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Technology advocates often link their technologies of choice to political
and social aspirations for the future. In the case of renewable energy—
meaning primarily solar power and wind power, though the term also en-
compasses such other energy sources as biomass fuels and hydropower—
advocacy discourse reveals such linkages in strikingly explicit language. In
the United States, especially during the middle decades of the cold war era,
energy technology policy served as an arena for political conflict about the
future of the body politic. Debate about technology became debate about
the future.

As Joseph Corn and others point out, technology advocates almost
invariably envision the future as a paradise brought about either by major
innovations in existing technologies, such as the “home of tomorrow,” or by
new breakthroughs, such as nuclear power.1 But the case of renewable
energy diverges from that model on two counts. First, Corn argues that
technological futurism tends to “blunt politics,” that because technological
futurists believe coming technologies will solve social problems they there-
fore place less emphasis on political action. Just the opposite occurs, how-
ever, when governmental funding and policy play a large role in technolog-
ical development. Renewable-energy advocates sought (and still seek)
favorable government policies to help develop the technologies they
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1. Joseph J. Corn, introduction to Imagining Tomorrow: History, Technology, and the
American Future (Cambridge, Mass., 1986); see also, in the same volume, Stephen L. Del
Sesto, “Wasn’t the Future of Nuclear Energy Wonderful?” and Brian Horrigan, “The
Home of Tomorrow, 1927–1945.”
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desired. A subset of those advocates, motivated by strong ecological con-
cerns, challenged the political status quo itself. Second, this subset, whom I
will call ecological renewable-energy advocates, contested the conventional
notion of progress, which had evolved, in the United States at least, from
the Enlightenment ideal of social and human improvement to an ideal of
technological improvement in which technologies ceased to be mere
instruments of progress and became the very nature of progress itself.2 This
new conception of progress also entailed growing human passivity in the
social and political dimensions of life.3 Ecological renewable-energy advo-
cates questioned the belief that every new technology was inherently pro-
gressive. Their challenge to mainstream notions of progress resulted in a set
of political alignments that stacked the deck heavily against them, despite
their considerable organizational and public support.

Historians increasingly recognize that government policies affect tech-
nological development. Creating new technological systems requires
resources, and many such systems exist because of the massive application
of public resources.4 Governments influence energy technologies through,
among other things, a vast array of subsidies and regulations.5 Not surpris-
ingly, advocates of particular energy technologies have often tried to further
their goals by promoting supportive government policies. However, while
policies influence the evolution of new technologies, they do not determine,
except in rare cases, the exact designs and configurations of the technolog-
ical systems that emerge.6 Indeed, policy may even misfire entirely. Matthias
Heymann makes a persuasive case that government support of wind tur-
bine technology in the United States actually had the unintended result of
seriously setting back the development of that industry there.7 Nonetheless,

2. Leo Marx, “The Idea of ‘Technology’ and Postmodern Pessimism,” in Does Tech-
nology Drive History? The Dilemma of Technological Determinism, ed. Merritt Roe Smith
and Leo Marx (Cambridge, Mass., 1994), 237–58; John M. Staudenmaier, S.J., “Perils of
Progress Talk: Some Historical Considerations,” in Science, Technology, and Social
Progress, ed. Steven L. Goldman (Bethlehem, Pa., 1989), 270–74.

3. Staudenmaier, 270–74. This passivity also fits Corn’s model.
4. Examples are legion: see, for instance, the discussions of the history of govern-

ment funding of water control systems around the world in Donald Worster, Rivers of
Empire: Water, Aridity, and the Growth of the American West (New York, 1985), and of
government funding of the computer industry in National Research Council, Funding a
Revolution: Government Support for Computing Research (Washington, D.C., 1999).

5. Matthias Heymann, “Signs of Hubris: The Shaping of Wind Technology Styles in
Germany, Denmark, and the United States,” Technology and Culture 39 (1998): 641–70;
Richard Hirsh, Power Loss: The Origins of Deregulation and Restructuring in the American
Electric Utility System (Cambridge, Mass., 1999); Richard H. K. Vietor, Energy Policy in
America Since 1945: A Study of Business-Government Relations (New York, 1984).

6. For some recent examples of government policy influencing the development of
technical systems, and discussion of the complex effects of those projects on private-sector
technological development, see Thomas P. Hughes, Rescuing Prometheus (New York, 1998).

7. Heymann.
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one cannot ignore the relationship between technology and government
policies that put into place both powerful opportunities and significant
constraints.

Normative values enter these debates over technologies and policies.
John Staudenmaier has argued that technologies embody values that con-
stitute a technology’s “style.”8 These embodied values, he asserts, can come
from those who design and, if they are broadly successful, maintain tech-
nologies. Successful technologies, because they lead to a certain amount of
social adaptation, tend to reinforce those values in the broader society, sug-
gesting a reciprocal relationship between the technology and its social con-
text, with each influencing the values of the other.9 Eric Schatzberg has
taken a different approach, arguing that advocates of a particular technol-
ogy promote it by associating it with broadly popular values, such as
progress. They do not design progress into their preferred technology, but
try to project progress onto it as a way of gaining the upper hand in tech-
nological controversies.10

Renewable-energy advocates of all stripes took a path between the
approaches outlined by Staudenmaier and Schatzberg. They projected pop-
ular values such as environmental protection onto renewable-energy tech-
nologies, fully believing that those technologies embodied those values. In
addition, convinced that the technologies that made up the energy system
would powerfully influence society and politics, they believed—much like
nuclear advocates—that creating new technological systems would eventu-
ally bring about the society they wanted.11

While values enter all technological debates, they especially do so in
debates over policies intended to create a new technological system, be it an
interstate highway network or a ballistic missile defense. No one can predict
confidently the detailed contours of the future world, which makes it diffi-
cult for people to assess what their interests will be, much less what actions

8. Staudenmaier (n. 2 above), 285–86.
9. John M. Staudenmaier, S.J., “The Politics of Successful Technologies,” in In Con-

text: History and the History of Technology, ed. Stephen H. Cutcliffe and Robert C. Post
(Bethlehem, Pa., 1989), 150–71, esp. 160. For an earlier version of Staudenmaier’s argu-
ment, see Langdon Winner, Autonomous Technology: Technics-Out-of-Control as a Theme
in Political Thought (Cambridge, Mass., 1977), esp. 226–51 on “reverse adaptation.”

10. Eric Schatzberg, “Ideology and Technical Choice: The Decline of the Wooden
Airplane in the United States, 1920–1945,” Technology and Culture 35 (1994): 34–69. Carl
Mitcham shows that progress is a very slippery concept, often applied without sufficient
development or justification. He argues persuasively that changes in technologies, even
those thought to be improvements in some sense, do not necessarily constitute progress,
not even technological progress. He concludes that progress cannot be found in techno-
logical history, but rather must be projected onto it. See Carl Mitcham, “Science, Tech-
nology, and the Theory of Progress,” in Goldman (n. 2 above), 240–52.

11. Whether the technological systems they championed would have given them the
society they desired is, of course, a different question, and not one I address here.
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will further them. In the face of such uncertainty, people’s values power-
fully influence what they advocate. To understand the values that advocates
associated with renewable-energy technologies, I use an interpretive frame-
work based on Langdon Winner’s concept of technology as legislation, the
idea that technological systems can impose incentives and constraints on
social and political choices.12 Ecological renewable-energy advocates
believed that realizing their social and political goals required a congenial
technological system. Mistaken or not, their beliefs gave meaning to their
actions and discourses.

Discussions of policy controversies often focus on either elite policy-
makers or mass social movements. Analysts may talk about what the presi-
dent or congressional leaders did with the help of their top aides: What laws
did they pass, what orders did they issue? Alternatively, we read accounts of
the mobilization of social movements, how they acquired members and
money and deployed those resources to further their goals. Such analysis
often takes a million people showing up on the Mall in Washington as a
sign of success. Those who study technological history add a third set of
actors important to technological controversies, the engineers and business
people who design and implement new technologies.

This analysis adds a fourth group, John Kingdon’s “policy commu-
nity.”13 Policy communities consist of technical experts, policy analysts, and
advocates, those who analyze, debate, and sometimes implement public
policies. These people come from government, industry, universities, think
tanks, and advocacy groups. They work on a particular issue day to day, but
they do not make final decisions. Members of a policy community publish
in the same journals, attend the same conferences, and usually know one
another. They analyze and debate very specific proposals, sometimes speak-
ing consensually and sometimes not. They often vet policy proposals before
those proposals go to more senior political, or more public, levels.

The concept of policy communities does not imply a simplistic, pro-
duction-line idea of policy making. It is not the case that policy communi-
ties develop policies that policymakers then legislate and execute. Quite the
contrary: sometimes ideas will gestate in a policy community for a long
time, waiting for propitious circumstances to move them onto the official
political agenda.

Policy communities frequently form the audience for policy analysis.
Kenneth Lipartito, in a recent Technology and Culture essay reviewing three
books that seek to use history to illuminate policy analyses, asks about the
authors’ intended audience. Do they all just hope they will get lucky and be
read by some chief executive? Do they dream of invitations to the Rose

12. Winner, 317–24.
13. John W. Kingdon, Agendas, Alternatives, and Public Policies, 2nd ed. (New York,

1995).
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Garden or a turn as star witness in a major congressional committee hear-
ing?14 In fact, policy analysts often see the policy community itself as their
audience. These are their peers, the people with whom they must pass
muster even in disagreement. For many years after World War II the policy
community for renewable energy was small and cohesive. During the energy
crisis of the 1970s it grew in size and also developed severe internal conflicts.
I will use the ideas and values that various members of this community
associated with renewable-energy technologies to explain both the positions
they took and the political conflicts those ideas and values entailed.

Solar Advocacy before 1970

Solar energy advocates of the post–World War II period fell into two
groups.15 What we might call conventional advocates assessed solar tech-
nologies skeptically, believing that they could make only a small contribu-
tion to society, at least in the near term. Nonconventional advocates took a
much more ambitious and hopeful approach to solar power, arguing that it
could have a substantial impact on the energy economy within a few
decades.

Both instrumental and normative ideas separated these two camps. In
instrumental terms, conventional advocates believed that the pace and
direction of solar technological development could change only very
slowly. They repeatedly cautioned against promising too much for solar,
fearing that unfounded optimism would waste resources on technologically
immature systems and compromise their credibility as serious scientists
and engineers. Nonconventional advocates, in contrast, took the view that
conscious human decisions—specifically, massively increased financial
support for solar technologies—could drastically alter the pace and direc-

14. Kenneth Lipartito, “The Historian in the Rose Garden?” Technology and Culture
41 (2000): 537–48.

15. Until about the mid-1980s, people in this field used “solar energy” as an umbrella
term encompassing other forms of what we now call renewable energy, including wind
power and biomass. Groups such as the American Solar Energy Society and the Solar
Lobby advocated for all types of renewable-energy technologies, and the division within
the Department of Energy that dealt with these energy sources initially had the word
“solar” in its various titles. By the late 1980s, however, “renewable energy” had emerged
as the dominant umbrella term, its triumph officially recognized when President George
H. W. Bush changed the name of the Department of Energy’s Solar Energy Research
Institute (SERI) to the National Renewable Energy Laboratory. On the American Solar
Energy Society, see Harvey Strum, “The Association for Applied Solar Energy/Solar
Energy Society, 1945–1970,” Technology and Culture 26 (1985): 571–78. On the names of
government agencies in the 1970s, see Frank N. Laird, Solar Energy, Technology Policy,
and Institutional Values (New York, 2001), chap. 8. On the renaming of the Solar Energy
Research Institute, see Robert Paehlke, ed., Conservation and Environmentalism: An
Encyclopedia (New York, 1995), s.v. “SERI.”



T E C H N O L O G Y  A N D  C U L T U R E

JANUARY 

2003

VOL. 44

32

tion of technological development. The two groups differed even more
deeply in the normative values they associated with solar technologies.
Conventional advocates saw solar as a way of bolstering the status quo over
the very long term. Conversely, from the 1940s through the late 1960s non-
conventional advocates began to suggest that a solar energy–based society
would be a very different one from the status quo, in political and social as
well as technological terms. They did not, however, develop these critical
ideas fully or spell out their implications. During the 1970s, newcomers
immersed in the values and tactics of the environmental movement swelled
the ranks of nonconventional solar advocates, changing the solar move-
ment in important ways. They grounded their advocacy on an ecologically
based critique of industrial society, arguing for a solar future as a way of
realizing both social and ecological harmony. Their explicit goals included
a much changed world.

Conventional solar energy experts expressed serious reservations about
the capabilities of their technologies. For example, Hoyt Hottel, a professor
of chemical engineering at the Massachusetts Institute of Technology,
headed a solar research program that predated World War II and continued
after the war. Funded by a $647,700 grant from Godfrey Lowell Cabot, Hot-
tel’s group built two small, solar-heated houses, one actually occupied by a
family, as part of their experiments.16 Neither house was cost effective, and
Hottel expressed great skepticism that solar heating ever could be so in
cloudy northern climates like Boston. Hottel’s doubts extended to evalua-
tions of solar power more generally. In a 1940 public lecture, he made clear
his disdain for those who offered “rosy optimism” about solar energy.17

More broadly, he implied that the rational, skeptical engineer should rescue
the nation from the danger of wasting resources on technologies that could
not deliver. By lowering the expectations surrounding solar technologies,
Hottel both provided reassurances that he was a careful, sober, credible
technologist and suggested that the exploitation of solar energy would
require many years of research.

In the mid-1940s, a Purdue University engineer, F. W. Hutchinson, con-
ducted a series of tests of passive solar heating for homes and reached sim-
ilarly pessimistic conclusions about the prospects for solar technology.
Passive-solar homes use large south-facing windows to let sunlight—

16. Private philanthropy and industry funded most of the few research programs in
solar energy in the years prior to World War II. “Solar Attack,” Time, 6 June 1938, 20; Ken
Butti and John Perlin, A Golden Thread: 2,500 Years of Solar Architecture and Technology
(New York, 1980), 200–202. See also Lamont Charles Hempel, “The Politics of Sunshine:
An Inquiry into the Origin, Growth, and Ideological Character of the Solar Energy
Movement in America” (Ph.D. diss., Claremont Graduate School, 1983), 60–61, and
“M.I.T. is Testing Use of Solar Heat,” New York Times, 13 February 1949, sec. 8.

17. H. C. Hottel, “Artificial Converters of Solar Energy,” in Annual Report of the
Board of Regents of the Smithsonian Institution, 1941 (Washington, D.C., 1942), 151.
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heat—directly into the house, where it can be captured in various ways (for
example, warming a masonry wall that then radiates heat during the night).
Candidly skeptical of the claims of solar enthusiasts, Hutchinson wanted to
know if passive solar homes lost more energy at night than they gained dur-
ing the day. Based on his results, he concluded that they did, and that the
solar house would therefore be a net money loser, which must have disap-
pointed the glass company that sponsored his research.18 These guarded,
cautious assessments dominated the small group of experts who at the time
made up the solar energy policy community. While there was dissent within
their ranks, the limits they saw for the deployment of solar energy filtered
into the discussions of official policy.19

Farrington Daniels, arguably the most important solar researcher and
advocate of the 1950s and 1960s, embodied the tension between cautious
conventional and ambitious nonconventional advocates. A prominent
chemist whose career included membership in the National Academy of
Sciences and the presidency of the American Chemical Society, Daniels
believed that focused R&D could greatly improve the prospects for solar
technology. Almost every major solar energy conference from the 1940s
through the 1960s included him as a keynote speaker. He organized con-
ferences and acquired funding for solar energy research projects at his
home institution, the University of Wisconsin at Madison, where he also
chaired the chemistry department. All of these accomplishments gave him
considerable credibility within the policy community, as well as access to
scientific and popular media.20

In 1948 Daniels articulated a frame for the energy problem and solar
power’s place in it. “The days of easy geographical quest for more food, fuel,
and power are over, and our frontiers now lie in science and engineering.
. . . We have seen that we are now using only a small fraction of the solar
energy which is available and that, theoretically, we should be able to
appropriate a much greater part of it.” He readily acknowledged the limita-
tions of the more exotic solar technologies, such as solar heat engines to
produce electricity, but suggested that even in those cases “revolutionary
discoveries might well lead to more optimistic possibilities.”21

18. F. W. Hutchinson, “The Solar House: A Full-Scale Experimental Study,” Heating
and Ventilating 42 (September 1945): 96–97; “The Solar House: A Research Progress
Report,” Heating and Ventilating 43 (March 1946): 54–56; “The Solar House: A Second
Research Progress Report,” Heating and Ventilating 44 (March 1947): 55–59. One could
criticize Hutchinson’s experiments on a number of grounds, such as the poor insulation
of the test houses or the lack of nighttime window coverings.

19. Laird, pt. 1.
20. Olive Bell Daniels, Farrington Daniels, Chemist and Prophet of the Solar Age: A

Biography (Madison, Wisc., 1978).
21. Farrington Daniels, “Solar Energy,” Science, 21 January 1949, 51–57, quotation

from 55–56.
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Daniels built a more compelling argument for support of solar research
than did Hoyt Hottel. The latter had presented a list of technologies with
serious problems that might or might not work better in the future, and he
put them in no context other than their high economic costs. Daniels had
very few technical disagreements with Hottel, and he acknowledged the
economic problems of many solar technologies. Nonetheless, he painted a
broader picture, placing the development of solar into the context of grow-
ing resource scarcity and rising population. He described a future of great
hardship unless the country invested in the long road of solar R&D. Dan-
iels’s is a classic narrative of decline, one of the fundamental stories told in
policy narratives. Such stories seek to persuade us to follow a course of
action not simply by reciting facts and analyses but by depicting the situa-
tion in such a way as to make any other course of action look irresponsible
because it would leave us to a terrible fate.22 Daniels reconstructed the
energy problem as one in which large-scale forces resulting from human
behavior steadily moved us toward trouble, lending urgency to the search
for new energy technologies. Though Daniels was thorough and cautious
in assessing the difficulties that would have to be surmounted in develop-
ing feasible solar energy technologies, he held a fluid notion of technology
according to which applications of resources and talent, which could come
from policy decisions, could dramatically alter technological outcomes.

Nonetheless, Daniels often qualified his positive views about solar
energy, especially with regard to its short-term prospects. He warned in
1955 that solar technologies could not yet enter the mainstream and that
excessively optimistic proclamations for them would only hurt solar later
when they failed to materialize. For the longer term he emphasized his con-
cern over declining fossil fuel resources and growing energy needs, partic-
ularly in the less-developed countries. He concluded with a narrative on the
role of abundant energy in world peace:

But I am confident that the scientists and engineers can and will 
bring a new era of prosperity and peace to the whole world. . . . The
first half of our century may go down in history as the period of great
wars, and it is not impossible that the second half of the century may
come to be known as the beginning of a peaceful, power-abundant 
era in man’s evolution. We know now that through research there is 
a chance that we can have mechanical power and electricity all over
the world, and a greater equalization of industrial productivity in all
countries may tend to lessen war tensions. I believe that by a judicious
combination of fossil fuels, atomic energy and solar energy the whole
world can have within this century, all the mechanical power and

22. For discussions and analyses of narratives, see Joseph R. Gusfield, The Culture of
Public Problems: Drinking-Driving and the Symbolic Order (Chicago, 1981), chap. 4;
Deborah A. Stone, Policy Paradox and Political Reason (Glenview, Ill., 1988), chap. 6.



23. Association for Applied Solar Energy, Proceedings of the World Symposium on
Applied Solar Energy (Menlo Park, Calif., 1956), 26.

24. Farrington Daniels, Direct Use of the Sun’s Energy (New Haven, Conn., 1964;
reprint, New York, 1974), chap. 1, quote on 3.

25. Resources for the Future, A Nation Looks at Its Resources (Washington, D.C.,
1954), 225.
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material comforts that it wants. This development won’t solve all the
world’s problems, because man does not live by kilowatts alone; but 
it will help.23

Daniels’s later work also reflected this tension between guarded and more
ambitious views of solar energy.24

Aligning himself with the view that alternative values could justify
social commitments to solar technologies, Daniels offered conservation as
another rationale for supporting solar technology even before it was eco-
nomically competitive. “Our descendants 1,000 years hence may curse us
for using coal, oil, and gas to heat our houses, when we might as well have
used the sun.”25 A belief in the duty of stewardship drove Daniels to very
different conclusions than those reached by energy policymakers following
the standard economic or security rationales. Daniels argued that energy
resources should not be seen as standard economic goods whose rate of use
might safely be determined by price signals, but as a legacy or heritage that
we have an obligation to preserve for future generations. He presented solar
energy as a means to achieve this end, not just as another interchangeable
technology to compete with fossil fuels.

Daniels’s more ambitious expectations for solar energy relied not on
different data but on a different way of framing solar energy and the more
general energy problem into which it fit. The combination of Daniels’s
instrumental ideas that technology is amenable to change through policy
choices and that future resource shortages threaten world peace with his
normative idea that one ought to regard fossil fuels as a legacy to be wisely
conserved led him to conclude that government policy should champion
solar developments and that the result could be a solar-powered society. For
Daniels the ambitious view of solar energy technology resulted not from a
predisposition to see the positive side of uncertain situations but from a
particular configuration of instrumental and normative ideas.

More ambitious solar energy advocates also framed solar technology
with different instrumental and normative ideas than those held by conven-
tional advocates. They also gave hints that they associated a new technolog-
ical system with a different kind of society. Maria Telkes, an immigrant Hun-
garian engineer in the metallurgy department of the Massachusetts Institute
of Technology during the 1940s, summarized previous experiments with
solar houses and concluded that affordable heat storage was a key compo-
nent to making solar heating systems economical. Conventional heat stor-



26. Maria Telkes, “Solar House Heating—A Problem of Heat Storage,” Heating and
Ventilating 44 (May 1947): 68–75, quote on 75. See also Maria Telkes, “Space Heating
with Solar Energy,” Scientific Monthly, December 1949, 394, and “Distillation with Solar
Energy,” in Solar Energy Research, ed. Farrington Daniels and John A. Duffie (Madison,
Wisc., 1955), 112–13.

27. Maria Telkes, “Future Uses of Solar Energy,” Bulletin of the Atomic Scientists,
August 1951, 217–19.

28. For background on Ayres, see Eugene Ayres and Charles A. Scarlott, Energy
Sources: The Wealth of the World (New York, 1952).
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age materials, such as water or crushed rock, required large volumes, which
made them too expensive. Telkes recommended Glauber’s salts, compounds
that melted at 90 degrees Fahrenheit, a temperature low enough to be easily
reached by a solar collector. This low melting point meant that heat could be
stored as heat of fusion, which is the energy it takes to melt a substance once
the melting temperature has been reached. A small volume of Glauber’s salts
would absorb a great deal of heat in the process of melting, so that they
would take up little space and could be incorporated into architectural fea-
tures of houses. At night or on cloudy days the salts would solidify again,
releasing their stored heat. Telkes acknowledged a number of problems with
the use of Glauber’s salts, but she saw them as topics for research, not seri-
ous impediments. She was clearly very confident about the possibilities of
solar home heating, arguing that “The calculations show the feasibility of an
entirely solar-heated house in the vicinity of Boston.”26

Telkes argued strongly that the prevailing high costs of solar energy tech-
nologies reflected primarily lack of money for research and development,
and that conventional engineers treated the subject with “near derision”
because they failed to look past a short time frame. Drawing on an analogy
with early automobile technologies, she asserted that the new technology
would bring with it many new social forms. She pointed out that “The rapid
development of the automobile did more than relegate the horse to the race
track; it created entirely new problems and techniques, such as the assembly
line, highway construction and gasoline stations, Suburbia, motels and
drive-in movies.” Although Telkes did not speculate on what new social
institutions might accompany solar energy development, she clearly saw
new technologies as extending beyond mere tools for simple tasks such as
heating rooms. She did mention that solar energy cannot be cut off by
adversaries, is cleaner to use, and does not involve mining accidents, sug-
gesting the values of national security, environmental protection, and
worker safety. In calling for increased federal R&D funding, she affirmed the
idea that policy choices could influence technological development.27

Eugene Ayres, the most enthusiastic and ambitious solar advocate of the
1950s, directed the chemistry division of the Gulf Research and Development
Company and belonged to the American Petroleum Institute, a background
one would normally associate with a very conventional view of energy.28 Yet



29. Eugene Ayres, “Power from the Sun,” Scientific American, August 1950, 16–21,
quote on 16.

30. Daniels, “Solar Energy” (n. 22 above).
31. Ayres, “Power from the Sun,” 16–17.
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in a 1950 Scientific American article he offered a sweeping review of solar
energy that framed the energy problem in a novel and evocative way. He
described current energy consumption as “an intensive search for anything
that can be burned. . . . We have finally reached a furious tempo of effort to
find and produce and destroy.” This trend could only lead to a disastrous
ending. Fortunately, an alternative was in view: “While these two enterprises
[fossil fuel burning and nuclear power development] are being prosecuted to
their inevitable ends, we have showered upon us an essentially perpetual sup-
ply of energy from the sun.”29 In Ayres’s narrative, the status quo leads toward
calamity. Impending doom seems to emanate from inexorable natural laws,
grinding along to their dark conclusion—unless we turn to a source of
energy right before our eyes.

Ayres differed from other early solar advocates most importantly when
he compared nuclear power unfavorably with solar power. Most other con-
temporary solar analysts simply ignored nuclear power, analyzing solar on
its own terms or in comparison to fossil fuels. Those who did think about
both solar and nuclear saw them as equivalent and complementary in many
ways, both having high and, to some extent, unknown costs, and both
requiring substantial further research and development before they could
be deployed on any large scale. A few other solar analysts, such as Daniels,
saw both nuclear and solar as energy sources that would take us beyond fos-
sil fuels.30 Ayres, by contrast, took a dim view of nuclear power:

There has been much discussion of the prospect of developing indus-
trial power from the nuclear fission of uranium. This problem is enor-
mously more complicated than the utilization of solar energy. . . .
[W]hereas the solar radiations have been made harmless by natural
forces, the artificially induced radiation retains all of its virgin malig-
nity. Whereas the generation of solar energy presents no problem for
us, the generation of nuclear energy from uranium is beset with
dozens of very serious problems. Whereas solar energy is essentially
perpetual, the supplies of uranium are definitely limited.31

This unfavorable comparison of nuclear power to solar power foreshad-
owed splits in the solar movement that emerged in earnest twenty-five
years later.

Ayres presented solar as more than simply a renewable replacement for
furnaces and fuel oil, more than simply one of several interchangeable tech-
nologies for heating a room. “The eventual depletion of fossil fuel will not
be disastrous,” he asserted. “On the contrary, for our children’s children the



32. Eugene Ayres, “Windows,” Scientific American, February 1951, 60–65. The first
quote is from 60 and the last two are from 65.

33. For the history of the environmental movement, see Robert Gottlieb, Forcing the
Spring: The Transformation of the American Environmental Movement (Washington,
D.C., 1993). See also Samuel Hays, Beauty, Health, and Permanence: Environmental Poli-
tics in the United States, 1955–1985 (Cambridge, 1987), and Mark Dowie, Losing Ground:
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34. Murray Bookchin [Lewis Herber, pseud.], Crisis in our Cities (Englewood Cliffs,
N.J., 1965), chap. 11.
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dream of our architects and engineers will come true—communities of
people who live in comfort without combustion, free from atmospheric
pollution, with no dark corners, and windows everywhere.”32 The contrast
with his earlier description of the status quo world and its dependency on
fossil fuels is stunning. Where there had been a rapacious society, tearing up
the earth and burning everything in sight, there will be one in which peo-
ple live in comfortable communities without pollution or darkness. It is
indeed a bright new day.

The values implicit in Ayres’s picture of the future were notably absent
from other accounts during this period, with the partial exceptions of
Telkes and Daniels. In emphasizing the need to make environmentally
sound decisions sooner rather than later, Ayres tried, and failed, to make
such values central to the debates over energy.

Leaders in the solar energy field did not figure in the environmental
movement prior to the energy crisis of the 1970s. Solar advocates like Ayres
and Telkes tried to inject environmental issues into discussions of solar
energy, but they did not succeed in getting solar advocates to take the envi-
ronment seriously as part of the framework for understanding energy pol-
icy. Similarly, with one notable exception environmental advocates did not
discuss solar energy as part of their program of reform before 1970. In his-
tories of the early environmental movement and in the writings of early
environmental advocates, solar energy does not even turn up, let alone
occupy an important place.33

The one exception was environmentalist and social critic Murray Book-
chin.34 Bookchin associated social change with major technological change,
a clear example of Winner’s notion that people saw technology as legisla-
tion. He asserted in 1965 that “this approach [of providing energy from
solar sources] has revolutionary implications. A technology based on solar,
wind, and tidal power flatly conflicts with the existing trend toward urban
gigantism. . . . If homes and factories are heavily concentrated, devices for
using clean sources of energy will probably remain mere playthings, but if
urban communities are reduced in size and widely dispersed over the land,
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there is no reason why these devices cannot be combined to provide us with
all the amenities of an industrial civilization.” Therefore, he admonished, to
“use solar, wind, and tidal power effectively, the megalopolis must be
decentralized. A new type of community, carefully tailored to the charac-
teristics and resources of a region, must replace the sprawling urban belts
that are emerging today.”35 Whatever the technical and practical merits of
his claim, Bookchin’s argument that a solar society would of necessity be a
fundamentally different, decentralized society was widely adopted by parts
of the solar energy movement in the 1970s, as some solar advocates found
common ground with the more radical wing of the environmental move-
ment during the energy crisis.

To articulate a technical and normative conception of solar technology,
Bookchin used a familiar narrative structure, namely, that current trends in
energy use and urban growth were unsustainable, and that only changes of
the sort he advocated could prevent disaster. He expanded the narrative by
bringing environmental values into energy policy considerations more
strongly than any previous solar advocate had, going so far as to regard
them as fundamental to all other values. By arguing for a new type of tech-
nological development that would entail drastic social and political change,
he indicated his belief that deliberate human action can profoundly affect
the social, political, and technological order—that the paths of technology
and of society are intertwined and quite dependent on human will.

Not surprisingly, Bookchin’s views found few adherents in 1965, at least
among the energy policy community. Other prominent solar advocates,
such as Farrington Daniels and D. S. Halacy, made no mention of his ideas.
Nor did the numerous government reports and statements on energy pol-
icy that emerged in the mid-1960s, even though environmental protection
occupied an increasingly important place in these discussions.36 The energy
policy community did not reject the environmental values he espoused,
which were gaining in popularity and official recognition; rather, it rejected
the extent of technical and social change that he was willing to consider,
and the fluidity that he attributed to human affairs. That sense of bound-
less possibility for change gained greater hold among ecological advocates
in the solar movement in the 1970s but never found sympathetic ears in
official circles or among solar energy advocates. The governmental frame
for energy policy and solar energy technology remained quite narrow.37
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Solar Advocacy during the Energy Crisis

By the end of the 1960s, environmental advocates had begun to pay
closer attention to energy. One event in particular marked a turning point.
On 28 January 1969, only days after President Richard Nixon’s inaugura-
tion, an oil spill occurred at an offshore drilling platform operated by
Union Oil off Santa Barbara, California. The resulting oil slick covered
miles of beach and received extensive national attention. Many analysts
consider this episode a powerful catalyst in mobilizing the environmental
movement nationwide, helping push Congress to enact and President
Nixon to sign the National Environmental Protection Act (NEPA). The oil
spill made the linkage between energy and environmental issues baldly
apparent.38 Of course, such large-scale developments as the environmental
movement or NEPA, both of which depended upon a whole set of complex
background conditions, cannot ultimately be traced to a single event.
Nonetheless, the spill emphasized the many ways that energy production
and use affected the environment, invariably for the worse.

From 1970 on, electricity brownouts in the summer and threats of natu-
ral gas and heating oil shortages in the winter had the media and political
elites talking about an energy crisis. The oil embargo of October 1973 exac-
erbated that crisis, both materially and politically.39 These conditions
spurred growth in the solar energy movement. Diverse solar advocates estab-
lished local and national groups or refocused older environmental groups on
solar energy. Though it is impossible to know the exact number of solar
advocacy groups active in this period, several indicators point to notable
growth.40 In addition to state government agencies, such as the California
Energy Commission or the Arizona Solar Energy Research Commission,
nonprofit groups committed to assorted ideologies began to publish reports
and newsletters and so became part of the policy community. These groups
almost invariably emphasized the environmental benefits of solar energy, but
they differed on almost everything else. They ranged from the Bio-Energy
Council, which counted several corporate vice presidents among the mem-
bers of its board, to the Ecotope Group in Seattle, the Domestic Technology
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Institute in Evergreen, Colorado, and the Farallones Institute in Berkeley,
California, all of which favored a much more decentralized society and took
an anticorporate line.41 In addition, the environmental movement began to
take notice of solar energy, adding its voice to that of the growing solar pol-
icy community. By the early 1970s, magazines published by the Audubon
Society, Friends of the Earth, and the Sierra Club were all carrying articles
promoting greater government support for solar energy.42

Well into the 1970s, conventional solar advocates continued to frame the
technologies they promoted much as they had since World War II, but with
added emphasis on the environment and attention to the sense of urgency
provided by the energy crisis. Conventional advocates still envisioned a lim-
ited role for solar technology, at least in the short and medium term. For
example, they did not, for the most part, favor making solar-heated homes
100 percent solar because they thought such systems were not optimally cost
effective. The policy community to which these advocates were attached
conceptualized the energy crisis as a problem of inadequate secure supplies
of energy. They saw the solution to the crisis as finding new sources of sup-
ply that would produce perpetually growing blocks of bulk energy without
decimating the environment. Their analyses and policy prescriptions car-
ried no hint of a deeper critique of modern industrial society.43 As two sci-
entists writing in the Bulletin of the Atomic Scientists put it: “The most satis-
factory response to these [energy] problems is to find an energy source
which is not in short supply and which can provide a major fraction of our
energy needs without causing major environmental disruptions.”44
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Some conventional solar proposals embraced projects that were both
high-tech and large-scale. For example, Aden and Marjorie Meinel proposed
massive solar power plants, which they called farms, in the desert Southwest.
The Meinels clearly intended their system to deliver bulk power to the
national electric grid and to expand that grid substantially in order to
replace fossil fuel and nuclear power plants. Their proposal did not entail a
move away from the traditional values associated with the energy system;
rather, it assumed the status quo in the basic technological ensemble and in
the social and political structures that accompanied it. Indeed, the Meinels
saw solar technology as a way of preserving the status quo, albeit with more
attention to environmental consequences. In explaining the benefits of their
system they emphasized benign growth and prosperity, narrowly conceived,
and expected that demand for manufactured equipment and for servicing of
the generating systems would fuel growth of new metropolitan areas around
solar farms.45 In short, during the energy crisis, conventional advocates con-
tinued to associate solar technologies with very conventional values. They
provided no deeper critique of energy policy or of the society in which it
operated. Indeed, they supported the entrance of large firms into solar
energy, a controversial development that began in earnest in the 1970s.46

After 1970, various critics of mainstream social and political values
formed clusters within the larger array of solar advocates. Their targets
included conventional solar advocates, whom they saw as betraying solar
energy’s promise of a better future. “Solar energy is quickly becoming a
false panacea for our energy ills, the Holy Grail of soft technology,” com-
plained members of the Farallones Institute, a group dedicated to promot-
ing social and technological change together.47 These critics were an ideo-
logically diverse lot; what united them was their rejection of mainstream
energy policy, including that put forward by conventional solar advocates.

The most prominent among them, and the favorite target of conven-
tional analysts, was Amory Lovins. In many ways Lovins bridged the gap
between conventional and nonconventional advocates. In October 1976 he
published a famous article in Foreign Affairs outlining an alternative to con-
ventional energy policy.48 In that article and in his subsequent writing he
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introduced a number of important analytic innovations and articulated a
significantly new view of energy policy, one that promoted clearing away
artificial barriers to energy efficiency and solar technologies and cutting the
flow of resources to conventional coal and nuclear central station power
plants. His work touched off a firestorm of controversy, with both main-
stream policy analysts and conventional solar advocates attacking him,
though he used what were in many ways very conventional criteria to make
his case. Meanwhile, his core conclusion, that the future energy system
should be more decentralized than the existing system, led many of the
more critical solar advocates to embrace his work.49

Numerous other solar advocates also criticized both mainstream energy
policy analysis and conventional solar advocates. This congeries of critics
defies simple characterization. Most thought that conventional analysis
underestimated the potential for solar energy, and most opposed nuclear
power.50 But these common beliefs belie the great differences among them
regarding how to promote solar energy. Rather than a cohesive group, they
formed several clusters of like-minded critics.

One significant cluster was made up of what one could call ecological
advocates, solar advocates who grounded their critique of energy policy in
a conception of an environmentally sustainable energy system. They
thought that the energy crisis of the 1970s was more than a temporary
inconvenience, that no technological fix could permanently restore the sta-
tus quo ante. The crisis was symptomatic of deeper problems, not only with
the energy system but also with the broader political, social, and economic
systems in which it was embedded. It was a harbinger of permanent change
in human affairs, part of a transition away from the existing fossil-fuel-
based energy system and toward some sort of renewable-energy system.
That transition, which appeared both inevitable and imminent, could be
epochal, no less important than the shift from wood and charcoal to fossil
fuels that had characterized the industrial revolution. The question for pol-
icy was how to manage it as smoothly as possible.51

Parallel to their notion of an energy transition, ecological advocates
believed that a society based on solar energy would differ substantially from
the status quo in both social and political as well as environmental terms.
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They quite explicitly saw technology as legislation, in Winner’s phrase. In
their view, the modern industrial world, with its large-scale, bureaucratic,
hierarchical institutions, was tightly linked to fossil fuels; a radically differ-
ent energy system would lead to a radically different society.

Ecological solar advocates distrusted both big business and big govern-
ment. Their hostility toward large corporations derived in part from their
belief that those firms would restrain the use of solar energy because of
their commitment to oil or nuclear power, but it went well beyond such
suspicions. Their very size made some corporations a threat to the advo-
cates’ vision of a good society. As one critic wrote: “By virtue of their im-
mense wealth and size, the energy companies have achieved an economic
and political power greater than each of the fifty states and many nations.”52

Giantism, a hierarchical and bureaucratic mode of operation, and the
profit motive meant, to these advocates, that large corporations presented
a major obstacle to achieving a just and ecologically sustainable society.
Their anticorporate stance, however, did not drive ecological advocates into
the arms of government. In their eyes, large government bureaucracies
were also part of the problem; the federal government was too large, too
clumsy, and too supportive of other technologies and large firms. James
Jeffords, a member of Congress who sympathized with the solar advocates,
claimed that most progress in solar technologies and impetus for solar poli-
cies came from outside the government and advised solar advocates to keep
pressure on the government to counter its pronuclear bias.53

In seeking social and political, as well as technological, alternatives to
the status quo, ecological advocates frequently promoted decentralization:
“solar technologies, which function best on a small, decentralized scale,
must not be monopolized or economically controlled by any group.”54

They thought that a decentralized society, relying on solar power, would be
a more just society, promoting self-reliance and reducing the income gap.
Some argued that the solar movement should align itself with social justice
movements as well as with the environmental movement.55 The new soci-
ety would need to be based on a very explicit understanding of ecology, as
desirable social goals would follow from the creation of an ecologically
viable community. “Wherever you go there are natural systems and there
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are human systems,” explained a proponent. “If we can take our cues from
the natural environment, and if we address ourselves to the total applica-
tion of natural principles . . . we can satisfy virtually all of our needs in a
humanistic manner.”56

Some ecological advocates gave their ideas visible form. In 1979 the
Citizen’s Energy Project (CEP) published a poster titled “Appropriate Tech-
nology—Tools for Community Self-Reliance” (fig. 1). The idealized small
town it depicts presents an alternative society grounded in ecological val-
ues. The community’s smallness alone suggests a more decentralized soci-
ety. Small- and medium-scale renewable-energy technologies power an
ensemble of devices unlike any that one would find in a real late-twentieth-
century American town; for example, the image contains no automobiles.
Everyone looks equally prosperous, and social, racial, and ecological har-

FIG. 1 “Appropriate Technology—Tools for Community Self-Reliance,” poster
published by the Citizen’s Energy Project, 1979. The poster depicts a panorama
of a small-town utopia, powered exclusively by renewable-energy technolo-
gies, with farmers’ markets, community health centers, aquaculture, recycling
centers, and a multiracial musical group.
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mony reign (figs. 2 and 3). The poster illustrated CEP’s argument for the
kinds of political and personal decisions needed to realize its vision of the
future—and also how that vision inspired CEP’s support for solar energy.

This poster also illuminates a broader point about a certain class of
technological controversies. It appeared at a crucial moment in debates
about the future of the energy technology system. Political and business
elites, as well as the general public, perceived a crisis in energy, one that had
worsened steadily for almost a decade.57 This crisis created an opportunity
for partisans to argue over the future shape of a major technological sys-
tem, and for ecologically motivated renewable-energy advocates to contest
fundamental features of industrial society itself. Their efforts made explicit
what was usually implicit, that controversies over future technological sys-
tems are, at their core, normative controversies—arguments over the
nature of the good society.

The above description of ecological advocates makes them sound like
technological determinists, which some of them were. Most historians of
technology would now argue that such determinism is naive, that changing
energy systems in no way guarantees the desired social result. Even a feature
such as decentralization would have more complex and contingent effects
than advocates believed.58 The point here, however, is that many of these

FIG. 2 Detail from the poster shown in fig. 1. Note the solar greenhouse and
earth-sheltered buildings.
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advocates believed that the technologies they favored would lead to the
society they desired, and expressed that belief strongly. Even advocates who
doubted simple and optimistic assertions about the innate virtues of a solar
society still thought that the status quo energy system locked in an assort-
ment of undesirable social traits.

Interestingly, many mainstream energy analysts who were emphatically
not solar advocates, ecological or otherwise, accepted the idea that a solar
society would be decentralized, more rural, simpler.59 Often they took this
as reason for hostility toward solar technology, at least in certain forms. A
reporter from Chemical and Engineering News interviewed Denis Hayes
shortly after he had become the director of the federally funded Solar Ener-
gy Research Institute in Golden, Colorado, the largest solar energy research
laboratory in the country. Hayes, one of the best-known environmental
and solar advocates in the country, had organized the first Earth Day in
1970 and the first Sun Day in 1978, and in many publications had criticized
both mainstream energy policy and conventional solar advocates. The sec-
ond question in the interview was: “It’s also been said that many solar advo-
cates—the ‘small is beautiful’ crowd, if you will—are trying to force a tran-
sition to solar energy as a way of imposing their own social vision on

FIG. 3 Another detail from the poster in fig. 1, showing solar-powered resi-
dences and office building. Note that the image contains no automobiles.
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society at large. Can you comment on that?” Hayes denied the implication,
arguing that a nuclear society would restrict people’s freedom but that a
solar society could be free and pluralistic or not, depending more on tradi-
tional politics than technology. But the interviewer persisted with the next
question: “But wouldn’t this totally renewable, ‘small is beautiful’ society
itself turn out to be a very unfree, constrained society, with people forced
to give up the freedom to choose their own style of living and even their
political freedoms?”60

Hayes was not the only critical solar advocate to encounter this sort of
question. Amory Lovins’s publications prompted numerous conventional
analysts to criticize his work, and many of the criticisms accused him of
wanting to force the United States to become a decentralized, deindustrial,
craft-based society—accusations Lovins strenuously denied.61 Thus, the
ecological advocates’ linkage of solar energy and a new society had gained
a foothold in the energy policy community, even among people who did
not like the idea.

Fashioning a Future

The arguments during the 1970s over the proper contours of a future
solar society carved deep cleavages in the solar policy community. The
debates between ecological and conventional solar advocates often became
bitter. The ecological solar community was itself quite heterogeneous.
Some of its members grounded their advocacy in an attempt to transform
society by transforming one of its major technological systems, with the
ultimate aim of modeling the new society on their conception of nature.
Believing that the existing systems, technological and social, were in mortal
crisis, they sought to use energy policy to change the energy system and
construct a new future. Influencing policy was a way to restructure incen-
tives and opportunities for citizens and communities.

Many factors weighed against the ecological solar advocacy project and
so overdetermined its failure. One of the most important was the sharp
contrast between the basic values of the ecological advocates and those of
virtually all mainstream policy elites and communities. Nowhere was this
contrast more apparent than in relation to growth and consumption. For
many advocates, an ecologically sound world required restraint in con-
sumption. Within the policy community, restraints on growth were anath-
ema. Not only was increasing material consumption an important means
to the end of prosperity, for many it was an unalloyed good in itself. John
Love, briefly the chief energy official in the Nixon White House, stated the
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matter most bluntly: “I do not believe that it is an overstatement to claim
that the distance man travels from his cave—that is, both his social and
material progress—can be measured by his use of energy to improve his
environment, to produce goods, to make things grow, and to provide
mobility. . . . Americans are the greatest energy users in the history of the
world. With only six percent of the population, we use 35 percent of the
energy produced in the world. . . . What a tribute that is to our intelligence
and innovativeness.”62 Conventional policymakers and analysts like Love
might recognize the need for conservation, but only as a temporary expe-
dient to be set aside as soon as circumstances permitted.

Ecological solar advocates sought a different future, and it framed their
conception of contemporary energy problems and their vision of solar
energy. In this they were not exceptional: other members of the community
also framed their approach to energy policy based on the kind of society
they wanted to see in the future, whether that vision was simply an exten-
sion of the status quo or some variation on it. These conflicting visions led
to deep divisions within the energy policy community. The vision that eco-
logical advocates held out differed not only from that of society at large but
also from the values that guided policymakers and held sway within the
conventional ranks of the policy community. For that reason the ecological
advocates were never taken seriously by policy elites and never could
develop a powerful voice within the policy community. But their failure
does not detract from the importance of their normative vision. Under-
standing groups that advocate future technological systems requires under-
standing the type of world they seek to create.

Technologies are the tools for building future worlds, and we cannot
imagine those worlds—whether utopian or dystopian—without imagining
the tools that will fashion them. Energy technologies are so central to any
society that arguments over their future form cannot help but engage polit-
ical and social issues. Like the disagreements that surface in any tension-
filled relationship, debates about future technologies often camouflage
deeper tensions—tensions over norms and goals. Their technological
visions are just as much tools by which advocates seek their desired future
as are the technologies themselves.


