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energy policy in the 1970s. Young scientists and activists such 
as David Goldstein, inspired by older physicists such as Art 
Rosenfeld, began to challenge the supply plans presented to 
the state’s utilities own resource plans.

Rosenfeld helped convene a meeting at Princeton in 1974 
that brought the best and brightest minds in physics to think 
creatively about the energy conundrum facing the United 
States. “By the end of our fi rst week of discussions, we real-
ized we had blundered into one of the world’s largest oil and 
gas fi elds. The energy was buried, in effect, in the buildings 
of our cities, the vehicles on the roads, and the machines in 
our factories,” recalled Rosenfeld. At a hearing before Warren’s 
energy committee in 1975, PG&E was so shocked by testimony 
by Rosenfeld that California’s energy consumption could be 
cut from 5 to 1.2 percent that they called the University of 
 California at Berkeley and asked that he be fi red immediately. 
That never happened, of course, but PG&E’s outrage ultimately 
turned to respect, as actual energy growth did slow down to 
2.2 percent, less than half of what the utility had projected.

Portrayed in the best possible light in the 1984 book 
Dynamos and Virgins, authored by David Roe with the Envi-
ronmental Defense Fund (now Environmental Defense), 
these bright and persuasive academics built a credible case 
for building “conservation power plants” by simply making 
buildings and appliances that consumed less energy, defray-
ing the need for constructing traditional power plants. Roe 
also became enamored by the idea of energy conservation, 
questioning utilities such as PG&E over their assumptions 
about future energy consumption trends. Here is a telling 
quote from Roe’s book:

My parents did not doubt the truth of any single fact that I 

was telling them. But the implication of what I was saying 

was that Pacifi c Gas & Electric was being grossly misman-

aged, to its own detriment, by the eminently respectable and 

worldly businessmen who were peers of my parents’ friends. 
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My  parents didn’t know any PG&E offi cers personally, except 

for the chairman of the board—he and my father were mem-

bers of the same club, and infrequently saw each other at 

lunch—but the men downtown who had risen to the top of 

such an established institution must have known their busi-

ness. Details might slip from time to time, but improvements 

on the scale I was expounding were inherently improbable. 

Could we really claim to know more about the utility business 

than thirty-two fl oors worth of well-paid utility executives?

“If what you saw is right,” my father said, “why isn’t PG&E 

already doing it?”

It was exactly the right question. 

—Roe 1984:66–67

Among the more noteworthy early fi ndings of Rosenfeld, 
Goldstein, Roe, and other conservation and effi ciency advo-
cates was that the most energy-effi cient refrigerators on the 
market cost about the same as the least energy-effi cient. If 
California implemented an effi ciency standard that elimi-
nated half of the wasteful fridges, the state could displace 
one-and-a-half nuclear reactors (i.e., 1,500 megawatts). This 
was one among many state effi ciency standards that helped 
eliminate the need for the army of nuclear reactors that the 
state’s utilities had projected coming online in California 
over the next several decades. Generally speaking, refrigera-
tors are the largest single electricity consumer in a typical 
residence, so making better refrigerators was a logical early 
step in the war against wasteful energy practices. National 
refrigerator standards alone have offset the need to construct 
130,000 megawatts of new power plant capacity nationwide 
(fi g. 6), a fi gure that represents two and half Californias’ 
worth of total electricity consumption!

Soon, new software programs were developed that made 
it easy for residents or businesses in different climate zones to 
calculate energy savings from a growing list of energy-saving 
devices and practices. Thus, a whole cottage industry sprung 
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up, with growing numbers of entrepreneurs inventing new 
ways to do more with less.

Just how much progress has California made through its 
energy effi ciency efforts in the electricity sector, such as the 
appliance and building standards put into place in 1976 and 
1978, respectively? If California had followed the path of the 
rest of the country, the state would have required 50 addi-
tional medium-sized, 500-megawatt power plants. Roughly 
half of these energy savings can be attributed to the state’s 
aggressive energy effi ciency programs (fi g. 7).

Luckily, California’s leadership on energy matters often 
is imported by other states and even nations. Its appliance 
energy effi ciency standards were ultimately copied by the 
federal government in 1987. The state’s building standards 
have recently been copied by Russia and China. A new code 
governing building construction in Russia modeled after 
California’s pioneering standards is dropping energy con-
sumption by 40 percent, and similar, if not more aggressive, 
savings are expected in China. It is important to note that 

Figure 6. Refrigerator energy use in the United States over time, 
highlighting the role of California appliance standards.
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California continually updates and upgrades these standards. 
For example, a 2005 update for buildings and appliances will 
avoid the need to build fi ve 500-megawatt fossil fuel power 
plants over the next decade.

Another innovation on effi ciency in California was the 
novel idea of decoupling utility profi ts from electricity sales. 
Without such mechanisms, electric utilities still have fi nan-
cial incentives to sell us more, rather than less, electricity. 
Five other states (Oregon, Utah, North Carolina, Ohio, and 
Maryland) have now followed suit on decoupling and sev-
eral others (Idaho, Washington, Wisconsin, New York, New 
Jersey, and New Mexico) are considering proposals to put 
into place this important incentive to foster greater effi ciency 
when it comes to energy supplies.

Although critics of California’s energy policies often 
malign this state for its high retail electricity rates, the actual 
bills that residents and businesses pay have, in fact, declined 
over time. Since 1973, energy bills in California have aver-
aged $100 less than those of the nation as a whole. All told, 
California’s economy receives a boost of between $7 and 

Figure 7. California’s peak electricity demand, 1965–2004.
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$10 billion per year as a result of the state’s pioneering efforts 
on energy effi ciency.

In essence, California has cut its projected power sup-
ply needs in half. This savings is the equivalent of taking 
12 million cars off our congested freeways. Imagine, one out 
of every three motor vehicles on the road just disappear-
ing. That is the magnitude of the savings generated by this 
achievement of replacing megawatts with negawatts. The 
net gain can also be measured in fi nancial terms: $1,000 for 
every California family (Fig. 8).

The Renewable Rush

Without coal, oil, or nuclear, California once again set out 
on its own path, mining California’s rich geology and native 
natural resources to construct one of the most diverse and 
sophisticated energy systems that can be found anywhere in 

Figure 8. California’s per capita electricity consumption has remained 
fl at, while the national average has climbed over time.
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the world. In the course of just fi ve years, a combination of 
tax credits, long-term power purchase contracts, and state 
technical assistance jump-started the wind, solar, geother-
mal, and biomass power industries.

The passage of the federal Public Utility Regulatory 
 Policy Act (PURPA) in 1978 allowed private companies 
to build new power plants relying upon renewable fuels. 
California was the most aggressive state when it came to 
implementing PURPA. This law jump-started the entire 
renewable energy industry in the United States, especially 
California, because it required electric utilities to purchase 
power from these independent power producers at “avoided 
cost” rates. Among the incentives offered for wind power 
developers were generous state investment tax credits (which 
augmented federal tax credits), standard long-term utility 
power purchase contracts that featured fi xed prices during 
the fi rst 5 to 10 years of operation, and a state-funded wind 
resource assessment that identifi ed California’s best wind 
energy opportunities.

California promoted solar, wind, geothermal, and bio-
mass energy sources like no other state in the country, with 
its own tax credits and attractive, stable long-term power 
prices for private generators to build these new power 
plants (pl. 29). These incentives were put forward because 
the costs of utility-owned nuclear reactors, such as PG&E’s 
Diablo Canyon, had greatly exceeded original estimates. 
Ratepayers were required to cover $5 billion in cost over-
runs for this single nuclear reactor, a fact that led to a unique 
 performance-based cost recovery scheme. Opening up the 
power generation sector to competition spawned an entire 
domestic renewable energy industry in California, acceler-
ating the deregulation of wholesale electricity generation 
throughout the country.

At this point in time, introducing competition into the 
power plant building business was seen as a way to let ratepay-
ers off the hook when something went wrong at an electricity 
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generating station. On the watch of Governor Jerry Brown, 
California embarked upon a series of wild experiments with 
new cleaner and smaller power sources that stunned utilities 
nationwide. Wall Street shysters and environmentalists were 
suddenly working together as California lurched forward 
into an untested energy future.

For example, approximately $1 billion was diverted 
from federal and state taxes into wind farms between 1981 
and 1985 to jump-start the world’s wind power industry 
in California, currently the world’s most successful renew-
able energy business. The end result of this effort was the 
addition of 1,700 megawatts of new wind power capacity 

Plate 29. This 
100 kW wind 
turbine was 
the mainstay 
of U.S. 
Windpower, 
which later 
changed 
its name to 
Kenetech.
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to the state’s power plant portfolio, which represented over 
90 percent of the world’s total wind power capacity. Both 
federal and state investment tax credits were terminated in 
1986, however, because of publicity surrounding the abuse 
of this investment tax shelter, perhaps the last of the great 
tax scams in recent U.S. history. Congressman Pete Stark 
of Hayward led the fi ght to terminate the investment tax 
credits by proclaiming, “These aren’t wind farms; they’re 
tax farms.”

Once again, California’s effervescence over new tech-
nologies would engender a backlash. Yet California’s public 
policies created a global market for wind as well as other 
renewable energy technologies. A valid claim can be made 
that California’s policies to promote renewable energy tech-
nologies was the most successful commercialization effort in 
the history of the United States.

California also offered attractive utility power pur-
chase contracts and other public support for other renew-
able energy technologies that yielded these significant 
 developments:

 � California pushed new solar thermal electric systems 
known as “parabolic troughs” into commercial opera-
tion. At present, nine distinct solar thermal trough 
systems generate 354 megawatts of peak power in 
smoggy southern California. A total of 650,000 para-
bolic mirrors stretch over 1,000 acres of the desolate 
Mojave Desert. At this site, originally developed by a 
joint Israeli–U.S. venture beginning in 1983, expan-
sion plans have been delayed for years despite the 
fact that the performance of solar thermal parabolic 
troughs has been excellent, even after more than 
10 years of operation.

 � Geothermal power was also pioneered here (pl. 30), 
though in this case, the world’s largest geothermal facil-
ity had been originally constructed back in 1960 up in 
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the Geysers region. However, this type of geothermal 
fuel—fl ash steam—was rare, so the technology devel-
oped here did not work well as the state’s other primary 
geothermal steam resources, such as those in Imperial 
County in southern California. In 1979, Magma Power 
Company generated electricity from a water-dominated 
geothermal fuel. A year later, it was federal R&D invest-
ments that helped ORMAT demonstrate a “binary” 
power generation technology, which then paved the way 
for utility-scale development. This new form of geo-
thermal power generation is so effi cient that ORMAT 
paid off its federal government loan in just one year.

 � California quickly became the nation’s top producer of 
electricity from biomass power plants, and they are still 
the leader. Today, roughly 625 megawatts of capacity 
currently is online. Of the 62 biomass power plants built 
in the 1980s, approximately 35 are still operable today. 
At the industry’s peak, 45 power plants were online gen-
erating electricity, thereby diverting 9.7 million tons 

Plate 30. This is the 240 MW Coso geothermal complex, located 
near the China Lake Weapons Reserve, just south of Owens Valley on 
Highway 395.
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of solid urban wood waste from California’s crowded 
landfi lls.

In each major renewable energy category—solar, wind, 
geothermal, and biomass—California quickly jumped into 
the category of global pioneer. It was not always pretty, as 
anyone who drives to the wind farms near Palm Springs 
on Hwy. 10 can attest to. However, it was remarkable that a 
single state—albeit a giant one with a plethora of renewable 
energy in the northern, southern, eastern, and western parts 
of the state—could spawn an entire industry in less than 
a decade. Grants, fi nancing, and expertise from the world 
over were involved with these pioneering efforts, harshly 
criticized by the state’s utilities as well as industry skeptics 
all across the country.

Remarkably, California’s natural history and the corre-
sponding energy streams that fl owed from the sun, wind, 
biomass wastes, and volcanic activity below the surface all 
provided the basis for a slow transformation of electricity 
infrastructure that attracted attention all over the world, 
both for its boldness and its seeming naïveté (fi g. 9).

Figure 9. PURPA gave a large boost to the production of electricity from 
alternative sources in California.
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