s� 

�e�v�e�n� �b�u�i�l�t� �t�h�e�i�r� �o�w�n� �g�e�n�e�r�a�t�i�n�g� �f�a�c�i�l�i�t�i�e�s�.�*�*� �O�r�,� �t�h�e� �f�a�r�m�e�r� �m�i�g�h�t� �c�o�n�t�i�n�u�e� �t�o� �r�i�s�e� �w�i�t�h� �t�h�e� 

�s�u�n�,� �d�e�p�e�n�d�i�n�g� �o�n� �k�e�r�o�s�e�n�e� �f�o�r� �l�i�g�h�t�.� �A� �s�i�g�n�i�f�i�c�a�n�t� �n�u�m�b�e�r�,� �h�o�w�e�v�e�r�,� �t�u�r�n�e�d� �t�o� �w�i�n�d�,� �w�a�t�e�r� 

�a�n�d� �g�a�s�o�l�i�n�e� �g�e�n�e�r�a�t�o�r�s� �t�o� �p�r�o�d�u�c�e� �t�h�e�i�r� �o�w�n� �e�l�e�c�t�r�i�c�i�t�y�.� 

� � 

�A�b�r�a�m� �J�.� �F�o�s�t�e�r�,� �T�h�e� �C�o�m�i�n�g� �o�f� �t�h�e� �E�l�e�c�t�r�i�c�a�l� �A�g�e� �t�o� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� �(�N�e�w� �Y�o�r�k�:� �A�m�o� �P�r�e�s�s�,� �1�9�7�9� �[�f�r�o�m� 
�1�9�5�2� �d�i�s�s�e�r�t�a�t�i�o�n�]�)�,� �p�p�.� �3�1�8�-�3�2�2�;� �N�y�e�,� �E�l�e�c�t�r�i�f�y�i�n�g� �A�m�e�r�i�c�a�,� �p�p�.� �2�8�7�-�2�9�1�.� 

�3�S�t�a�u�t�e�r�,� �"�R�u�r�a�l� �E�l�e�c�t�r�i�f�i�c�a�t�i�o�n�,�"� �p�p�.� �2�-�3�;� �B�u�r�e�a�u� �o�f� �t�h�e� �C�e�n�s�u�s�,� �H�i�s�t�o�r�i�c�a�l� �S�t�a�t�i�s�t�i�c�s�,� �S�/�1�1�1�;� �H�u�g�h�e�s�,� 
�N�e�t�w�o�r�k�s� �o�f� �P�o�w�e�r�,� �p�.� �4�6�4�.� �U�t�i�l�i�t�i�e�s� �a�l�s�o� �s�o�u�g�h�t� �b�a�l�a�n�c�e�d� �d�e�m�a�n�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �d�a�y� �a�n�d� �y�e�a�r�.� �I�n� �t�h�e� �c�i�t�i�e�s�,� 
�p�u�b�l�i�c� �l�i�g�h�t�i�n�g� �a�n�d� �e�v�e�n�i�n�g� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �r�e�d�u�c�e�d� �t�h�e� �t�i�m�e� �w�h�i�c�h� �g�e�n�e�r�a�t�i�n�g� �e�q�u�i�p�m�e�n�t�,� �u�s�e�d� �d�u�r�i�n�g� �t�h�e� �d�a�y� �t�o� 
�s�u�p�p�l�y� �f�a�c�t�o�r�i�e�s� �a�n�d� �h�o�m�e�s�,� �s�a�t� �i�d�l�e�.� �N�y�e�,� �E�l�e�c�t�r�i�f�y�i�n�g� �A�m�e�r�i�c�a�,� �p�p�.� �2�9�2�-�2�9�4�.� 

�4�S�t�a�u�t�e�r�,� �"�R�u�r�a�l� �E�l�e�c�t�r�i�f�i�c�a�t�i�o�n�,�"� �p�.� �4�.� 
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�W�i�n�d�m�i�l�l�s� �f�o�r� �E�l�e�c�t�r�i�c�i�t�y� 

�I�n� �t�h�e� �e�a�r�l�y� �1�9�2�0�s�,� �r�u�r�a�l� �A�m�e�r�i�c�a� �e�m�e�r�g�e�d� �f�r�o�m� �i�t�s� �i�s�o�l�a�t�i�o�n�,� �d�u�e� �p�a�r�t�l�y� �t�o� �t�h�e� 

�i�n�f�l�u�e�n�c�e� �o�f� �r�e�t�u�r�n�i�n�g� �d�o�u�g�h�b�o�y�s� �w�h�o� �h�a�d� �s�e�e�n� �"�G�a�y� �P�a�r�e�e�"� �i�n� �t�h�e� �E�u�r�o�p�e�a�n� �w�a�r�.� �F�a�r�m� 

�f�a�m�i�l�i�e�s� �w�a�n�t�e�d� �e�l�e�c�t�r�i�c�i�t�y� �f�o�r� �l�i�g�h�t� �a�n�d� �t�o� �o�p�e�r�a�t�e� �r�a�d�i�o� �r�e�c�e�i�v�e�r�s�,� �w�h�i�c�h� �c�o�n�n�e�c�t�e�d� �t�h�e�m� �t�o� 

�n�e�a�r�b�y� �c�i�t�i�e�s�.� �W�h�e�r�e� �c�e�n�t�r�a�l� �s�t�a�t�i�o�n� �s�e�r�v�i�c�e� �p�r�o�v�e�d� �o�u�t� �o�f� �r�e�a�c�h�,� �t�h�e� �p�e�r�v�a�s�i�v�e� �w�i�n�d�p�u�m�p�s� 

�p�r�o�v�i�d�e�d� �a� �c�l�u�e�;� �p�e�r�h�a�p�s� �o�n�e� �c�o�u�l�d� �t�r�a�n�s�f�o�r�m� �t�h�e�i�r� �r�o�t�a�r�y� �p�o�w�e�r� �t�o� �e�l�e�c�t�r�i�c� �p�o�w�e�r�.� 

�I�n� �f�a�c�t�,� �t�h�e� �w�i�n�d�p�u�m�p�s �� �m�u�l�t�i�-�b�l�a�d�e�d� �w�h�e�e�l�s� �t�u�r�n�e�d� �t�o�o� �s�l�o�w�l�y� �t�o� �g�e�n�e�r�a�t�e� 

�e�l�e�c�t�r�i�c�i�t�y�.� �E�x�p�e�r�i�m�e�n�t�e�r�s� �r�e�p�l�a�c�e�d� �t�h�e� �w�h�e�e�l�s� �w�i�t�h� �a�i�r�p�l�a�n�e� �p�r�o�p�e�l�l�e�r�s�,� �w�h�i�c�h� �t�u�r�n�e�d� �m�o�r�e� 

�s�w�i�f�t�l�y�.� �I�f� �t�h�e�y� �c�o�u�l�d� �n�o�t� �g�e�t� �a� �r�e�a�l� �p�r�o�p�e�l�l�e�r�,� �a� �c�a�r�v�e�d� �w�o�o�d�e�n� �o�n�e� �d�i�d� �t�h�e� �t�r�i�c�k�.� �T�h�u�s� 

�e�q�u�i�p�p�e�d�,� �t�h�e� �s�h�a�f�t� �c�o�u�l�d� �t�u�r�n� �e�i�t�h�e�r� �a� �g�e�n�e�r�a�t�o�r�,� �r�o�t�a�t�i�n�g� �t�h�e� �a�r�m�a�t�u�r�e� �i�n�s�i�d�e� �a� �s�e�t� �o�f� �c�o�i�l�s� �t�o� 

�p�r�o�d�u�c�e� �d�i�r�e�c�t� �c�u�r�r�e�n�t�,� �o�r� �a�n� �a�l�t�e�r�n�a�t�o�r�,� �r�o�t�a�t�i�n�g� �t�h�e� �f�i�e�l�d� �t�o� �p�r�o�d�u�c�e� �a�l�t�e�r�n�a�t�i�n�g� �c�u�r�r�e�n�t�.� 

�W�i�n�d� �t�i�n�k�e�r�e�r�s� �a�l�s�o� �f�o�u�n�d� �t�h�a�t� �e�l�e�c�t�r�i�c�i�t�y� �p�r�o�d�u�c�t�i�o�n� �r�e�q�u�i�r�e�d� �a� �b�a�t�t�e�r�y� �s�t�o�r�a�g�e� �s�y�s�t�e�m�,� 

�u�n�l�i�k�e� �t�h�e�i�r� �o�l�d� �w�a�t�e�r� �p�u�m�p�s�,� �w�h�i�c�h� �r�a�i�s�e�d� �w�a�t�e�r� �t�o� �a� �t�a�n�k� �f�o�r� �u�s�e� �w�h�e�n� �t�h�e� �w�i�n�d� �d�i�e�d� 

�d�o�w�n�.� �(�U�n�f�o�r�t�u�n�a�t�e�l�y�,� �t�h�e�y� �a�l�s�o� �f�o�u�n�d� �t�h�e� �b�a�t�t�e�r�i�e�s� �o�f� �t�h�e� �d�a�y� �e�x�p�e�n�s�i�v�e� �a�n�d� �i�n�c�a�p�a�b�l�e� �o�f� 

�h�o�l�d�i�n�g� �a� �c�h�a�r�g�e� �f�o�r� �l�o�n�g� �p�e�r�i�o�d�s�.�)� �P�a�r�t�s� �c�o�s�t� �f�i�v�e� �d�o�l�l�a�r�s� �o�r� �s�o�,� �a�n�d� �i�n� �s�o�m�e� �s�t�a�t�e�s� �t�h�e� �l�o�c�a�l� 

�e�x�t�e�n�s�i�o�n� �o�f�f�i�c�e� �p�u�b�l�i�s�h�e�d� �i�n�s�t�r�u�c�t�i�o�n�s�.� �*� 

�I�n� �r�e�s�p�o�n�s�e� �t�o� �g�r�o�w�i�n�g� �i�n�t�e�r�e�s�t�,� �e�n�t�r�e�p�r�e�n�e�u�r�s� �m�a�r�k�e�t�e�d� �"�a�e�r�o�g�e�n�e�r�a�t�o�r�s�.�"� �M�a�r�c�e�l�l�u�s� 

�J�a�c�o�b�s� �m�a�n�u�f�a�c�t�u�r�e�d� �t�h�e� �m�o�s�t� �f�a�m�o�u�s�,� �a� �2�.�5�-�k�i�l�o�w�a�t�t�*�®� �(�k�W�)� �m�o�d�e�l� �w�i�t�h� �a� �r�o�t�o�r� �d�i�a�m�e�t�e�r� 

� � 

�*�>�K�o�v�a�r�i�k�,� �P�i�p�h�e�r� �a�n�d� �H�u�r�s�t�,� �W�i�n�d� �E�n�e�r�g�y� �p�.� �1�1�;� �I�n�g�l�i�s�,� �W�i�n�d� �P�o�w�e�r�,� �p�p�.� �2�4�-�2�5�;� �J�o�n� �N�a�a�r�,� �T�h�e� �N�e�w� �W�i�n�d� 
�P�o�w�e�r�.� �A� �t�i�m�e�l�y� �f�i�r�s�t�h�a�n�d� �r�e�p�o�r�t� �o�n� �h�o�w� �b�u�s�i�n�e�s�s�,� �g�o�v�e�r�n�m�e�n�t�,� �a�n�d� �i�n�d�e�p�e�n�d�e�n�t� �r�e�s�e�a�r�c�h� �a�r�e� �c�r�e�a�t�i�n�g� �a� �n�e�w� 
�e�n�e�r�g�y� �i�n�d�u�s�t�r�y� �(�H�a�m�m�o�n�d�s�w�o�r�t�h�:� �P�e�n�g�u�i�n� �B�o�o�k�s�,� �1�9�8�2�)�,� �p�.� �4�8�.� 

�*�*�P�h�y�s�i�c�i�s�t�s� �m�e�a�s�u�r�e� �e�l�e�c�t�r�i�c� �p�o�w�e�r� �i�n� �u�n�i�t�s� �c�a�l�l�e�d� �w�a�t�t�s�,� �a�f�t�e�r� �J�a�m�e�s� �W�a�t�t�,� �i�n�v�e�n�t�o�r� �o�f� �t�h�e� �s�t�e�a�m� �e�n�g�i�n�e�.� �A� 
�k�i�l�o�w�a�t�t� �(�k�W�)� �e�q�u�a�l�s� �o�n�e� �t�h�o�u�s�a�n�d� �w�a�t�t�s�;� �a� �m�e�g�a�w�a�t�t� �(�M�W�)�,� �o�n�e� �m�i�l�l�i�o�n� �w�a�t�t�s�;� �a� �g�i�g�a�w�a�t�t� �(�G�W�)�,� �o�n�e� �b�i�l�l�i�o�n�.� 
�E�n�g�i�n�e�e�r�s� �c�o�n�s�i�d�e�r� �a� �w�i�n�d� �t�u�r�b�i�n�e� �r�a�t�e�d� �a�t� �t�w�o� �k�W� �i�n� �w�i�n�d�s� �o�f� �a� �g�i�v�e�n� �s�t�r�e�n�g�t�h� �c�a�p�a�b�l�e� �o�f� �p�r�o�d�u�c�i�n�g� �t�w�o� �k�W� �o�f� 
�e�l�e�c�t�r�i�c� �p�o�w�e�r� �a�t� �a�n�y� �i�n�s�t�a�n�t�,� �a�l�t�h�o�u�g�h� �r�e�a�/� �p�o�w�e�r� �p�r�o�d�u�c�t�i�o�n� �d�e�p�e�n�d�s� �o�n� �t�h�e� �i�n�s�t�a�n�t�a�n�e�o�u�s� �s�p�e�e�d� �o�f� �t�h�e� �w�i�n�d�,� 
�a�n�d� �m�a�y� �b�e� �l�e�s�s� �o�r� �e�v�e�n� �m�o�r�e� �t�h�a�n� �t�w�o� �k�W�.� 

�T�o� �m�e�a�s�u�r�e� �t�h�e� �e�n�e�r�g�y� �(�w�o�r�k�)� �p�r�o�d�u�c�e�d� �b�y� �a� �t�u�r�b�i�n�e�,� �m�u�l�t�i�p�l�y� �t�h�e� �r�e�a�l� �p�o�w�e�r� �b�y� �a� �u�n�i�t� �o�f� �t�i�m�e�.� 
�K�i�l�o�w�a�t�t�-�h�o�u�r�s� �(�k�W�h�)� �t�y�p�i�c�a�l�l�y� �e�x�p�r�e�s�s� �t�h�e� �e�n�e�r�g�y� �p�r�o�d�u�c�e�d� �b�y� �w�i�n�d� �a�n�d� �o�t�h�e�r� �t�y�p�e�s� �o�f� �g�e�n�e�r�a�t�o�r�s�.� �T�h�u�s�,� �a� 
�t�u�r�b�i�n�e� �r�a�t�e�d� �t�o� �p�r�o�d�u�c�e� �t�w�o� �k�W� �i�n� �a� �g�i�v�e�n� �w�i�n�d� �p�r�o�d�u�c�e�s� �f�o�u�r� �k�W�h� �o�f� �e�n�e�r�g�y� �i�f� �i�t� �o�p�e�r�a�t�e�s� �i�n� �t�h�e� �s�a�m�e� �s�t�e�a�d�y� 
�w�i�n�d� �f�o�r� �t�w�o� �h�o�u�r�s�.� 

�P�o�w�e�r� �r�a�t�i�n�g�s� �c�a�n� �d�e�c�e�i�v�e�.� �O�n�e� �c�a�n� �i�n�c�r�e�a�s�e� �t�h�e� �r�a�t�i�n�g� �o�f� �a� �w�i�n�d� �t�u�r�b�i�n�e� �b�y� �s�u�b�s�t�i�t�u�t�i�n�g� �a� �l�a�r�g�e�r� 
�g�e�n�e�r�a�t�o�r�,� �b�u�t� �t�h�i�s� �w�i�l�l� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �b�o�o�s�t� �e�n�e�r�g�y� �p�r�o�d�u�c�t�i�o�n�.� �I�n� �g�e�n�e�r�a�l�,� �t�h�e� �e�n�e�r�g�y� �c�a�p�t�u�r�e�d� �a�n�d� �c�o�n�v�e�r�t�e�d� �t�o� 
�e�l�e�c�t�r�i�c�i�t�y� �d�e�p�e�n�d�s� �o�n� �w�i�n�d� �s�t�r�e�n�g�t�h�,� �r�o�t�o�r� �d�i�a�m�e�t�e�r�,� �a�n�d� �a�e�r�o�d�y�n�a�m�i�c� �a�n�d� �m�e�c�h�a�n�i�c�a�l� �e�f�f�i�c�i�e�n�c�y�.� 
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�o�f� �f�i�f�t�e�e�n� �f�e�e�t�.� �A� �n�o�v�i�c�e� �p�i�l�o�t�,� �J�a�c�o�b�s� �d�e�v�i�s�e�d� �a� �s�p�r�u�c�e� �p�r�o�p�e�l�l�e�r�-�s�t�y�l�e� �r�o�t�o�r�,� �t�u�r�n�i�n�g� �a�t� �1�2�5�-� 

�2�2�5� �r�e�v�o�l�u�t�i�o�n�s� �p�e�r� �m�i�n�u�t�e� �(�r�p�m�)�.� �I�n� �h�i�g�h� �w�i�n�d�s�,� �a� �f�l�y�b�a�l�l� �g�o�v�e�r�n�o�r� �a�u�t�o�m�a�t�i�c�a�l�l�y� �f�e�a�t�h�e�r�e�d� 

�(�i�.�e�.�,� �c�h�a�n�g�e�d� �t�h�e� �p�i�t�c�h� �o�f�)� �t�h�e� �b�l�a�d�e�s�.� �I�n� �a� �f�e�a�t�h�e�r�e�d� �p�o�s�i�t�i�o�n�,� �t�h�e�y� �e�x�p�o�s�e�d� �l�e�s�s� �s�u�r�f�a�c�e� 

�a�r�e�a� �t�o� �t�h�e� �w�i�n�d�,� �a�n�d� �r�o�t�a�t�i�o�n� �s�l�o�w�e�d�,� �p�r�e�v�e�n�t�i�n�g� �d�a�m�a�g�e� �d�u�e� �t�o� �o�v�e�r�s�p�e�e�d�.� �J�a�c�o�b�s� �a�l�s�o� 

�f�o�u�n�d� �t�h�a�t� �t�w�o�-�b�l�a�d�e�d� �r�o�t�o�r�s� �t�e�n�d�e�d� �t�o� �y�a�w � �� �i�n� �a� �s�e�r�i�e�s� �o�f� �j�e�r�k�s�;� �h�e� �e�x�p�l�a�i�n�e�d� �l�a�t�e�r� �t�h�a�t� 

�t�h�i�s� �c�o�n�f�i�g�u�r�a�t�i�o�n�,� �w�h�e�n� �i�n� �a� �h�o�r�i�z�o�n�t�a�l� �p�o�s�i�t�i�o�n�,� �p�r�e�s�e�n�t�s� �c�e�n�t�r�i�f�u�g�a�l� �r�e�s�i�s�t�a�n�c�e� �t�o� �t�h�e� �y�a�w� 

�m�o�t�i�o�n�,� �c�a�u�s�i�n�g� �s�e�r�i�o�u�s� �s�t�r�u�c�t�u�r�a�l� �v�i�b�r�a�t�i�o�n�.� �B�y� �1�9�2�7�,� �h�e� �s�e�t�t�l�e�d� �o�n� �a� �t�h�r�e�e�-�b�l�a�d�e�d� �r�o�t�o�r�,� 

�w�h�i�c�h� �h�e� �p�r�o�m�o�t�e�d� �e�v�e�r� �a�f�t�e�r�.�*�*� 

�J�a�c�o�b�s �� �m�a�c�h�i�n�e�s� �c�o�s�t� �$�4�9�0� �a�p�i�e�c�e�,� �p�l�u�s� �$�3�6�5� �f�o�r� �a� �u�n�i�q�u�e� �g�l�a�s�s�-�c�e�l�l� �l�e�a�d�-�a�c�i�d� 

�b�a�t�t�e�r�y�,� �a�n�d� �$�1�7�5� �f�o�r� �a� �s�t�e�e�l� �t�o�w�e�r�.� �J�a�c�o�b�s� �e�s�t�i�m�a�t�e�d� �m�a�i�n�t�e�n�a�n�c�e� �c�o�s�t�s� �a�t� �u�n�d�e�r� �f�i�v�e� �d�o�l�l�a�r�s� 

�p�e�r� �y�e�a�r�,� �p�l�u�s� �a�b�o�u�t� �$�3�6� �p�e�r� �y�e�a�r� �t�o�w�a�r�d� �r�e�p�l�a�c�i�n�g� �t�h�e� �b�a�t�t�e�r�y�.� �F�r�o�m� �1�9�2�8� �t�o� �1�9�5�7�,� �h�i�s� 

�M�i�n�n�e�a�p�o�l�i�s� �f�a�c�t�o�r�y� �m�a�r�k�e�t�e�d� �a�e�r�o�g�e�n�e�r�a�t�o�r�s� �w�o�r�l�d�w�i�d�e�,� �g�e�n�e�r�a�t�i�n�g� �o�v�e�r� �$�7�5� �m�i�l�l�i�o�n� �i�n� 

�s�a�l�e�s�.� �T�h�e� �r�e�m�a�r�k�a�b�l�e� �m�a�c�h�i�n�e�s� �s�e�e�m�e�d� �i�n�d�e�s�t�r�u�c�t�i�b�l�e�;� �o�n�e� �e�r�e�c�t�e�d� �b�y� �t�h�e� �B�y�r�d� �E�x�p�e�d�i�t�i�o�n� 

�a�t� �t�h�e� �S�o�u�t�h� �P�o�l�e� �o�p�e�r�a�t�e�d� �f�o�r� �t�w�e�n�t�y�-�t�w�o� �y�e�a�r�s� �w�i�t�h� �n�o� �m�a�i�n�t�e�n�a�n�c�e� �a�t� �a�l�l�.� �J�a�c�o�b�s� �r�e�t�i�r�e�d� 

�i�n� �1�9�5�7� �d�u�e� �t�o� �e�b�b�i�n�g� �d�e�m�a�n�d� �f�o�r� �h�i�s� �p�r�o�d�u�c�t�,� �w�h�i�c�h� �h�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �s�u�c�c�e�s�s� �o�f� �t�h�e� 

�R�u�r�a�l� �E�l�e�c�t�r�i�f�i�c�a�t�i�o�n� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� �(�R�E�A�)� �i�n� �d�e�l�i�v�e�r�i�n�g� �c�h�e�a�p�,� �d�e�p�e�n�d�a�b�l�e� �c�e�n�t�r�a�l� �p�o�w�e�r�.� 

�I�n� �t�h�e� �1�9�7�0�s�,� �e�a�g�e�r� �n�e�o�p�h�y�t�e�s� �r�e�f�u�r�b�i�s�h�e�d� �o�l�d� �J�a�c�o�b�s� �m�a�c�h�i�n�e�s�,� �w�h�i�c�h� �m�i�g�h�t� �s�e�l�l� �f�o�r� �$�3�0�0�0� 

�(�n�o�t� �i�n�c�l�u�d�i�n�g� �t�o�w�e�r� �a�n�d� �b�a�t�t�e�r�i�e�s�)�.� �I�n� �r�e�s�p�o�n�s�e� �t�o� �s�u�c�h� �e�n�t�h�u�s�i�a�s�m�,� �J�a�c�o�b�s� �r�e�-�e�n�t�e�r�e�d� �t�h�e� 

�m�a�r�k�e�t�.�° �� 

�S�t�i�l�l�,� �C�a�r�o�l� �L�e�e ��s� �r�e�c�e�n�t� �d�i�s�s�e�r�t�a�t�i�o�n� �o�n� �d�e�c�e�n�t�r�a�l�i�z�e�d� �p�o�w�e�r� �g�e�n�e�r�a�t�i�o�n� �o�n� �A�m�e�r�i�c�a�n� 

�f�a�r�m�s� �c�o�n�t�e�n�d�s� �t�h�a�t� �f�e�w� �w�i�n�d� �p�l�a�n�t�s� �w�e�r�e� �e�v�e�r� �i�n�s�t�a�l�l�e�d�.� �"�W�i�n�d�-�g�e�n�e�r�a�t�e�d� �e�l�e�c�t�r�i�c�i�t�y�,�"� �s�h�e� 

�w�r�i�t�e�s�,� �"�n�e�v�e�r� �f�u�l�f�i�l�l�e�d� �t�h�e� �e�m�e�r�g�i�n�g� �e�x�p�e�c�t�a�t�i�o�n�s� �o�f� �t�h�e� �1�9�1�0�s� �a�n�d� �1�9�2�0�s� �f�o�r� �f�a�r�m� �p�o�w�e�r�.� 

� � 

�>�7�Y�a�w�,� �a�n� �a�v�i�a�t�i�o�n� �t�e�r�m�,� �r�e�f�e�r�s� �t�o� �r�o�t�a�t�i�o�n� �i�n� �t�h�e� �p�l�a�n�e� �p�a�r�a�l�l�e�l� �t�o� �t�h�e� �g�r�o�u�n�d�.� 

�E�l�d�r�i�d�g�e�,� �W�i�n�d� �M�a�c�h�i�n�e�s�,� �p�p�.� �2�2�-�2�4�;� �M�a�r�c�e�l�l�u�s� �L�.� �J�a�c�o�b�s�,� �"�E�x�p�e�r�i�e�n�c�e� �w�i�t�h� �J�a�c�o�b�s� �W�i�n�d�-�D�r�i�v�e�n� �E�l�e�c�t�r�i�c� 
�G�e�n�e�r�a�t�i�n�g� �P�l�a�n�t�,� �1�9�3�1�-�1�9�5�7�"� �i�n� �J�o�s�e�p�h� �M�.� �S�a�v�i�n�o� �(�e�d�.�)�,� �W�i�n�d� �E�n�e�r�g�y� �C�o�n�v�e�r�s�i�o�n� �S�y�s�t�e�m�s�:� �W�o�r�k�s�h�o�p� 
�P�r�o�c�e�e�d�i�n�g�s� �H�e�l�d� �a�t� �W�a�s�h�i�n�g�t�o�n�,� �D�C�,� �o�n� �1�1�-�1�3� �J�u�n�e� �1�9�7�3�,� �N�T�I�S� �N�S�F�-�R�A�-�W�-�7�3�-�0�0�6�,� �s�p�o�n�s�o�r�e�d� �b�y� �t�h�e� �N�S�F�,� 

�R�A�N�N� �a�n�d� �N�A�S�A�,� �p�p�.� �1�5�5�-�1�5�9�.� 

�W�i�l�s�o�n� �C�l�a�r�k�,� �E�n�e�r�g�y� �f�o�r� �S�u�r�v�i�v�a�l�:� �T�h�e� �A�l�t�e�r�n�a�t�i�v�e� �t�o� �E�x�t�i�n�c�t�i�o�n� �(�G�a�r�d�e�n� �C�i�t�y�,� �N�Y�:� �A�n�c�h�o�r� �B�o�o�k�s�,� �1�9�7�5�)�,� 
�p�p�.� �5�3�9�-�5�4�1�;� �T�o�r�r�e�y�,� �W�i�n�d�-�C�a�t�c�h�e�r�s�,� �p�p�.� �1�2�2�-�1�2�6�.� 
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�I�n� �t�h�e� �e�n�d�,� �b�o�t�h� �w�a�t�e�r�-� �a�n�d� �w�i�n�d�-�p�o�w�e�r�e�d� �p�l�a�n�t�s� �g�e�n�e�r�a�t�e�d� �m�o�r�e� �e�m�o�t�i�o�n� �t�h�a�n� �e�l�e�c�t�r�i�c�i�t�y�.�"� 

�W�h�i�l�e� �t�h�e� �s�e�c�o�n�d�a�r�y� �l�i�t�e�r�a�t�u�r�e� �l�e�a�v�e�s� �u�n�c�l�e�a�r� �t�h�e� �p�e�r�v�a�s�i�v�e�n�e�s�s� �o�r� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� 

�a�e�r�o�g�e�n�e�r�a�t�o�r�s�,� �i�t� �s�e�e�m�s� �t�h�a�t� �t�h�e�y� �b�r�i�e�f�l�y� �f�i�l�l�e�d� �a� �n�i�c�h�e� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �c�e�n�t�r�a�l� �s�t�a�t�i�o�n� 

�s�e�r�v�i�c�e�,� �b�u�t� �s�o�o�n� �d�i�s�a�p�p�e�a�r�e�d�.� �T�o�r�r�e�y� �f�o�u�n�d� �o�n�l�y� �o�n�e� �a�e�r�o�g�e�n�e�r�a�t�o�r�,� �t�h�e� �W�i�n�c�h�a�r�g�e�r�,� 

�p�r�o�d�u�c�e�d� �a�n�d� �s�o�l�d� �i�n� �A�m�e�r�i�c�a� �i�n� �t�h�e� �1�9�7�0�s�.�*�°� 

�W�h�y� �d�i�d� �a�e�r�o�g�e�n�e�r�a�t�o�r�s� �d�i�s�a�p�p�e�a�r�?� 

�A� �j�o�i�n�t� �r�e�p�o�r�t� �p�r�e�p�a�r�e�d� �i�n� �1�9�2�9� �b�y� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�i�e�s�,� �t�h�e� �F�a�r�m� �B�u�r�e�a�u� �a�n�d� �t�h�e� 

�D�e�p�a�r�t�m�e�n�t� �o�f� �A�g�r�i�c�u�l�t�u�r�e� �n�o�t�e�d� �t�h�a�t� �h�a�l�f� �o�f� �A�m�e�r�i�c�a ��s� �e�l�e�c�t�r�i�f�i�e�d� �f�a�r�m�s� �m�a�d�e� �t�h�e�i�r� �o�w�n� 

�e�l�e�c�t�r�i�c�i�t�y� �f�r�o�m� �h�y�d�r�o�p�o�w�e�r�,� �g�a�s�o�l�i�n�e� �e�n�g�i�n�e�s�,� �a�n�d� �w�i�n�d� �t�u�r�b�i�n�e�s�.� �T�h�e�s�e� �t�e�c�h�n�o�l�o�g�i�e�s� �f�a�i�l�e�d� 

�t�o� �p�e�r�s�i�s�t� �f�o�r� �c�l�e�a�r� �r�e�a�s�o�n�s�.� �U�t�i�l�i�t�y� �s�e�r�v�i�c�e�,� �w�h�e�n� �i�t� �f�i�n�a�l�l�y� �a�r�r�i�v�e�d�,� �p�r�o�v�e�d� �c�h�e�a�p�e�r�,� �m�o�r�e� 

�r�e�l�i�a�b�l�e�,� �l�e�s�s� �t�r�o�u�b�l�e�s�o�m�e�,� �a�n�d� �n�e�e�d�e�d� �n�o� �s�t�o�r�a�g�e�.� �E�v�e�n� �i�f� �t�h�e� �c�o�s�t� �o�f� �c�e�n�t�r�a�l� �p�o�w�e�r� �h�a�d� �n�o�t� 

�d�e�c�r�e�a�s�e�d�,� �L�e�e� �p�o�i�n�t�s� �o�u�t�,� �A�m�e�r�i�c�a�n�s� �f�o�u�n�d� �u�t�i�l�i�t�y� �s�e�r�v�i�c�e� �m�o�r�e� �c�o�n�v�e�n�i�e�n�t�.� �T�h�e� �s�p�r�e�a�d� �o�f� 

�c�e�n�t�r�a�l� �p�o�w�e�r� �a�c�r�o�s�s� �A�m�e�r�i�c�a� �"�r�e�l�e�g�a�t�e�d� �[�i�n�d�i�v�i�d�u�a�l� �g�e�n�e�r�a�t�i�n�g� �s�e�t�s�]� �t�o� �t�h�e� �s�t�a�t�u�s� �o�f� �a�n� 

�a�l�t�e�r�n�a�t�i�v�e� �t�e�c�h�n�o�l�o�g�y�.�.�.� �i�n�c�r�e�a�s�i�n�g�l�y� �a�c�c�e�p�t�a�b�l�e� �o�n�l�y� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �c�e�n�t�r�a�l� �s�t�a�t�i�o�n� �l�i�n�e�s�.�"� 

�F�i�n�a�l�l�y�,� �L�e�e� �n�o�t�e�s� �t�h�a�t� �l�a�r�g�e�-�s�c�a�l�e�,� �c�e�n�t�r�a�l� �s�t�a�t�i�o�n� �g�e�n�e�r�a�t�i�o�n� �s�e�i�z�e�d� �t�h�e� �i�m�a�g�i�n�a�t�i�o�n� �o�f� 

�e�n�g�i�n�e�e�r�s�,� �b�u�s�i�n�e�s�s�m�e�n� �a�n�d� �p�o�l�i�t�i�c�i�a�n�s�,� �b�e�c�o�m�i�n�g� �a� �s�y�m�b�o�l� �o�f� �A�m�e�r�i�c�a�n� �p�r�o�g�r�e�s�s�.�*�!� 

�T�h�e� �i�s�s�u�e� �o�f� �c�e�n�t�r�a�l�i�z�a�t�i�o�n�,� �s�o� �i�m�p�o�r�t�a�n�t� �t�o�d�a�y�,� �s�e�e�m�e�d� �l�e�s�s� �c�o�n�t�r�o�v�e�r�s�i�a�l� �a� �c�e�n�t�u�r�y� 

�a�g�o�.� �L�e�e� �n�o�t�e�s� �t�h�a�t� �t�h�e� �1�9�2�9� �s�t�u�d�y� �"�s�t�r�e�s�s�e�s� �t�h�a�t� �r�u�r�a�l� �e�l�e�c�t�r�i�f�i�c�a�t�i�o�n� �w�e�n�t� �b�e�y�o�n�d� �t�h�e� 

�p�o�l�i�t�i�c�a�l� �s�c�o�p�e� �o�f� �p�u�b�l�i�c� �p�o�w�e�r� �a�n�d� �b�e�y�o�n�d� �t�h�e� �t�e�c�h�n�i�c�a�l� �r�a�n�g�e� �o�f� �c�e�n�t�r�a�l� �s�t�a�t�i�o�n� �s�e�r�v�i�c�e�.�"� 

�T�h�a�t� �i�s�,� �s�o�m�e� �f�a�r�m�e�r�s� �e�l�e�c�t�r�i�f�i�e�d� �t�h�e�i�r� �f�a�r�m�s� �w�i�t�h�o�u�t� �t�h�e� �p�o�l�i�t�i�c�a�l� �s�u�p�p�o�r�t� �o�f� �c�e�n�t�r�a�l�i�z�e�d� 

�g�o�v�e�r�n�m�e�n�t�,� �o�r� �t�h�e� �t�e�c�h�n�o�l�o�g�y� �d�e�v�e�l�o�p�e�d� �b�y� �c�e�n�t�r�a�l�i�z�e�d� �u�t�i�l�i�t�i�e�s�.� �B�u�t� �A�m�e�r�i�c�a� �i�n� �t�h�e� �e�a�r�l�y� 

�t�w�e�n�t�i�e�t�h� �c�e�n�t�u�r�y� �t�r�e�a�t�e�d� �d�e�c�e�n�t�r�a�l�i�z�e�d� �p�o�w�e�r� �a�s� �o�b�v�i�o�u�s�l�y� �i�n�f�e�r�i�o�r� �t�o� �c�e�n�t�r�a�l� �s�e�r�v�i�c�e�,� �a�n� 

� � 

 ��T�o�r�r�e�y�,� �W�i�n�d�-�C�a�t�c�h�e�r�s�,� �p�p�.� �1�2�6�-�1�2�9�;� �C�a�r�o�l� �L�e�e�,� �"�W�i�r�e�d� �H�e�l�p� �f�o�r� �t�h�e� �F�a�r�m�:� �I�n�d�i�v�i�d�u�a�l� �E�l�e�c�t�r�i�c� �G�e�n�e�r�a�t�i�n�g� 
�S�e�t�s� �f�o�r� �F�a�r�m�s�,� �1�8�8�0�-�1�9�3�0�,�"� �(�P�h�.�D�.� �d�i�s�s�.�,� �T�h�e� �P�e�n�n�s�y�l�v�a�n�i�a� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�,� �1�9�8�9�)�,� �p�p�.� �1�2�1�,� �1�2�3�.� 

 ��L�e�e�,� �"�W�i�r�e�d� �H�e�l�p�,�"� �p�p�.� �2�1�5�-�2�2�2�.� 
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�o�p�t�i�o�n� �t�h�a�t� �o�n�e� �w�o�u�l�d� �o�n�l�y� �e�x�p�l�o�i�t� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �u�t�i�l�i�t�y� �s�e�r�v�i�c�e�.� �R�a�t�h�e�r� �t�h�a�n� �i�n�c�r�e�a�s�i�n�g� 

�c�e�n�t�r�a�l�i�z�a�t�i�o�n�,� �t�h�e� �m�a�i�n� �d�e�b�a�t�e� �o�f� �t�h�e� �d�a�y� �s�e�t� �p�r�i�v�a�t�e� �a�g�a�i�n�s�t� �p�u�b�l�i�c� �p�o�w�e�r�. �� 

�I�n� �1�9�2�8�,� �G�o�v�e�r�n�o�r� �G�i�f�f�o�r�d� �P�i�n�c�h�o�t� �o�f� �P�e�n�n�s�y�l�v�a�n�i�a� �p�u�b�l�i�s�h�e�d� �e�v�i�d�e�n�c�e� �t�h�a�t� �s�i�x� 

�f�i�n�a�n�c�i�a�l� �e�m�p�i�r�e�s�-�-�t�h�o�s�e� �o�f� �S�a�m�u�e�l� �I�n�s�u�l�l�,� �G�e�n�e�r�a�l� �E�l�e�c�t�r�i�c�,� �J�.�P�.� �M�o�r�g�a�n�,� �A�.�W�.� �M�e�l�l�o�n�,� �H�.�M�.� 

�B�y�l�l�e�s�b�y�,� �a�n�d� �H�e�n�r�y� �D�o�u�g�h�e�r�t�y�-�-�c�o�n�t�r�o�l�l�e�d� �t�w�o�-�t�h�i�r�d�s� �o�f� �t�h�e� �n�a�t�i�o�n ��s� �g�e�n�e�r�a�t�i�n�g� �c�a�p�a�c�i�t�y�.� 

�T�o�g�e�t�h�e�r�,� �h�e� �c�h�a�r�g�e�d�,� �t�h�e�y� �c�o�n�s�t�i�t�u�t�e�d� �"�a� �p�o�w�e�r� �m�o�n�o�p�o�l�y� �o�r�g�a�n�i�z�e�d� �a�n�d� �f�i�n�a�n�c�e�d� �t�o� �s�e�c�u�r�e� 

�t�h�e� �p�r�o�f�i�t�s� �o�f� �e�x�t�o�r�t�i�o�n� �b�y� �t�h�e� �a�r�r�o�g�a�n�t� �a�b�u�s�e� �o�f� �u�n�r�e�g�u�l�a�t�e�d�,� �u�n�r�e�s�t�r�a�i�n�e�d� �p�r�i�v�i�l�e�g�e�.�"� 

�W�o�r�r�i�e�d� �t�h�a�t� �A�m�e�r�i�c�a� �w�o�u�l�d� �e�n�t�e�r� �"�t�h�e� �g�r�e�a�t� �e�l�e�c�t�r�i�c� �e�r�a� �o�f� �w�o�r�l�d� �c�o�m�p�e�t�i�t�i�o�n�"� �h�a�n�d�i�c�a�p�p�e�d� 

�b�y� �e�x�c�e�s�s�i�v�e�l�y� �e�x�p�e�n�s�i�v�e� �e�l�e�c�t�r�i�c�i�t�y�,� �P�i�n�c�h�o�t� �s�u�p�p�o�r�t�e�d� �g�o�v�e�r�n�m�e�n�t�-�c�o�o�r�d�i�n�a�t�e�d� �d�e�v�e�l�o�p�m�e�n�t� 

�o�f� �A�m�e�r�i�c�a�n� �e�l�e�c�t�r�i�c� �c�a�p�a�c�i�t�y�,� �e�s�p�e�c�i�a�l�l�y� �i�n� �r�u�r�a�l� �a�r�e�a�s�.� �H�i�s� �s�t�a�n�d� �e�c�h�o�e�d� �p�r�e�s�i�d�e�n�t�i�a�l� 

�c�a�n�d�i�d�a�t�e� �R�o�b�e�r�t� �M�.� �L�a� �F�o�l�l�e�t�t�e ��s� �"�P�r�o�g�r�e�s�s�i�v�e�"� �c�a�m�p�a�i�g�n� �o�f� �1�9�2�4�,� �w�h�i�c�h� �a�d�v�o�c�a�t�e�d� �s�e�i�z�i�n�g� 

�p�o�w�e�r� �f�r�o�m� �u�n�r�e�g�u�l�a�t�e�d� �b�u�s�i�n�e�s�s� �i�n�t�e�r�e�s�t�s� �a�n�d� �p�u�t�t�i�n�g� �i�t� �i�n� �t�h�e� �h�a�n�d�s� �o�f� �g�o�v�e�r�n�m�e�n�t� �f�o�r� 

�s�a�f�e�k�e�e�p�i�n�g�.�*�?� �I�n� �t�h�e� �h�a�n�d�s� �o�f� �P�i�n�c�h�o�t� �a�n�d� �o�t�h�e�r�s�,� �r�u�r�a�l� �e�l�e�c�t�r�i�f�i�c�a�t�i�o�n� �b�e�c�a�m�e� �a� �t�o�o�l� �b�y� 

�w�h�i�c�h� �s�o�c�i�a�l� �r�e�f�o�r�m�e�r�s� �e�n�l�i�s�t�e�d� �g�o�v�e�r�n�m�e�n�t� �i�n� �t�h�e� �f�i�g�h�t� �a�g�a�i�n�s�t� �t�h�e� �m�o�n�o�p�o�l�i�e�s�.�  �� 

� � 

 ��L�e�e�,�  ��W�i�r�e�d� �H�e�l�p�,�"� �p�p�.� �3�-�4�.� �U�.�S�.� �C�e�n�s�u�s� �f�i�g�u�r�e�s� �l�i�s�t� �9�.�2�%� �o�f� �A�m�e�r�i�c�a�n� �f�a�r�m�s� �a�s� �e�l�e�c�t�r�i�f�i�e�d� �i�n� �1�9�2�9�.� �T�h�e� 
�c�o�l�u�m�n� �h�e�a�d�i�n�g�,� �"�P�e�r�c�e�n�t�a�g�e� �o�f� �d�w�e�l�l�i�n�g� �u�n�i�t�s� �w�i�t�h� �e�l�e�c�t�r�i�c� �s�e�r�v�i�c�e� �[�m�y� �e�m�p�h�a�s�i�s�]�, �� �i�m�p�l�i�e�s� �t�h�a�t� �i�n�d�i�v�i�d�u�a�l� 
�g�e�n�e�r�a�t�i�n�g� �s�e�t�s� �a�r�e� �n�o�t� �c�o�u�n�t�e�d�.� �B�u�r�e�a�u� �o�f� �t�h�e� �C�e�n�s�u�s�,� �H�i�s�t�o�r�i�c�a�l� �S�t�a�t�i�s�t�i�c�s�,� �S�/�1�1�0�.� 

 � ��3�S�i�g�n�i�f�i�c�a�n�t�l�y�,� �L�a� �F�o�l�l�e�t�t�e ��s� �p�o�l�l�e�d� �o�n�l�y� �1�7�%� �o�f� �t�h�e� �v�o�t�e� �i�n� �1�9�2�4�,� �t�h�e� �y�e�a�r� �i�n� �w�h�i�c�h� �p�r�o�-�b�u�s�i�n�e�s�s� �c�a�n�d�i�d�a�t�e� 
�C�a�l�v�i�n� �C�o�o�l�i�d�g�e� �w�o�n� �t�h�e� �p�r�e�s�i�d�e�n�c�y�.� �B�y� �1�9�2�8�,� �t�h�e� �P�r�o�g�r�e�s�s�i�v�e� �P�a�r�t�y� �w�a�s� �t�o�t�t�e�r�i�n�g� �t�o�w�a�r�d� �o�b�l�i�v�i�o�n�.� �S�e�e� 
�M�a�l�d�w�y�n� �A�.� �J�o�n�e�s�,� �T�h�e� �L�i�m�i�t�s� �o�f� �L�i�b�e�r�t�y�:� �A�m�e�r�i�c�a�n� �H�i�s�t�o�r�y� �1�6�0�7�-�1�9�8�0� �(�O�x�f�o�r�d�:� �O�x�f�o�r�d� �U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�,� �1�9�8�3�)�,� 
�p�.� �4�4�4�.� 

 ��G�i�f�f�o�r�d� �P�i�n�c�h�o�t�,� �T�h�e� �P�o�w�e�r� �M�o�n�o�p�o�l�y�:� �I�t�s� �M�a�k�e�-�U�p� �a�n�d� �i�t�s� �M�e�n�a�c�e� �(�M�i�l�f�o�r�d�,� �P�A�:� �B�y� �t�h�e� �a�u�t�h�o�r�,� �1�9�2�8�)�,� 
�p�p�.� �1�-�6�;� �H�u�g�h�e�s�,� �N�e�t�w�o�r�k�s� �o�f� �P�o�w�e�r�,� �p�p�.� �2�9�7�-�3�0�5�;� �"�W�i�r�e�d� �H�e�l�p�,�"� �L�e�e�,� �p�.� �2�2�2�.� �C�o�n�c�e�r�n� �o�v�e�r� �p�o�s�s�i�b�l�e� �a�b�u�s�e� �b�y� 
�p�r�i�v�a�t�e� �e�l�e�c�t�r�i�c� �c�o�m�p�a�n�i�e�s�,� �a�n�d� �t�h�e� �s�p�e�c�t�a�c�u�l�a�r� �c�o�l�l�a�p�s�e� �o�f� �I�n�s�u�l�l ��s� �e�m�p�i�r�e� �i�n� �1�9�3�2�,� �e�v�e�n�t�u�a�l�l�y� �b�r�o�u�g�h�t� �a�b�o�u�t� �t�h�e� 
�P�u�b�l�i�c� �U�t�i�l�i�t�y� �H�o�l�d�i�n�g� �C�o�m�p�a�n�y� �A�c�t� �o�f� �1�9�3�5�,� �w�h�i�c�h� �s�u�b�j�e�c�t�s� �c�o�m�p�a�n�i�e�s� �o�w�n�i�n�g� �e�l�e�c�t�r�i�c�i�t�y�-�g�e�n�e�r�a�t�i�n�g� �f�a�c�i�l�i�t�i�e�s� 
�t�o� �s�t�r�i�c�t� �F�e�d�e�r�a�l� �o�v�e�r�s�i�g�h�t�.� �S�o�m�e� �a�n�a�l�y�s�t�s�,� �h�o�w�e�v�e�r�,� �p�a�r�t�l�y� �a�t�t�r�i�b�u�t�e� �t�h�e� �c�o�l�l�a�p�s�e� �o�f� �t�h�e� �h�o�l�d�i�n�g� �c�o�m�p�a�n�i�e�s� �a�n�d� 
�t�h�e� �r�e�s�e�n�t�m�e�n�t� �c�a�u�s�e�d� �b�y� �t�h�e� �d�i�s�a�s�t�e�r� �t�o� �e�x�o�g�e�n�o�u�s� �f�a�c�t�o�r�s� �s�u�c�h� �a�s� �i�n�v�e�s�t�o�r� �n�a�i�v�e�t�e� �a�n�d� �u�n�e�x�p�e�c�t�e�d� �d�r�o�p�s� �i�n� 
�d�e�m�a�n�d� �f�o�r� �e�l�e�c�t�r�i�c�i�t�y� �d�u�r�i�n�g� �t�h�e� �D�e�p�r�e�s�s�i�o�n�.� �S�e�e� �L�e�o�n�a�r�d� �S�.� �H�y�m�a�n�,� �A�m�e�r�i�c�a ��s� �E�l�e�c�t�r�i�c� �U�t�i�l�i�t�i�e�s�:� �P�a�s�t�,� �P�r�e�s�e�n�t� 

�a�n�d� �F�u�t�u�r�e� �(�A�r�l�i�n�g�t�o�n�,� �V�A�:� �P�u�b�l�i�c� �U�t�i�l�i�t�i�e�s� �R�e�p�o�r�t�s�,� �I�n�c�.�,� �1�9�8�3�)�,� �p�p�.� �7�5�-�8�5�.� 
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�U�t�i�l�i�t�y� �m�a�n�a�g�e�r�s� �a�n�d� �e�n�g�i�n�e�e�r�s� �g�e�n�e�r�a�l�l�y� �d�i�s�m�i�s�s�e�d� �P�i�n�c�h�o�t ��s� �i�m�p�u�t�a�t�i�o�n� �o�f� �a� �P�o�w�e�r� 

�T�r�u�s�t� �a�s� �"�p�o�l�i�t�i�c�a�l� �n�e�c�r�o�m�a�n�c�y�.�"�*� �I�n�s�t�e�a�d�,� �t�h�e�y� �a�t�t�r�i�b�u�t�e�d� �t�h�e� �s�u�c�c�e�s�s� �o�f� �t�h�e�i�r� �i�n�d�u�s�t�r�y� �t�o� 

�"�t�h�e� �i�n�i�t�i�a�t�i�v�e� �o�f� �p�r�o�g�r�e�s�s�i�v�e� �a�n�d� �f�a�r�-�s�e�e�i�n�g� �m�e�n� �a�n�d� �t�h�e� �e�m�p�l�o�y�m�e�n�t� �o�f� �c�o�u�r�a�g�e�o�u�s� �p�r�i�v�a�t�e� 

�c�a�p�i�t�a�l�.�"�*�°� �L�i�k�e� �m�o�s�t� �A�m�e�r�i�c�a�n� �b�u�s�i�n�e�s�s�m�e�n� �o�f� �t�h�e� �d�a�y�,� �t�h�e�y� �d�o�u�b�t�e�d� �t�h�a�t� �g�o�v�e�r�n�m�e�n�t�-� 

�m�a�n�a�g�e�d� �i�n�d�u�s�t�r�y� �c�o�u�l�d� �m�a�t�c�h� �t�h�e� �t�e�c�h�n�o�l�o�g�i�c�a�l� �p�r�o�g�r�e�s�s� �f�o�s�t�e�r�e�d� �b�y� �t�h�e� �A�m�e�r�i�c�a�n� �m�a�r�k�e�t�.� 

�A�s� �o�n�e� �u�t�i�l�i�t�y� �e�x�e�c�u�t�i�v�e� �d�e�c�l�a�r�e�d� �p�u�g�n�a�c�i�o�u�s�l�y�,� �"�n�o� �c�o�m�m�u�n�i�s�t� �e�x�p�e�r�i�m�e�n�t� �o�r� �s�o�c�i�a�l�i�s�t� �p�l�a�n� 

�p�r�o�d�u�c�e�d� �t�h�e� �f�i�r�s�t� �i�n�c�a�n�d�e�s�c�e�n�t� �l�a�m�p�,� �t�h�e� �f�i�r�s�t� �p�r�a�c�t�i�c�a�l� �d�y�n�a�m�o�,� �o�r� �t�h�e� �f�i�r�s�t� �s�y�s�t�e�m� �o�f� 

�"�4�7� �R�a�t�h�e�r� �t�h�a�n� �g�o�v�e�r�n�m�e�n�t� �p�l�a�n�n�i�n�g�,� �u�t�i�l�i�t�y� �m�a�n�a�g�e�r�s� �p�l�a�c�e�d� �t�h�e�i�r� �e�l�e�c�t�r�i�c�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�.� 

�f�a�i�t�h� �i�n� �p�r�i�v�a�t�e� �i�n�s�t�i�t�u�t�i�o�n�s�,� �a�n�d� �a�s�s�u�r�e�d� �t�h�e� �p�u�b�l�i�c� �t�h�a�t�,� �i�n� �E�l�e�c�t�r�i�c�a�l� �W�o�r�l�d ��s� �p�h�r�a�s�e�,� �"�t�h�e� 

�p�o�w�e�r� �c�o�m�p�a�n�i�e�s� �m�a�d�e� �t�h�i�s� �c�o�u�n�t�r�y� �t�h�e� �l�e�a�d�e�r� �o�f� �t�h�e� �w�o�r�l�d� �i�n� �e�l�e�c�t�r�i�f�i�c�a�t�i�o�n� �a�n�d� �a�r�e� �k�e�e�p�i�n�g� 

�i�t� �i�n� �t�h�e� �l�e�a�d�.�"�*�®� 

�N�e�v�e�r�t�h�e�l�e�s�s�,� �t�h�e� �f�a�r�m�s� �r�e�m�a�i�n�e�d� �d�a�r�k�.� �P�r�e�s�i�d�e�n�t� �F�r�a�n�k�l�i�n� �R�o�o�s�e�v�e�l�t� �v�i�e�w�e�d� �t�h�e�i�r� 

�l�a�c�k� �o�f� �e�l�e�c�t�r�i�c� �s�e�r�v�i�c�e� �a�s� �t�h�e� �d�e�n�i�a�l� �o�f� �a� �b�a�s�i�c� �r�i�g�h�t�,� �a�n�d� �p�r�o�p�o�u�n�d�e�d� �t�w�o� �t�y�p�e�s� �o�f� �F�e�d�e�r�a�l� 

�i�n�t�e�r�v�e�n�t�i�o�n�.� �F�i�r�s�t�,� �t�h�e� �g�o�v�e�r�n�m�e�n�t� �c�o�m�m�i�s�s�i�o�n�e�d� �F�e�d�e�r�a�l� �p�o�w�e�r� �m�a�r�k�e�t�i�n�g� �a�u�t�h�o�r�i�t�i�e�s� �s�u�c�h� 

�a�s� �t�h�e� �T�e�n�n�e�s�s�e�e� �V�a�l�l�e�y� �A�u�t�h�o�r�i�t�y� �(�T�V�A�)�,� �f�o�u�n�d�e�d� �i�n� �1�9�3�3� �t�o� �f�u�r�n�i�s�h� �c�h�e�a�p� �p�o�w�e�r� �a�n�d� 

�f�e�r�t�i�l�i�z�e�r� �f�o�r� �t�h�e� �T�e�n�n�e�s�s�e�e� �R�i�v�e�r� �V�a�l�l�e�y�,� �a�n�d� �t�o� �m�a�k�e� �n�a�v�i�g�a�b�l�e� �t�h�e� �r�e�g�i�o�n ��s� �r�i�v�e�r�s�.� �S�e�c�o�n�d�,� 

�a�s� �p�a�r�t� �o�f� �t�h�e� �F�e�d�e�r�a�l� �E�m�e�r�g�e�n�c�y� �R�e�l�i�e�f� �A�c�t� �o�f� �1�9�3�5�,� �C�o�n�g�r�e�s�s� �f�o�r�m�e�d� �t�h�e� �R�E�A� �t�o� 

�e�n�c�o�u�r�a�g�e� �e�l�e�c�t�r�i�c�a�l� �c�o�o�p�e�r�a�t�i�v�e�s� �b�y� �d�i�s�t�r�i�b�u�t�i�n�g� �l�o�w�-�i�n�t�e�r�e�s�t� �g�o�v�e�r�n�m�e�n�t� �l�o�a�n�s�. �� 

� � 

 ��S�T�h�e� �E�d�i�t�o�r�i�a�l� �S�t�a�f�f� �o�f� �E�l�e�c�t�r�i�c�a�l� �W�o�r�l�d�,� �T�h�e� �E�l�e�c�t�r�i�c� �P�o�w�e�r� �I�n�d�u�s�t�r�y�:� �P�a�s�t�,� �P�r�e�s�e�n�t� �a�n�d� �F�u�t�u�r�e� �(�N�e�w� �Y�o�r�k�:� 
�M�c�G�r�a�w�-�H�i�l�l� �B�o�o�k� �C�o�m�p�a�n�y�,� �I�n�c�.�,� �1�9�4�9�)�,� �p�p�.� �4�-�7�.� 

 ��©�T� �C�.� �M�a�r�t�i�n� �a�n�d� �S�t�e�p�h�e�n� �L�.� �C�o�l�e�s�,� �T�h�e� �S�t�o�r�y� �o�f� �E�l�e�c�t�r�i�c�i�t�y�,� �V�o�l�u�m�e� �I� �(�N�e�w� �Y�o�r�k�:� �T�h�e� �S�t�o�r�y� �o�f� �E�l�e�c�t�r�i�c�i�t�y� 
�C�o�m�p�a�n�y�,� �1�9�3�9�)�,� �p�.� �i�.� 

 ��7� �a�r�t�h�u�r� �S�.� �H�u�e�y�,� �V�i�c�e� �P�r�e�s�i�d�e�n�t� �o�f� �H�.�M�.� �B�y�l�l�e�s�b�y� �&� �C�o�.�,� �T�h�e� �R�e�g�u�l�a�t�i�o�n� �o�f� �P�u�b�l�i�c� �U�t�i�l�i�t�i�e�s� �(�C�h�i�c�a�g�o�:� 
�p�a�m�p�h�l�e�t ��s� �p�u�b�l�i�s�h�e�r� �n�o�t� �n�o�t�e�d�,� �1�9�1�1�)�,� �p�.� �7�.� 

 ��*�8�E�d�i�t�o�r�s� �o�f� �E�l�e�c�t�r�i�c�a�l� �W�o�r�l�d�,� �T�h�e� �E�l�e�c�t�r�i�c� �P�o�w�e�r� �I�n�d�u�s�t�r�y�,� �p�.� �7�.� 

 ��S�t�a�u�t�e�r�,� �"�R�u�r�a�l� �E�l�e�c�t�r�i�f�i�c�a�t�i�o�n�,�"� �p�p�.� �1�2�-�1�4�;� �H�u�g�h�e�s�,� �N�e�t�w�o�r�k�s� �o�f� �P�o�w�e�r�,� �p�.� �4�6�4�.� �N�o�t�e� �t�h�a�t� �r�u�r�a�l� 
�e�l�e�c�t�r�i�f�i�c�a�t�i�o�n� �t�o�o�k� �a� �u�n�i�q�u�e� �p�a�t�h� �i�n� �C�a�l�i�f�o�r�n�i�a�,� �w�h�e�r�e� �u�t�i�l�i�t�i�e�s� �p�u�r�s�u�e�d� �r�u�r�a�l� �m�a�r�k�e�t�s� �o�n� �t�h�e�i�r� �o�w�n�,� �l�o�n�g� �b�e�f�o�r�e� 
�F�e�d�e�r�a�l� �i�n�v�o�l�v�e�m�e�n�t�.� �D�u�e� �t�o� �s�p�a�r�c�e� �e�n�e�r�g�y� �r�e�s�o�u�r�c�e�s�,� �h�i�g�h� �r�u�r�a�l� �i�r�r�i�g�a�t�i�o�n� �l�o�a�d�s�,� �a� �s�c�a�r�c�i�t�y� �o�f� �u�r�b�a�n� �i�n�d�u�s�t�r�y�,� 
�a�n�d� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �l�o�n�g� �t�r�a�n�s�m�i�s�s�i�o�n� �l�i�n�e�s� �f�r�o�m� �h�y�d�r�o�e�l�e�c�t�r�i�c� �f�a�c�i�l�i�t�i�e�s� �w�h�i�c�h� �f�a�r�m� �c�o�m�m�u�n�i�t�i�e�s� �c�o�u�l�d� �t�a�p� �e�n� 
�r�o�u�t�e�,� �C�a�l�i�f�o�r�n�i�a� �u�t�i�l�i�t�i�e�s� �h�a�d� �e�l�e�c�t�r�i�f�i�e�d� �6�0�%� �o�f� �t�h�e� �s�t�a�t�e ��s� �f�a�r�m�s� �b�y� �t�h�e� �m�i�d�-�1�9�3�0�s�,� �w�h�i�l�e� �t�h�e� �n�a�t�i�o�n�a�l� �f�i�g�u�r�e� 

�(�c�o�n�t�i�n�u�e�d�.�.�.�)� 
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�R�E�A� �c�o�o�p�e�r�a�t�i�v�e�s� �e�n�c�o�u�n�t�e�r�e�d� �v�a�r�i�o�u�s� �o�b�s�t�a�c�l�e�s�.� �M�a�n�y� �u�t�i�l�i�t�y� �m�a�n�a�g�e�r�s� �d�e�t�e�r�m�i�n�e�d� 

�n�o�t� �t�o� �a�l�l�o�w� �c�o�m�p�e�t�i�t�o�r�s� �t�o� �o�p�e�r�a�t�e� �i�n�s�i�d�e� �t�h�e� �g�e�o�g�r�a�p�h�i�c� �b�o�r�d�e�r�s� �o�f� �t�h�e�i�r� �"�n�a�t�u�r�a�l� 

�m�o�n�o�p�o�l�y�.�"� �S�o�m�e�,� �o�n� �h�e�a�r�i�n�g� �t�h�a�t� �a� �c�o�o�p�e�r�a�t�i�v�e� �h�a�d� �a�p�p�l�i�e�d� �f�o�r� �a� �F�e�d�e�r�a�l� �l�o�a�n�,� �c�o�n�v�i�n�c�e�d� 

�s�t�a�t�e� �r�e�g�u�l�a�t�o�r�s� �t�h�a�t� �t�h�e� �u�t�i�l�i�t�y� �h�a�d�,� �i�n� �f�a�c�t�,� �b�e�e�n� �a�b�o�u�t� �t�o� �e�n�t�e�r� �t�h�a�t� �a�r�e�a�,� �a�n�d� �t�h�a�t� �t�h�e� 

�p�r�o�p�o�s�e�d� �c�o�o�p�e�r�a�t�i�v�e� �w�o�u�l�d� �i�n�f�r�i�n�g�e� �o�n� �i�t�s� �t�e�r�r�i�t�o�r�y�.� �T�h�i�s� �t�a�c�t�i�c� �f�r�e�q�u�e�n�t�l�y� �p�r�o�m�p�t�e�d� 

�c�h�a�r�g�e�s� �t�h�a�t� �t�h�e� �c�o�m�m�i�s�s�i�o�n�s� �h�a�d� �b�e�e�n� �c�a�p�t�u�r�e�d� �b�y� �t�h�e� �u�t�i�l�i�t�i�e�s� �t�h�e�y� �w�e�r�e� �m�e�a�n�t� �t�o� �r�e�g�u�l�a�t�e�.� 

�I�n� �o�t�h�e�r� �c�a�s�e�s�,� �u�t�i�l�i�t�i�e�s� �l�e�a�r�n�i�n�g� �o�f� �a� �p�r�o�p�o�s�e�d� �c�o�o�p�e�r�a�t�i�v�e� �q�u�i�c�k�l�y� �r�a�n� �a� �l�i�n�e� �t�h�r�o�u�g�h� �t�h�e� 

�p�r�o�s�p�e�c�t�i�v�e� �a�r�e�a�,� �p�i�c�k�i�n�g� �o�f�f� �t�h�e� �m�o�s�t� �p�r�o�m�i�s�i�n�g� �c�u�s�t�o�m�e�r�s�.� �T�h�e�s�e� �"�s�p�i�t�e� �l�i�n�e�s�"� �o�f�t�e�n� �m�a�d�e� 

�t�h�e� �c�o�o�p�e�r�a�t�i�v�e� �e�c�o�n�o�m�i�c�a�l�l�y� �i�m�p�r�a�c�t�i�c�a�l� �a�n�d� �l�e�f�t� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �f�a�r�m�e�r�s� �i�n� �t�h�e� �a�r�e�a� �w�i�t�h�o�u�t� 

�e�l�e�c�t�r�i�c�i�t�y�. ��°� 

�W�h�e�n� �a�l�l� �e�l�s�e� �f�a�i�l�e�d�,� �s�o�m�e� �u�t�i�l�i�t�i�e�s� �p�u�r�c�h�a�s�e�d� �e�s�t�a�b�l�i�s�h�e�d� �c�o�o�p�e�r�a�t�i�v�e�s�.� �B�u�y�-�o�u�t� 

�o�f�f�e�r�s� �o�f�t�e�n� �p�r�o�v�o�k�e�d� �c�o�n�t�r�o�v�e�r�s�y� �a�m�o�n�g� �c�o�-�o�p� �m�e�m�b�e�r�s�.� �I�n� �1�9�4�8�,� �f�o�r� �e�x�a�m�p�l�e�,� �a�n� �o�f�f�i�c�i�a�l� 

�o�f� �t�h�e� �N�a�t�i�o�n�a�l� �R�u�r�a�l� �E�l�e�c�t�r�i�f�i�c�a�t�i�o�n� �C�o�o�p�e�r�a�t�i�v�e� �A�s�s�o�c�i�a�t�i�o�n�,� �a� �F�e�d�e�r�a�l�l�y�-�s�u�p�p�o�r�t�e�d� �a�g�e�n�c�y�,� 

�p�l�e�a�d�e�d� �w�i�t�h� �f�a�r�m�e�r�s� �o�f� �V�i�r�g�i�n�i�a ��s� �C�r�a�i�g� �a�n�d� �B�o�t�e�t�o�u�r�t� �c�o�u�n�t�i�e�s� �n�o�t� �t�o� �s�e�l�l� �t�h�e�i�r� �c�o�-�o�p� �t�o� �t�h�e� 

�A�p�p�a�l�a�c�h�i�a�n� �P�o�w�e�r� �C�o�m�p�a�n�y�.� �H�e� �c�h�a�r�g�e�d� �t�h�a�t� �A�p�p�a�l�a�c�h�i�a�n� �b�e�l�o�n�g�e�d� �t�o� �a� �l�a�r�g�e� �h�o�l�d�i�n�g� 

�c�o�m�p�a�n�y�,� �t�h�e� �A�m�e�r�i�c�a�n� �G�a�s� �a�n�d� �E�l�e�c�t�r�i�c� �C�o�m�p�a�n�y�,� �a�n�d� �e�x�h�o�r�t�e�d� �h�i�s� �a�u�d�i�e�n�c�e�:� �"�D�o�n ��t� �s�e�l�l� 

�o�u�t� �t�o� �t�h�e� �W�a�l�l� �S�t�r�e�e�t� �i�n�t�e�r�e�s�t�s�.�.�.� �W�o�r�d� �o�f� �w�h�a�t� �y�o�u� �d�o� �h�e�r�e� �w�i�l�l� �g�o� �o�u�t� �t�o� �m�i�l�l�i�o�n�s� �o�f� �f�a�r�m� 

�f�a�m�i�l�i�e�s� �t�h�r�o�u�g�h�o�u�t� �A�m�e�r�i�c�a�,� �a�n�d� �t�o� �C�o�n�g�r�e�s�s�.�.�.� �D�o�n ��t� �s�u�r�r�e�n�d�e�r�!�"� �I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �f�a�r�m�e�r�s� 

�r�e�j�e�c�t�e�d� �t�h�e� �u�t�i�l�i�t�y� �o�f�f�e�r�.� �I�n� �o�t�h�e�r�s�,� �t�h�e�y� �d�i�d� �n�o�t�.�*�!� 

�B�y� �1�9�5�9�,� �t�h�e� �R�E�A� �h�a�d� �e�x�t�e�n�d�e�d� �l�o�a�n�s� �a�t� �2�%� �i�n�t�e�r�e�s�t� �t�o� �1�0�2�6� �r�u�r�a�l� �c�o�o�p�e�r�a�t�i�v�e�s� 

�s�e�r�v�i�n�g� �4�.�3� �m�i�l�l�i�o�n� �c�o�n�s�u�m�e�r�s�,� �a�n�d� �9�5�.�9�%� �o�f� �A�m�e�r�i�c�a�n� �f�a�r�m�s� �e�n�j�o�y�e�d� �e�l�e�c�t�r�i�c� �s�e�r�v�i�c�e�. �� 

� � 

 ��°�(�_�.�.�c�o�n�t�i�n�u�e�d�)� 
�h�o�v�e�r�e�d� �a�r�o�u�n�d� �1�0�%�.� �S�e�e� �J�a�m�e�s� �C�.� �W�i�l�l�i�a�m�s�,� �"�O�t�h�e�r�w�i�s�e� �a� �M�e�r�e� �C�l�o�d�:� �C�a�l�i�f�o�r�n�i�a� �R�u�r�a�l� �E�l�e�c�t�r�i�f�i�c�a�t�i�o�n�,�"� �/�E�E�E� 
�T�e�c�h�n�o�l�o�g�y� �a�n�d� �S�o�c�i�e�t�y� �M�a�g�a�z�i�n�e� �7� �(�D�e�c�e�m�b�e�r� �1�9�8�8�)�,� �p�p�.� �1�3�-�1�9�,� �2�9�.� 

�°�M�a�r�q�u�i�s� �C�h�i�l�d�s�,� �T�h�e� �F�a�r�m�e�r� �T�a�k�e�s� �a� �H�a�n�d�:� �T�h�e� �E�l�e�c�t�r�i�c� �P�o�w�e�r� �R�e�v�o�l�u�t�i�o�n� �i�n� �R�u�r�a�l� �A�m�e�r�i�c�a� �(�G�a�r�d�e�n� �C�i�t�y�,� 
�N�Y�:� �D�o�u�b�l�e�d�a�y� �a�n�d� �C�o�m�p�a�n�y�,� �1�9�5�2�)�,� �p�.� �7�6�.� 

�*�'�T�b�i�d�.�,� �p�.� �8�6�.� 

�*�*�B�u�r�e�a�u� �o�f� �t�h�e� �C�e�n�s�u�s�,� �H�i�s�t�o�r�i�c�a�l� �S�t�a�t�i�s�t�i�c�s�,� �S�/�1�1�0�,� �S�/�1�4�9�,� �S�/�1�5�1�.� 
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�T�h�e� �F�e�d�e�r�a�l� �P�o�w�e�r� �C�o�m�m�i�s�s�i�o�n� �r�e�p�o�r�t�e�d� �t�h�a�t� �"�t�h�e� �a�d�v�a�n�t�a�g�e�s� �o�f� �e�l�e�c�t�r�i�c�i�t�y� �i�n� �f�a�r�m� 

�o�p�e�r�a�t�i�o�n�s� �a�r�e� �w�e�l�l� �r�e�c�o�g�n�i�z�e�d� �a�n�d� �i�n� �m�a�n�y� �i�n�s�t�a�n�c�e�s� �i�t� �c�a�n� �b�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �e�l�e�c�t�r�i�c�i�t�y� 

�p�a�y�s� �f�o�r� �i�t�s�e�l�f� �b�y� �i�n�c�r�e�a�s�e�d� �p�r�o�d�u�c�t�i�o�n�,� �i�m�p�r�o�v�e�d� �q�u�a�l�i�t�y�,� �a�n�d� �r�e�d�u�c�e�d� �l�a�b�o�r� �c�o�s�t�s�-�-�t�o� �s�a�y� 

�n�o�t�h�i�n�g� �o�f� �a�d�d�e�d� �c�o�n�v�e�n�i�e�n�c�e�.�"� �E�l�e�c�t�r�i�f�i�c�a�t�i�o�n� �b�r�o�u�g�h�t� �n�o�t� �o�n�l�y� �e�l�e�c�t�r�i�c� �l�i�g�h�t�s�,� �s�t�o�v�e�s� �a�n�d� 

�r�e�f�r�i�g�e�r�a�t�o�r�s�,� �b�u�t� �a�l�s�o� �"�m�i�l�k�i�n�g� �m�a�c�h�i�n�e�s�,� �m�i�l�k� �c�o�o�l�e�r�s�,� �i�n�c�u�b�a�t�o�r�s�,� �b�r�o�o�d�e�r�s�,� �g�r�i�n�d�e�r�s�,� �h�o�i�s�t�s�,� 

�p�u�m�p�s� �(�i�n�c�l�u�d�i�n�g� �i�r�r�i�g�a�t�i�o�n� �p�u�m�p�s�)�,� �h�a�y� �d�r�i�e�r�s� �c�l�e�a�n�e�r�s�,� �a�n�d� �m�a�n�y� �o�t�h�e�r� �d�e�v�i�s�e�s� �[�s�i�c�]�.�"�*�°� 

�V�o�i�c�e�s� �f�r�o�m� �t�h�e� �p�r�i�v�a�t�e� �s�e�c�t�o�r� �d�e�n�o�u�n�c�e�d� �t�h�e� �e�a�r�l�y� �R�E�A� �a�s� �a� �"�f�o�l�l�y�.�.�.� �c�o�n�c�e�i�v�e�d� �i�n� �t�h�e� �h�a�t�e� 

�o�f� �t�h�e� �"�P�o�w�e�r� �T�r�u�s�t �� �b�o�g�e�y�,�"�*�*� �b�u�t� �a� �s�u�p�p�o�r�t�e�r� �o�b�s�e�r�v�e�d� �i�n� �1�9�5�2� �t�h�a�t� �w�h�i�l�e� �u�t�i�l�i�t�y� 

�"�s�p�o�k�e�s�m�e�n� �s�p�e�a�k� �o�f� �s�u�b�s�i�d�i�e�s�,� �s�o�c�i�a�l�i�s�m�,� �o�r� �w�o�r�s�e� �i�n� �c�o�s�t�l�y� �p�r�o�p�a�g�a�n�d�a�,�"� �t�h�e� �c�o�o�p�e�r�a�t�i�v�e�s� 

�f�a�i�t�h�f�u�l�l�y� �r�e�p�a�i�d� �t�h�e�i�r� �R�E�A� �l�o�a�n�s�,� �o�f�t�e�n� �i�n� �a�d�v�a�n�c�e�. �� 

�C�o�n�c�l�u�s�i�o�n� 

�W�i�n�d� �p�o�w�e�r�e�d� �p�u�m�p�s� �a�n�d� �g�e�n�e�r�a�t�o�r�s� �f�a�d�e�d� �f�r�o�m� �t�h�e� �A�m�e�r�i�c�a�n� �s�c�e�n�e� �f�o�r� �t�h�r�e�e� 

�r�e�a�s�o�n�s�.� �F�i�r�s�t�,� �t�h�e�y� �c�o�u�l�d� �n�o�t� �c�o�m�p�e�t�e� �e�c�o�n�o�m�i�c�a�l�l�y� �w�i�t�h� �c�h�e�a�p� �c�e�n�t�r�a�l�l�y�-�g�e�n�e�r�a�t�e�d� 

�e�l�e�c�t�r�i�c�i�t�y�.� �S�e�c�o�n�d�,� �t�h�e� �p�o�w�e�r� �t�h�e�y� �p�r�o�d�u�c�e�d�,� �a�t� �l�e�a�s�t� �i�n� �t�h�e� �c�a�s�e� �o�f� �g�e�n�e�r�a�t�i�n�g� �s�e�t�s�,� �c�o�u�l�d� 

�n�o�t� �b�e� �a�d�e�q�u�a�t�e�l�y� �s�t�o�r�e�d� �t�o� �p�r�o�v�i�d�e� �c�o�n�s�i�s�t�e�n�t� �p�o�w�e�r�.� �T�h�i�r�d�,� �t�h�e� �i�s�s�u�e� �o�f� �c�e�n�t�r�a�l�i�z�e�d� �v�e�r�s�u�s� 

�d�e�c�e�n�t�r�a�l�i�z�e�d� �p�o�w�e�r� �p�r�o�d�u�c�t�i�o�n� �d�i�s�a�p�p�e�a�r�e�d� �i�n� �t�h�e� �f�u�r�o�r� �o�v�e�r� �a� �b�i�g�g�e�r� �d�e�b�a�t�e�,� �t�h�a�t� �b�e�t�w�e�e�n� 

�p�r�i�v�a�t�e� �e�n�t�e�r�p�r�i�s�e�-�-�p�e�r�h�a�p�s� �c�o�r�r�u�p�t�-�-�v�e�r�s�u�s� �g�o�v�e�r�n�m�e�n�t� �m�a�n�a�g�e�m�e�n�t�-�-�p�e�r�h�a�p�s� �i�n�e�f�f�i�c�i�e�n�t�.� 

�O�u�r� �b�r�i�e�f� �e�x�c�u�r�s�i�o�n� �i�n�t�o� �t�h�e� �e�a�r�l�y� �y�e�a�r�s� �o�f� �t�h�e� �e�l�e�c�t�r�i�c� �u�t�i�l�i�t�y� �i�n�d�u�s�t�r�y� �l�a�y�s� �t�h�e� 

�g�r�o�u�n�d� �f�o�r� �a� �d�i�s�c�u�s�s�i�o�n� �o�f� �u�t�i�l�i�t�y�-�s�c�a�l�e� �w�i�n�d�p�o�w�e�r�.� �E�a�r�l�y� �i�n� �t�h�e� �c�e�n�t�u�r�y�,� �i�n�v�e�s�t�o�r�-�o�w�n�e�d� 

�u�t�i�l�i�t�i�e�s� �w�o�n� �a�n� �i�n�c�o�m�p�l�e�t�e� �b�u�t� �c�l�e�a�r� �v�i�c�t�o�r�y� �o�v�e�r� �t�h�e� �p�u�b�l�i�c� �p�o�w�e�r� �m�o�d�e�l�;� �b�y� �1�9�8�5�,� 

�g�o�v�e�r�n�m�e�n�t�-�o�w�n�e�d� �f�a�c�i�l�i�t�i�e�s� �a�n�d� �c�o�o�p�e�r�a�t�i�v�e�s� �a�c�c�o�u�n�t�e�d� �f�o�r� �o�n�l�y� �a�b�o�u�t� �o�n�e� �q�u�a�r�t�e�r� �o�f� �t�h�e� 

�n�a�t�i�o�n ��s� �g�e�n�e�r�a�t�i�n�g� �c�a�p�a�c�i�t�y�.�°�°� �C�o�n�v�i�n�c�e�d� �o�f� �i�t�s� �u�n�i�q�u�e� �a�b�i�l�i�t�y� �t�o� �f�a�c�i�l�i�t�a�t�e� �p�r�o�g�r�e�s�s� �a�n�d� 

� � 

�*�3�F�e�d�e�r�a�l� �P�o�w�e�r� �C�o�m�m�i�s�s�i�o�n�,� �E�s�t�i�m�a�t�e�d� �F�u�t�u�r�e� �P�o�w�e�r� �R�e�q�u�i�r�e�m�e�n�t�s� �o�f� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� �B�y� �R�e�g�i�o�n�s�,� �1�9�5�5�-� 
�1�9�8�0� �(�W�a�s�h�i�n�g�t�o�n�,� �D�C�:� �F�e�d�e�r�a�l� �P�o�w�e�r� �C�o�m�m�i�s�s�i�o�n�,� �1�9�5�5�)�,� �p�.� �9�.� 

�"�R�u�r�a�l� �E�l�e�c�t�r�i�f�i�c�a�t�i�o�n�,�"� �E�l�e�c�t�r�i�c�a�l� �W�o�r�l�d� �1�3�1� �(�2�1� �M�a�y� �1�9�4�9�)�,� �p�.� �5�0�7�.� 

�C�h�i�l�d�s�,� �F�a�r�m�e�r�,� �p�p�.� �1�5�-�1�6�.� 

�*�6�S�t�a�t�i�s�t�i�c�a�l� �Y�e�a�r�b�o�o�k� �o�f� �t�h�e� �E�l�e�c�t�r�i�c� �U�t�i�l�i�t�y� �I�n�d�u�s�t�r�y�\�1�9�8�5� �5�3� �(�W�a�s�h�i�n�g�t�o�n�,� �D�C�:� �E�d�i�s�o�n� �E�l�e�c�t�r�i�c� �I�n�s�t�i�t�u�t�e�,� 
�1�9�8�6�)�,� �p�.� �7�.� 

�5�2



�i�m�p�r�o�v�e� �t�h�e� �q�u�a�l�i�t�y� �o�f� �l�i�f�e�,� �t�h�e� �p�r�i�v�a�t�e� �u�t�i�l�i�t�y� �i�n�d�u�s�t�r�y� �m�a�i�n�t�a�i�n�e�d� �a� �w�a�r�y� �s�u�s�p�i�c�i�o�n� �o�f� 

�g�o�v�e�r�n�m�e�n�t� �m�e�d�d�l�i�n�g� �i�n� �t�h�e� �p�o�w�e�r� �s�e�c�t�o�r�.� �F�e�d�e�r�a�l� �e�f�f�o�r�t�s� �t�o� �e�n�c�o�u�r�a�g�e� �a�l�t�e�r�n�a�t�i�v�e� �e�n�e�r�g�y� 

�t�e�c�h�n�o�l�o�g�i�e�s� �s�u�c�h� �a�s� �w�i�n�d�p�o�w�e�r� �i�n� �t�h�e� �1�9�7�0�s� �m�e�t� �t�h�e� �s�a�m�e� �r�a�n�c�o�r� �a�s� �h�a�d� �e�a�r�l�i�e�r� �a�t�t�e�m�p�t�s� �t�o� 

�b�r�e�a�k� �u�p� �t�h�e� �h�o�l�d�i�n�g� �c�o�m�p�a�n�i�e�s� �a�n�d� �p�u�s�h� �r�u�r�a�l� �e�l�e�c�t�r�i�f�i�c�a�t�i�o�n�.� 

�W�i�t�h� �t�h�e� �g�r�a�d�u�a�l� �e�x�t�e�n�s�i�o�n� �o�f� �t�h�e� �n�a�t�i�o�n�a�l� �e�l�e�c�t�r�i�c� �g�r�i�d�,� �w�i�n�d�p�o�w�e�r� �r�e�t�r�e�a�t�e�d�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �B�u�r�e�a�u� �o�f� �t�h�e� �C�e�n�s�u�s�,� �w�i�n�d� �m�a�c�h�i�n�e�s� �s�u�p�p�l�i�e�d� �t�h�e� �c�o�u�n�t�r�y� �w�i�t�h� �1�4�,�0�0�0� 

�h�o�r�s�e�p�o�w�e�r� �(�h�p�)� �i�n� �1�8�4�9�,� �1�2�0�,�0�0�0� �h�p� �i�n� �1�9�0�0�,� �a�n�d� �2�0�0�,�0�0�0� �h�p� �i�n� �1�9�3�0�.� �J�u�s�t� �t�w�e�n�t�y� �y�e�a�r�s� 

�l�a�t�e�r�,� �i�n� �1�9�5�0�,� �w�i�n�d�p�o�w�e�r ��s� �c�o�n�t�r�i�b�u�t�i�o�n� �h�a�d� �f�a�l�l�e�n� �t�o� �5�9�,�0�0�0� �h�p�, �� �a�n�d� �c�l�o�s�e� �t�o� �f�o�r�t�y� �l�o�n�g� 

�y�e�a�r�s� �p�a�s�s�e�d� �b�e�f�o�r�e� �i�t� �a�g�a�i�n� �m�a�d�e� �a� �s�t�i�r� �o�n� �t�h�e� �n�a�t�i�o�n�a�l� �s�c�e�n�e�.� �B�e�f�o�r�e� �t�h�a�t� �h�a�p�p�e�n�e�d�,� 

�h�o�w�e�v�e�r�,� �o�n�e� �n�o�t�a�b�l�e� �a�t�t�e�m�p�t� �t�o� �g�e�n�e�r�a�t�e� �e�l�e�c�t�r�i�c�i�t�y� �f�r�o�m� �t�h�e� �w�i�n�d� �d�e�s�e�r�v�e�s� �m�e�n�t�i�o�n�,� �n�o�t� 

�l�e�a�s�t� �b�e�c�a�u�s�e� �o�f� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �g�i�v�e�n� �i�t� �b�y� �d�e�v�e�l�o�p�e�r�s� �o�f� �t�h�e� �"�w�i�n�d� �r�e�n�a�i�s�s�a�n�c�e�"� �o�f� �t�h�e� 

�1�9�7�0�s�.� 

�P�A�R�T� �I�V�:� �T�h�e� �V�e�r�m�o�n�t� �G�i�a�n�t� 

�"�I�n� �1�9�3�4� �I� �h�a�d� �b�u�i�l�t� �a� �h�o�u�s�e�.�.�.� �a�n�d� �f�o�u�n�d� �b�o�t�h� �t�h�e� �w�i�n�d�s� �a�n�d� �t�h�e� �e�l�e�c�t�r�i�c� �r�a�t�e�s� 

�s�u�r�p�r�i�s�i�n�g�l�y� �h�i�g�h�.�"�°�*� �W�i�t�h� �t�h�o�s�e� �w�o�r�d�s� �P�a�l�m�e�r� �P�u�t�n�a�m� �i�n�t�r�o�d�u�c�e�s� �t�h�e� �s�t�o�r�y� �o�f� �h�i�s� 

�e�x�p�e�r�i�m�e�n�t�a�l� �1�2�5�0�-�k�W� �S�m�i�t�h�-�P�u�t�n�a�m� �w�i�n�d� �t�u�r�b�i�n�e�,� �c�o�n�s�t�r�u�c�t�e�d� �i�n� �1�9�4�1� �a�n�d� �u�n�s�u�r�p�a�s�s�e�d� �i�n� 

�s�i�z�e� �u�n�t�i�l� �t�h�e� �m�i�d�-�1�9�7�0�s�.� �W�i�n�d�p�o�w�e�r� �h�i�s�t�o�r�i�a�n�s� �a�n�d� �p�a�r�t�i�c�i�p�a�n�t�s� �a�l�i�k�e� �i�d�e�n�t�i�f�y� �P�u�t�n�a�m ��s� 

�p�r�o�j�e�c�t� �a�s� �s�e�m�i�n�a�l�,� �f�o�r�e�s�h�a�d�o�w�i�n�g� �n�u�m�e�r�o�u�s� �i�s�s�u�e�s� �a�d�d�r�e�s�s�e�d� �b�y� �f�u�t�u�r�e� �e�n�g�i�n�e�e�r�s� �a�n�d� 

�m�a�n�a�g�e�r�s�.� �B�e�a�u�c�h�a�m�p� �S�m�i�t�h�,� �f�o�r�m�e�r� �v�i�c�e�-�p�r�e�s�i�d�e�n�t� �o�f� �t�h�e� �f�i�r�m� �t�h�a�t� �c�o�n�s�t�r�u�c�t�e�d� �t�h�e� �t�u�r�b�i�n�e�,� 

�t�o�l�d� �p�a�r�t�i�c�i�p�a�n�t�s� �a�t� �t�h�e� �f�i�r�s�t� �F�e�d�e�r�a�l� �w�i�n�d�-�e�n�e�r�g�y� �w�o�r�k�s�h�o�p� �i�n� �1�9�7�3� �t�h�a�t� �t�h�e� �a�t�t�e�m�p�t� �t�o� 

�g�e�n�e�r�a�t�e� �e�l�e�c�t�r�i�c�i�t�y� �f�r�o�m� �w�i�n�d� �p�o�w�e�r� �s�u�c�c�e�e�d�e�d� �t�e�c�h�n�o�l�o�g�i�c�a�l�l�y�;� �"�W�h�a�t� �i�t� �d�i�d� �n�o�t� �p�r�o�v�e�,�"� �h�e� 

�c�a�u�t�i�o�n�e�d�,� �"�i�s� �t�h�a�t� �t�h�i�s� �c�a�n� �b�e� �d�o�n�e� �o�n� �a�n� �e�c�o�n�o�m�i�c�a�l�l�y� �f�e�a�s�i�b�l�e� �b�a�s�i�s�!�"�°�?� �B�o�t�h� �S�m�i�t�h� �a�n�d� 

� � 

 � ��B�u�r�e�a�u� �o�f� �t�h�e� �C�e�n�s�u�s�,� �H�i�s�t�o�r�i�c�a�l� �S�t�a�t�i�s�t�i�c�s�,� �S�/�1�2�.� �T�h�e�s�e� �f�i�g�u�r�e�s� �d�o� �n�o�t� �s�p�e�c�i�f�y� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �w�i�n�d� 
�m�a�c�h�i�n�e�s�.� 

�*�8�P�a�l�m�e�r� �C�.� �P�u�t�n�a�m�,� �P�o�w�e�r� �F�r�o�m� �t�h�e� �W�i�n�d� �(�N�e�w� �Y�o�r�k�:� �V�a�n� �N�o�s�t�r�a�n�d� �R�e�i�n�h�o�l�d� �C�o�m�p�a�n�y�,� �1�9�4�8�)�,� �p�.� �3�.� 

 ��B�e�a�u�c�h�a�m�p� �E�.� �S�m�i�t�h�,� �"�S�m�i�t�h�-�P�u�t�n�a�m� �W�i�n�d� �T�u�r�b�i�n�e� �E�x�p�e�r�i�m�e�n�t�"� �i�n� �S�a�v�i�n�o� �(�e�d�.�)�,� �W�o�r�k�s�h�o�p� �P�r�o�c�e�e�d�i�n�g�s�,� 
�p�p�.� �5�-�1�0�.� 

�5�3



�P�u�t�n�a�m� �h�i�m�s�e�l�f� �c�a�l�l�e�d� �t�h�e� �p�r�o�j�e�c�t� �a� �f�a�i�l�u�r�e�,� �i�n�d�i�c�a�t�i�n�g� �t�h�e�i�r� �t�r�u�e� �g�o�a�l�:� �n�o�t� �t�o� �c�r�e�a�t�e� �s�i�m�p�l�y� �a� 

�m�a�c�h�i�n�e�,� �b�u�t� �t�o� �i�n�t�e�g�r�a�t�e� �a� �g�e�n�e�r�a�t�i�o�n� �t�e�c�h�n�o�l�o�g�y� �i�n�t�o� �t�h�e� �e�x�i�s�t�i�n�g� �u�t�i�l�i�t�y� �s�y�s�t�e�m�.� 

�I�n� �t�h�e� �l�a�t�e� �1�9�3�0�s�,� �t�h�e� �S�.� �M�o�r�g�a�n� �S�m�i�t�h� �C�o�m�p�a�n�y�,� �m�a�n�u�f�a�c�t�u�r�e�r�s� �o�f� �h�y�d�r�o�-�e�l�e�c�t�r�i�c� 

�e�q�u�i�p�m�e�n�t�,� �b�e�c�a�m�e� �c�o�n�c�e�r�n�e�d� �o�v�e�r� �t�h�e� �i�n�c�r�e�a�s�i�n�g� �s�c�a�r�c�i�t�y� �o�f� �g�o�o�d� �h�y�d�r�o�p�o�w�e�r� �s�i�t�e�s�.� �A�s� �a�n� 

�e�x�p�e�r�i�m�e�n�t� �i�n� �d�i�v�e�r�s�i�f�i�c�a�t�i�o�n�,� �t�h�e�y� �a�g�r�e�e�d� �t�o� �b�u�i�l�d� �P�u�t�n�a�m ��s� �t�u�r�b�i�n�e�.� �P�u�t�n�a�m� �a�n�d� �t�h�e� �S�m�i�t�h� 

�C�o�m�p�a�n�y� �b�e�l�i�e�v�e�d� �t�h�a�t�,� �d�u�e� �t�o� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �o�f� �t�h�e� �w�i�n�d�,� �t�u�r�b�i�n�e�s� �r�e�q�u�i�r�e�d� �s�t�o�r�a�g�e� �o�r� 

�b�a�c�k�u�p� �p�o�w�e�r�.� �F�r�e�e�-�s�t�a�n�d�i�n�g� �a�e�r�o�g�e�n�e�r�a�t�o�r�-�b�a�t�t�e�r�y� �s�e�t�s� �o�f�f�e�r�e�d� �e�x�p�e�n�s�i�v�e�,� �i�n�e�f�f�i�c�i�e�n�t� �a�n�d� 

�t�e�m�p�o�r�a�r�y� �s�t�o�r�a�g�e�;� �P�u�t�n�a�m� �a�n�d� �t�h�e� �S�m�i�t�h� �C�o�m�p�a�n�y� �s�a�w� �m�o�r�e� �p�o�t�e�n�t�i�a�l� �i�n� �t�h�e� �p�u�m�p�e�d�-�w�a�t�e�r� 

�s�t�o�r�a�g�e� �s�y�s�t�e�m�s� �u�s�e�d� �b�y� �u�t�i�l�i�t�i�e�s�.� �I�n� �s�u�c�h� �s�y�s�t�e�m�s�,� �e�l�e�c�t�r�i�c� �p�u�m�p�s� �f�i�l�l� �e�l�e�v�a�t�e�d� �r�e�s�e�r�v�o�i�r�s� 

�d�u�r�i�n�g� �p�e�r�i�o�d�s� �o�f� �c�h�e�a�p� �o�r� �a�v�a�i�l�a�b�l�e� �p�o�w�e�r�;� �t�h�e� �u�t�i�l�i�t�y� �t�h�e�n� �r�e�l�e�a�s�e�s� �t�h�e� �w�a�t�e�r� �t�o� �p�a�s�s� 

�t�h�r�o�u�g�h� �h�y�d�r�o�e�l�e�c�t�r�i�c� �g�e�n�e�r�a�t�o�r�s� �w�h�e�n� �e�l�e�c�t�r�i�c�i�t�y� �c�o�s�t�s� �m�o�r�e� �t�o� �p�r�o�d�u�c�e� �o�r� �w�h�e�n� �d�e�m�a�n�d� 

�e�x�c�e�e�d�s� �a�v�a�i�l�a�b�l�e� �g�e�n�e�r�a�t�i�n�g� �c�a�p�a�c�i�t�y�.� �T�h�e� �C�e�n�t�r�a�l� �V�e�r�m�o�n�t� �P�u�b�l�i�c� �U�t�i�l�i�t�y� �C�o�r�p�o�r�a�t�i�o�n�,� 

�f�o�r�c�e�d� �b�y� �i�n�s�u�f�f�i�c�i�e�n�t� �g�e�n�e�r�a�t�i�n�g� �c�a�p�a�c�i�t�y� �t�o� �b�u�y� �w�h�o�l�e�s�a�l�e� �p�o�w�e�r�,� �a�g�r�e�e�d� �i�n� �1�9�3�9� �t�o� 

�p�u�r�c�h�a�s�e� �t�h�e� �t�u�r�b�i�n�e ��s� �o�u�t�p�u�t�.� 

�P�u�t�n�a�m� �a�s�s�e�m�b�l�e�d� �a� �h�i�g�h�-�p�r�o�f�i�l�e� �t�e�a�m� �o�f� �e�x�p�e�r�t�s� �t�o� �s�e�l�e�c�t� �a� �s�i�t�e�,� �c�a�r�r�y� �o�u�t� �d�e�s�i�g�n�-� 

�c�o�s�t� �s�t�u�d�i�e�s�,� �a�n�d� �o�p�e�r�a�t�e� �a� �p�r�e�-�p�r�o�d�u�c�t�i�o�n� �p�r�o�t�o�t�y�p�e�.� �B�e�c�a�u�s�e� �t�h�e� �e�n�e�r�g�y� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �t�h�e� 

�w�i�n�d� �v�a�r�i�e�s� �w�i�t�h� �t�h�e� �c�u�b�e� �o�f� �t�h�e� �w�i�n�d�s�p�e�e�d�,� �e�c�o�n�o�m�i�c� �o�p�e�r�a�t�i�o�n� �o�f� �w�i�n�d� �t�u�r�b�i�n�e�s� �d�e�m�a�n�d�s� 

�h�i�g�h�l�y� �a�c�c�u�r�a�t�e� �p�l�a�c�e�m�e�n�t�.� �W�h�e�n� �t�h�e� �t�e�a�m� �t�u�r�n�e�d� �i�t�s� �a�t�t�e�n�t�i�o�n� �t�o� �t�h�e� �t�a�s�k� �o�f� �s�i�t�e� �s�e�l�e�c�t�i�o�n�,� 

�h�o�w�e�v�e�r�,� �t�h�e�y� �f�o�u�n�d� �o�n�l�y� �m�e�a�g�e�r� �t�h�e�o�r�e�t�i�c�a�l� �k�n�o�w�l�e�d�g�e� �o�f� �w�i�n�d� �b�e�h�a�v�i�o�r�,� �a�n�d� �f�e�w� �d�e�t�a�i�l�e�d� 

�s�t�u�d�i�e�s� �o�f� �p�o�s�s�i�b�l�e� �l�o�c�a�t�i�o�n�s�.� �P�r�e�v�i�o�u�s� �i�n�v�e�s�t�i�g�a�t�o�r�s� �h�a�d� �m�a�p�p�e�d� �w�i�n�d� �c�o�n�d�i�t�i�o�n�s� �o�n�l�y� �n�e�a�r� 

�a�i�r�p�o�r�t�s�,� �l�o�c�a�t�e�d� �a�t� �s�i�t�e�s� �c�h�o�s�e�n� �p�r�e�c�i�s�e�l�y� �f�o�r� �t�h�e�i�r� �c�a�l�m�n�e�s�s�.� �T�h�e� �t�e�a�m� �e�v�e�n�t�u�a�l�l�y� �a�s�s�e�m�b�l�e�d� 

�t�h�e�i�r� �o�w�n� �m�e�a�s�u�r�e�m�e�n�t� �d�e�v�i�c�e�s� �a�n�d� �p�r�o�c�e�d�u�r�e�s�,� �i�n�c�l�u�d�i�n�g� �"�e�c�o�l�o�g�i�c�a�l�"� �t�e�c�h�n�i�q�u�e�s�,� �w�h�i�c�h� 

�d�e�d�u�c�e�d� �p�a�s�t� �w�i�n�d� �c�o�n�d�i�t�i�o�n�s� �b�y� �e�x�a�m�i�n�i�n�g� �p�l�a�n�t� �f�o�r�m�a�t�i�o�n�s� �a�n�d� �t�o�p�o�g�r�a�p�h�y�.� �T�h�e�y� �s�e�t�t�l�e�d� 

�o�n� �G�r�a�n�d�p�a ��s� �K�n�o�b�,� �n�e�a�r� �R�u�t�l�a�n�d�,� �V�T�,� �w�h�e�r�e� �n�e�i�g�h�b�o�r�i�n�g� �m�o�u�n�t�a�i�n�s� �a�c�t�e�d� �a�s� �n�a�t�u�r�a�l� 

�a�i�r�f�o�i�l�s� �t�o� �f�o�c�u�s� �t�h�e� �w�i�n�d� �o�n�t�o� �t�h�e� �t�u�r�b�i�n�e�.� 

� � 

�°�S�e�e�,� �f�o�r� �e�x�a�m�p�l�e�:� �I�n�g�l�i�s�,� �W�i�n�d� �P�o�w�e�r�,� �p�p�.� �7�-�8�;� �E�l�d�r�i�d�g�e�,� �W�i�n�d� �M�a�c�h�i�n�e�s�,� �p�.� �2�4�;� �T�o�r�r�e�y�,� �W�i�n�d�-�C�a�t�c�h�e�r�s�,� �p�p�.� 
�1�3�0�-�1�4�0�;� �K�o�v�a�r�i�k�,� �P�i�p�h�e�r� �a�n�d� �H�u�r�s�t�,� �W�i�n�d� �E�n�e�r�g�y�,� �p�p�.� �1�3�-�1�5�;� �M�i�n�c�h�i�n�t�o�n�,� �"�W�i�n�d� �P�o�w�e�r�, �� �p�.� �3�6�.� �M�y� �a�c�c�o�u�n�t� 
�d�r�a�w�s� �o�n� �t�h�e�s�e� �p�i�e�c�e�s�,� �a�s� �w�e�l�l� �a�s� �S�m�i�t�h ��s� �t�a�l�k� �a�n�d� �P�u�t�n�a�m ��s� �r�e�p�o�r�t�,� �l�a�t�e�r� �p�u�b�l�i�s�h�e�d� �a�s� �a� �b�o�o�k�,� �c�i�t�e�d� �a�b�o�v�e�.� 

�5�4



�B�e�c�a�u�s�e� �e�l�e�c�t�r�i�c�i�t�y� �t�o�o� �h�i�g�h� �i�n� �f�r�e�q�u�e�n�c�y� �c�o�u�l�d� �d�a�m�a�g�e� �u�t�i�l�i�t�y� �e�q�u�i�p�m�e�n�t�,� �t�h�e� �t�u�r�b�i�n�e� 

�h�a�d� �t�o� �m�a�i�n�t�a�i�n� �a� �c�o�n�s�t�a�n�t� �s�p�e�e�d� �o�f� �r�o�t�a�t�i�o�n�.� �T�o� �a�c�c�o�m�p�l�i�s�h� �t�h�i�s� �f�e�a�t�,� �P�u�t�n�a�m� �f�i�r�s�t� 

�c�o�n�s�i�d�e�r�e�d� �b�l�a�d�e� �f�l�a�p�s� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �o�n� �a�i�r�p�l�a�n�e� �w�i�n�g�s�;� �i�n� �h�i�g�h� �w�i�n�d�s�,� �t�h�e� �f�l�a�p�s� �w�o�u�l�d� 

�o�p�e�n�,� �c�r�e�a�t�i�n�g� �a� �l�e�s�s� �e�f�f�i�c�i�e�n�t� �a�i�r�f�o�i�l� �a�n�d� �s�l�o�w�i�n�g� �r�o�t�a�t�i�o�n�.� �R�e�s�e�a�r�c�h�e�r�s� �k�n�e�w� �l�i�t�t�l�e� �a�b�o�u�t� �t�h�e� 

�u�s�e� �o�f� �s�u�c�h� �f�l�a�p�s� �o�n� �t�u�r�b�i�n�e�s�,� �s�o� �P�u�t�n�a�m� �s�e�l�e�c�t�e�d� �a� �t�e�c�h�n�o�l�o�g�y� �p�i�o�n�e�e�r�e�d� �b�y� �H�a�m�i�l�t�o�n� 

�S�t�a�n�d�a�r�d� �P�r�o�p�e�l�l�e�r�s� �f�o�r� �h�y�d�r�a�u�l�i�c� �t�u�r�b�i�n�e�s� �a�n�d� �u�s�e�d� �i�n� �e�a�r�l�y� �a�e�r�o�g�e�n�e�r�a�t�o�r�s�.� �A� �f�l�y�-�b�a�l�l� 

�g�o�v�e�r�n�o�r� �a�d�j�u�s�t�e�d� �t�h�e� �b�l�a�d�e�s �� �p�i�t�c�h� �i�n� �h�i�g�h� �w�i�n�d�s�,� �t�h�e�r�e�b�y� �r�e�d�u�c�i�n�g� �r�o�t�a�t�i�o�n�a�l�,� �t�o�r�q�u�e� �o�n� �t�h�e� 

�g�e�n�e�r�a�t�o�r�,� �a�n�d� �p�o�w�e�r� �f�r�e�q�u�e�n�c�y�.� �D�u�r�i�n�g� �g�a�l�e�s�,� �t�h�e� �b�l�a�d�e�s� �f�e�a�t�h�e�r�e�d� �c�o�m�p�l�e�t�e�l�y�,� �t�u�r�n�i�n�g� 

�p�a�r�a�l�l�e�l� �t�o� �t�h�e� �w�i�n�d�.� 

�T�h�e� �t�e�a�m� �m�a�d�e� �c�o�u�n�t�l�e�s�s� �o�t�h�e�r� �d�e�s�i�g�n� �d�e�c�i�s�i�o�n�s�.� �T�h�e� �t�u�r�b�i�n�e� �f�l�e�w� �o�n�l�y� �t�w�o� �b�l�a�d�e�s�;� 

�t�h�e� �m�i�n�i�m�a�l� �i�n�c�r�e�a�s�e� �i�n� �p�o�w�e�r� �o�f�f�e�r�e�d� �b�y� �a� �t�h�i�r�d� �d�i�d� �n�o�t� �j�u�s�t�i�f�y� �t�h�e� �e�x�t�r�a� �m�a�t�e�r�i�a�l� �c�o�s�t�.� 

�P�u�t�n�a�m� �b�u�i�l�t� �t�h�e� �t�u�r�b�i�n�e� �a�s� �a�n� �"�u�p�w�i�n�d�"� �u�n�i�t�,� �w�i�t�h� �t�h�e� �r�o�t�o�r� �r�e�c�e�i�v�i�n�g� �t�h�e� �w�i�n�d� �b�e�f�o�r�e� �t�h�e� 

�t�o�w�e�r�.� �T�h�i�s� �a�v�o�i�d�e�d� �a�e�r�o�d�y�n�a�m�i�c� �i�n�t�e�r�f�e�r�e�n�c�e� �f�r�o�m� �t�h�e� �t�o�w�e�r� �o�n� �t�h�e� �r�o�t�o�r�,� �b�u�t� �m�a�d�e� 

�n�e�c�e�s�s�a�r�y� �a� �"�y�a�w�"� �m�o�t�o�r� �t�o� �h�e�a�d� �t�h�e� �r�o�t�o�r� �i�n�t�o� �t�h�e� �w�i�n�d�.� �(�D�o�w�n�w�i�n�d� �m�a�c�h�i�n�e�s� 

�a�u�t�o�m�a�t�i�c�a�l�l�y� �f�o�l�l�o�w� �t�h�e� �w�i�n�d�,� �l�i�k�e� �a� �s�a�i�l�i�n�g� �s�h�i�p�.�)� �T�h�e� �y�a�w� �m�o�t�o�r� �a�l�s�o� �a�l�l�e�v�i�a�t�e�d� �t�h�e� 

�v�i�b�r�a�t�i�o�n� �o�b�s�e�r�v�e�d� �b�y� �J�a�c�o�b�s� �i�n� �t�w�o�-�b�l�a�d�e�d� �w�i�t�h� �f�r�e�e� �d�o�w�n�w�i�n�d� �y�a�w�.� �T�h�e� �b�l�a�d�e�s� �c�o�n�e�d�;� 

�t�h�a�t� �i�s�,� �t�h�e�y� �r�e�a�c�t�e�d� �i�n�d�e�p�e�n�d�e�n�t�l�y� �t�o� �c�h�a�n�g�e�s� �i�n� �w�i�n�d� �s�h�e�a�r�,� �a�l�l�o�w�i�n�g� �f�o�r� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� 

�w�i�n�d� �a�n�g�l�e� �a�t� �t�h�e� �t�r�o�u�g�h� �a�n�d� �p�e�a�k� �o�f� �t�h�e� �r�o�t�a�t�i�o�n�.� �W�h�i�l�e� �a�i�r�c�r�a�f�t� �e�n�g�i�n�e�e�r�s� �h�a�d� �a�b�a�n�d�o�n�e�d� 

�t�h�i�s� �t�e�c�h�n�i�q�u�e� �i�n� �f�a�v�o�r� �o�f� �p�r�o�p�e�l�l�e�r�s� �w�i�t�h� �b�l�a�d�e�s� �f�i�x�e�d� �a�t� �a� �b�u�i�l�t�-�i�n� �c�o�n�i�n�g� �a�n�g�l�e�,� �P�u�t�n�a�m� �f�e�l�t� 

�t�r�u�e� �c�o�n�i�n�g� �n�e�c�e�s�s�a�r�y� �i�n� �a� �r�o�t�o�r� �s�o� �h�u�g�e�.� �T�h�e� �a�x�i�s� �o�f� �t�h�e� �r�o�t�o�r� �t�i�l�t�e�d� �1�2�.�5� �d�e�g�r�e�e�s� �i�n�t�o� �t�h�e� 

�w�i�n�d�s� �b�l�o�w�i�n�g� �d�o�w�n� �o�f�f� �t�h�e� �n�e�a�r�b�y� �m�o�u�n�t�a�i�n�s�;� �t�h�i�s� �g�e�n�e�r�o�u�s� �a�n�g�l�e� �a�l�s�o� �e�n�s�u�r�e�d� �t�h�a�t� �t�h�e� 

�b�l�a�d�e�s�,� �w�h�e�n� �c�o�n�i�n�g�,� �w�o�u�l�d� �c�l�e�a�r� �t�h�e� �t�o�w�e�r�.� �F�i�n�a�l�l�y�,� �t�h�e� �t�e�a�m� �s�e�l�e�c�t�e�d� �a� �s�y�n�c�h�r�o�n�o�u�s� 

�g�e�n�e�r�a�t�o�r�,� �t�u�r�n�i�n�g� �a�t� �a� �c�o�n�s�t�a�n�t� �s�p�e�e�d� �t�o� �p�r�o�d�u�c�e� �e�l�e�c�t�r�i�c�i�t�y� �a�t� �6�0� �c�y�c�l�e�s� �p�e�r� �s�e�c�o�n�d�,� �i�n� �p�h�a�s�e� 

�w�i�t�h� �t�h�e� �e�l�e�c�t�r�i�c�i�t�y� �i�n� �m�o�s�t� �u�t�i�l�i�t�y� �g�r�i�d�s�.� �T�h�e�y� �p�l�a�c�e�d� �t�h�e� �g�e�n�e�r�a�t�o�r� �a�l�o�f�t� �i�n� �t�h�e� �r�o�t�o�r� 

�h�o�u�s�i�n�g�;� �a�l�t�h�o�u�g�h� �t�h�i�s� �n�e�c�e�s�s�i�t�a�t�e�d� �a� �s�t�r�o�n�g�e�r�,� �m�o�r�e� �e�x�p�e�n�s�i�v�e� �t�o�w�e�r�,� �i�t� �a�v�o�i�d�e�d� �t�h�e� �g�r�e�a�t�e�r� 

�e�x�p�e�n�s�e� �o�f� �a� �c�o�m�p�l�e�x� �d�r�i�v�e�-�t�r�a�i�n� �c�o�n�n�e�c�t�e�d� �t�o� �a� �s�t�a�b�l�e� �g�e�n�e�r�a�t�o�r� �l�o�c�a�t�e�d� �o�n� �t�h�e� �g�r�o�u�n�d�.� 

�A�m�o�n�g� �t�h�e� �d�e�s�i�g�n� �v�a�r�i�a�b�l�e�s� �c�o�n�s�i�d�e�r�e�d�,� �t�u�r�b�i�n�e� �s�i�z�e� �p�r�o�v�e�d� �c�r�u�c�i�a�l� �t�o� �e�c�o�n�o�m�i�c� 

�p�e�r�f�o�r�m�a�n�c�e�.� �E�a�r�l�i�e�r� �w�i�n�d� �m�a�c�h�i�n�e�s� �h�a�d� �c�o�m�p�l�e�t�e�l�y� �m�e�t� �u�s�e�r�s �� �n�e�e�d�s� �f�o�r� �g�r�i�n�d�i�n�g�,� �w�a�t�e�r�,� �o�r� 
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�p�o�w�e�r�,� �a�n�d� �t�h�u�s� �u�s�e�r�s� �p�u�r�c�h�a�s�e�d� �m�a�c�h�i�n�e�s� �l�a�r�g�e� �e�n�o�u�g�h� �t�o� �m�e�e�t� �t�h�e�i�r� �g�r�e�a�t�e�s�t� �n�e�e�d� �a�t� �a�n�y� 

�g�i�v�e�n� �m�o�m�e�n�t�.� �B�u�t� �a�s� �a� �u�t�i�l�i�t�y� �s�u�p�p�l�y� �t�e�c�h�n�o�l�o�g�y�,� �t�h�e� �S�m�i�t�h�-�P�u�t�n�a�m� �w�i�n�d� �t�u�r�b�i�n�e� �p�r�o�d�u�c�e�d� 

�a�n� �a�g�g�r�e�g�a�t�e� �c�o�m�m�o�d�i�t�y�,� �p�o�o�l�e�d� �i�n� �t�h�e� �C�e�n�t�r�a�l� �V�e�r�m�o�n�t� �g�r�i�d�.� �T�h�u�s�,� �P�u�t�n�a�m� �h�a�d� �t�o� �i�d�e�n�t�i�f�y� 

�t�h�e� �u�n�i�t� �s�i�z�e� �c�a�p�a�b�l�e� �o�f� �g�e�n�e�r�a�t�i�n�g� �t�h�e� �c�h�e�a�p�e�s�t� �e�n�e�r�g�y�.� �H�e� �c�h�o�s�e� �t�o� �o�p�t�i�m�i�z�e� �c�o�s�t� �p�e�r� 

�k�i�l�o�w�a�t�t� �o�f� �i�n�s�t�a�l�l�e�d� �g�e�n�e�r�a�t�i�n�g� �c�a�p�a�c�i�t�y� �(�$�/�k�W�)�.� �P�u�t�n�a�m ��s� �i�n�i�t�i�a�l� �s�t�u�d�y�,� �w�h�i�c�h� �h�y�p�o�t�h�e�s�i�z�e�d� 

�a� �r�u�n� �o�f� �1�0�0� �u�n�i�t�s�,� �i�n�d�i�c�a�t�e�d� �a�s� �t�h�e� �m�o�s�t� �e�c�o�n�o�m�i�c�a�l� �t�u�r�b�i�n�e� �o�n�e� �w�i�t�h� �a� �r�o�t�o�r� �d�i�a�m�e�t�e�r� �o�f� 

�2�2�6� �f�e�e�t� �a�n�d� �a� �c�a�p�a�c�i�t�y� �o�f� �6�0�0� �k�W�.� �L�a�t�e�r� �i�n�v�e�s�t�i�g�a�t�i�o�n�s� �c�o�m�m�i�s�s�i�o�n�e�d� �b�y� �t�h�e� �S�m�i�t�h� 

�C�o�m�p�a�n�y� �l�e�d� �t�o� �p�r�o�d�u�c�t�i�o�n� �o�f� �a� �1�2�5�0�-�k�W� �t�e�s�t� �u�n�i�t� �w�i�t�h� �a� �1�7�5�-�f�o�o�t� �r�o�t�o�r� �o�n� �a� �1�5�0�-�f�o�o�t� 

�t�o�w�e�r�,� �t�h�e� �s�m�a�l�l�e�s�t� �t�u�r�b�i�n�e� �c�o�n�s�i�d�e�r�e�d� �d�y�n�a�m�i�c�a�l�l�y� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �o�f� �t�h�e� �u�l�t�i�m�a�t�e� �p�r�o�d�u�c�t�i�o�n� 

�u�n�i�t�.� �O�p�e�r�a�t�i�o�n� �o�f� �t�h�i�s� �p�r�e�-�p�r�o�d�u�c�t�i�o�n� �u�n�i�t� �l�e�d� �t�o� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �t�h�a�t� �f�u�t�u�r�e� �r�o�t�o�r� 

�d�i�a�m�e�t�e�r�s� �l�i�e� �b�e�t�w�e�e�n� �1�7�5� �a�n�d� �2�2�5� �f�e�e�t�,� �t�o�w�e�r� �h�e�i�g�h�t�s� �b�e�t�w�e�e�n� �1�5�0� �a�n�d� �1�7�5� �f�e�e�t�,� �a�n�d� 

�c�a�p�a�c�i�t�i�e�s� �b�e�t�w�e�e�n� �1�5�0�0� �a�n�d� �2�5�0�0� �k�W�-�-�a� �t�h�o�u�s�a�n�d� �t�i�m�e�s� �t�h�e� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �J�a�c�o�b�s �� �2�.�5�-�k�W� 

�a�e�r�o�g�e�n�e�r�a�t�o�r�!� 

�T�h�e� �P�u�t�n�a�m�-�S�m�i�t�h� �t�u�r�b�i�n�e� �w�e�n�t� �"�o�n� �l�i�n�e�"� �i�n� �O�c�t�o�b�e�r� �o�f� �1�9�4�1�.� �I�t� �p�e�r�f�o�r�m�e�d� �w�e�l�l�,� 

�e�x�c�e�e�d�i�n�g� �i�t�s� �r�a�t�e�d� �c�a�p�a�c�i�t�y� �o�f� �1�2�5�0� �k�W� �b�y� �g�e�n�e�r�a�t�i�n�g� �u�p� �t�o� �1�5�0�0� �k�W� �i�n� �w�i�n�d�s� �u�p� �t�o� �7�0� 

�m�p�h�.� �I�n� �F�e�b�r�u�a�r�y� �1�9�4�3�,� �a� �b�e�a�r�i�n�g� �f�a�i�l�e�d�.� �D�u�e� �t�o� �w�a�r�t�i�m�e� �s�h�o�r�t�a�g�e�s� �o�f� �m�a�t�e�r�i�a�l�s� �f�o�r� �n�o�n�-� 

�m�i�l�i�t�a�r�y� �a�p�p�l�i�c�a�t�i�o�n�s�,� �i�t� �t�o�o�k� �t�w�o� �y�e�a�r�s� �t�o� �r�e�p�l�a�c�e�.� �I�n� �t�h�e� �i�n�t�e�r�i�m�,� �t�h�e� �t�e�a�m� �d�i�s�c�o�v�e�r�e�d� �s�t�r�e�s�s� 

�f�r�a�c�t�u�r�e�s� �a�t� �o�n�e� �b�l�a�d�e� �r�o�o�t�,� �b�u�t� �t�h�e�y� �i�m�p�a�t�i�e�n�t�l�y� �d�e�c�i�d�e�d� �t�o� �c�o�n�t�i�n�u�e� �t�h�e� �t�e�s�t�i�n�g�.� �F�o�r� �a� �t�i�m�e� 

�a�l�l� �w�e�n�t� �w�e�l�l�,� �b�u�t� �i�n� �M�a�r�c�h� �o�f� �1�9�4�5�,� �t�h�e� �t�u�r�b�i�n�e� �"�t�h�r�e�w� �a� �b�l�a�d�e�,�"� �w�h�i�c�h� �l�a�n�d�e�d� �7�5�0� �f�e�e�t� 

�a�w�a�y�.� 

�F�o�l�l�o�w�i�n�g� �t�h�e� �d�i�s�a�s�t�e�r�,� �P�u�t�n�a�m� �e�s�t�i�m�a�t�e�d� �t�h�a�t� �a� �b�l�o�c�k� �o�f� �s�i�x� �n�e�w� �t�e�s�t� �u�n�i�t�s� �w�o�u�l�d� 

�c�o�s�t� �$�1�9�0�/�k�W�.� �A�f�t�e�r� �C�e�n�t�r�a�l� �V�e�r�m�o�n�t� �a�n�n�o�u�n�c�e�d� �t�h�a�t� �t�h�e�y� �w�o�u�l�d� �p�a�y� �o�n�l�y� �$�1�2�5�/�k�W�,� �t�h�e� 

�c�o�s�t� �o�f� �c�o�m�p�a�r�a�b�l�e� �c�o�n�v�e�n�t�i�o�n�a�l� �p�o�w�e�r�,� �S�.� �M�o�r�g�a�n� �S�m�i�t�h� �d�e�c�l�i�n�e�d� �t�o� �i�n�v�e�s�t� �f�u�r�t�h�e�r� �i�n� �t�h�e� 

�p�r�o�j�e�c�t�.� �B�e�a�u�c�h�a�m�p� �S�m�i�t�h� �r�e�c�a�l�l�e�d� �t�h�a�t� �"�t�h�e� �t�e�s�t� �u�n�i�t� �w�a�s� �d�i�s�m�a�n�t�l�e�d� �a�n�d� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� 

�s�i�t�e�,� �t�h�e� �p�a�t�e�n�t�s� �a�n�d� �p�a�t�e�n�t� �a�p�p�l�i�c�a�t�i�o�n�s� �w�e�r�e� �d�e�d�i�c�a�t�e�d� �t�o� �t�h�e� �p�u�b�l�i�c� �d�o�m�a�i�n�,� �a�n�d� �t�h�e� 

�i�n�v�e�s�t�m�e�n�t� �w�r�i�t�t�e�n� �o�f�f� �t�o� �e�x�p�e�r�i�e�n�c�e�.�"�* �� �M�e�a�n�w�h�i�l�e�,� �P�u�t�n�a�m� �s�u�g�g�e�s�t�e�d� �i�n� �h�i�s� �f�i�n�a�l� �r�e�p�o�r�t� 

� � 

�l�S�m�i�t�h�,� �"�T�u�r�b�i�n�e� �E�x�p�e�r�i�m�e�n�t�"� �i�n� �S�a�v�i�n�o� �(�e�d�.�)�,� �W�o�r�k�s�h�o�p� �P�r�o�c�e�e�d�i�n�g�s�,� �p�.� �7�.� 
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�w�a�y�s� �i�n� �w�h�i�c�h� �f�u�t�u�r�e� �w�o�r�k�e�r�s� �m�i�g�h�t� �b�r�i�d�g�e� �t�h�e� �g�a�p� �o�f� �$�6�5�/�k�W�.� �H�e� �n�o�t�e�d� �t�h�a�t� �t�h�e� �p�r�e�-� 

�p�r�o�d�u�c�t�i�o�n� �u�n�i�t� �h�a�d� �n�o�t� �b�e�n�e�f�i�t�t�e�d� �f�r�o�m� �c�o�m�p�e�t�i�t�i�v�e� �b�i�d�d�i�n�g�.� �H�e� �a�l�s�o� �h�o�p�e�d� �f�o�r� �e�c�o�n�o�m�i�e�s� 

�o�f� �m�a�s�s� �p�r�o�d�u�c�t�i�o�n�,� �p�o�i�n�t�i�n�g� �o�u�t� �t�h�a�t� �w�h�i�l�e� �m�a�s�s�-�p�r�o�d�u�c�e�d� �s�t�e�e�l� �b�o�x� �c�a�r�s� �c�o�s�t� �o�n�l�y� �s�i�x� �c�e�n�t�s� 

�p�e�r� �p�o�u�n�d� �t�o� �p�r�o�d�u�c�e�,� �t�h�e� �c�u�s�t�o�m�-�m�a�d�e� �t�u�r�b�i�n�e� �b�l�a�d�e�s� �c�o�s�t� �a�l�m�o�s�t� �e�i�g�h�t� �t�i�m�e�s� �t�h�a�t�.� 

�P�u�t�n�a�m� �a�n�d� �h�i�s� �t�e�a�m� �a�t�t�r�i�b�u�t�e�d� �t�h�e� �c�a�t�a�s�t�r�o�p�h�i�c� �f�a�i�l�u�r�e� �t�o� �t�h�e� �s�h�o�r�t�c�u�t�s� �t�h�e�y� �h�a�d� 

�t�a�k�e�n� �t�o� �a�v�o�i�d� �f�u�r�t�h�e�r� �d�e�l�a�y�s�.� �P�u�t�n�a�m� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �"�t�h�e� �t�e�c�h�n�i�c�a�l� �p�r�o�b�l�e�m�s� �o�f� �t�h�e� �1�2�5�0�-� 

�k�W� �w�i�n�d� �t�u�r�b�i�n�e� �a�r�e� �u�n�d�e�r�s�t�o�o�d� �a�n�d� �h�a�v�e� �b�e�e�n� �s�o�l�v�e�d�.� �T�o� �s�o�l�v�e� �t�h�e� �e�c�o�n�o�m�i�c� �p�r�o�b�l�e�m�s� �o�f� 

�p�u�t�t�i�n�g� �t�h�i�s� �o�r� �a� �l�a�r�g�e�r� �w�i�n�d�-�t�u�r�b�i�n�e� �i�n�t�o� �l�o�w�-�c�o�s�t� �p�r�o�d�u�c�t�i�o�n� �p�r�o�b�a�b�l�y� �r�e�q�u�i�r�e�s� �G�o�v�e�r�n�m�e�n�t� 

�a�i�d�.�"�*�*� �W�h�e�t�h�e�r� �o�r� �n�o�t� �P�u�t�n�a�m� �w�a�s� �c�o�r�r�e�c�t� �i�n� �h�i�s� �c�o�n�f�i�d�e�n�t� �d�i�s�m�i�s�s�a�l� �o�f� �r�e�m�a�i�n�i�n�g� 

�t�e�c�h�n�i�c�a�l� �p�r�o�b�l�e�m�s�,� �t�h�e� �s�t�o�r�y� �o�f� �t�h�e� �t�u�r�b�i�n�e� �a�t� �G�r�a�n�d�p�a ��s� �K�n�o�b� �i�l�l�u�s�t�r�a�t�e�d� �s�e�v�e�r�a�l� �i�m�p�o�r�t�a�n�t� 

�p�o�i�n�t�s�:� 

�>�W�h�i�l�e� �w�i�n�d� �t�u�r�b�i�n�e�s� �h�a�d� �p�r�e�v�i�o�u�s�l�y� �f�a�i�l�e�d� �t�o� �p�r�o�v�i�d�e� �a�n� �d�e�c�e�n�t�r�a�l�i�z�e�d� �a�l�t�e�r�n�a�t�i�v�e� �t�o� 

�u�t�i�l�i�t�y� �p�o�w�e�r�,� �t�h�e�y� �m�i�g�h�t� �p�o�s�s�i�b�l�y� �p�r�o�v�i�d�e� �a� �u�t�i�l�i�t�y� �s�u�p�p�l�y� �t�e�c�h�n�o�l�o�g�y�,� 

�>�E�n�g�i�n�e�e�r�s� �b�e�l�i�e�v�e�d� �t�h�a�t� �w�i�n�d�,� �d�u�e� �t�o� �i�t�s� �v�a�r�i�a�b�i�l�i�t�y�,� �c�o�u�l�d� �o�n�l�y� �f�u�n�c�t�i�o�n� �i�n� �c�o�n�c�e�r�t� 

�w�i�t�h� �e�n�e�r�g�y� �s�t�o�r�a�g�e� �d�e�v�i�c�e�s�;� 

�>�W�i�n�d�p�o�w�e�r ��s� �s�u�c�c�e�s�s� �r�e�q�u�i�r�e�d� �n�o�t� �o�n�l�y� �e�x�t�e�n�s�i�v�e� �m�a�p�p�i�n�g� �o�f� �w�i�n�d� �r�e�s�o�u�r�c�e�s� �b�u�t� 

�a�l�s�o� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �n�e�w� �s�c�i�e�n�t�i�f�i�c� �t�o�o�l�s� �f�o�r� �d�o�i�n�g� �s�o�,� �a�n�d�;� 

�>�M�o�s�t� �i�m�p�o�r�t�a�n�t�,� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �i�d�e�n�t�i�f�i�e�d� �t�w�o� �v�a�r�i�a�b�l�e�s� �o�n� �w�h�i�c�h� �s�u�c�c�e�s�s�f�u�l� 

�d�e�v�e�l�o�p�m�e�n�t� �o�f� �w�i�n�d� �t�u�r�b�i�n�e�s� �w�o�u�l�d� �d�e�p�e�n�d�.� �D�e�v�e�l�o�p�e�r�s� �w�o�u�l�d� �h�a�v�e� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� 

�m�o�s�t� �e�c�o�n�o�m�i�c�a�l� �t�u�r�b�i�n�e� �s�i�z�e� �t�o� �l�o�w�e�r� �e�n�e�r�g�y� �c�o�s�t�,� �a�n�d� �t�h�e�y� �w�o�u�l�d� �h�a�v�e� �t�o� �p�u�r�s�u�e� 

�e�c�o�n�o�m�i�e�s� �o�f� �m�a�s�s� �p�r�o�d�u�c�t�i�o�n� �t�o� �l�o�w�e�r� �i�n�i�t�i�a�l� �c�o�s�t�.� 

�T�h�e�s�e� �c�o�n�c�l�u�s�i�o�n�s� �p�r�o�v�i�d�e�d� �t�h�e� �s�t�a�r�t�i�n�g� �p�o�i�n�t� �f�o�r� �t�h�e� �w�i�n�d� �r�e�n�a�i�s�s�a�n�c�e� �o�f� �t�h�e� �1�9�7�0�s�.� �A�s� �w�e� 

�w�i�l�l� �s�e�e�,� �s�o�m�e� �p�r�o�v�e�d� �m�o�r�e� �o�b�d�u�r�a�t�e� �t�h�a�n� �o�t�h�e�r�s�.� 

� � 

�*�P�u�t�n�a�m�,� �P�o�w�e�r�,� �p�.� �2�1�8�.� �S�o�m�e� �c�o�m�m�e�n�t�a�t�o�r�s� �q�u�e�s�t�i�o�n�e�d� �t�h�e� �a�b�s�o�l�u�t�e� �t�e�c�h�n�i�c�a�l� �s�u�c�c�e�s�s� �o�f� �t�h�e� �p�r�o�j�e�c�t�,� �f�o�r� 
�i�n�s�t�a�n�c�e� �p�o�i�n�t�i�n�g� �o�u�t� �t�h�a�t� �"�t�h�e� �i�n�i�t�i�a�l� �c�a�u�s�e� �o�f� �t�h�e� �r�u�p�t�u�r�e� �w�a�s� �p�r�o�b�a�b�l�y� �a�n� �i�n�a�d�e�q�u�a�t�e� �e�s�t�i�m�a�t�e� �o�f� �t�h�e� �s�t�r�e�s�s�e�s� 
�e�x�e�r�t�e�d� �b�y� �t�h�e� �w�i�n�d� �o�n� �a� �m�e�t�a�l�l�i�c� �s�t�r�u�c�t�u�r�e� �e�x�p�o�s�e�d� �t�o� �t�h�e� �w�i�n�d�.�"� �G�.� �L�a�c�r�o�i�x�,� �"�W�i�n�d� �P�o�w�e�r�,�"� �t�r�a�n�s�l�a�t�i�o�n�:� 
�o�r�i�g�i�n�a�l� �F�r�e�n�c�h� �1�9�4�9�,� �N�A�S�A� �f�i�c�h�e� �N�7�4�-�1�7�7�9�2� �(�M�a�r�c�h� �1�9�7�4�)�,� �p�.� �1�7�.� 
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