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WHERE DID THESE EVERYDAY

MIRACLES COME FROM?

As soon as the question is asked we know 

to suspect that the answer is not as simple 

as Apple, Amgen, or General Electric. 

We might recall something about microchips

and the Space Race, or know that the

National Institutes of Health funds research

into new drugs and treatments.

But most of us remain unaware of the depth

and breadth of American government sup-

port for technology and innovation. Our

gratitude at being able to video chat with

our children from halfway around the world

(if we feel gratitude at all) is directed at

Apple, not the Defense Department. When

our mother's Neupogen works to fight her

cancer, we thank Amgen, not NIH or NSF.

WHERE DO GOOD

TECHNOLOGIES COME FROM?

One answer is visionary presidents. From

George Washington to George W. Bush,

under presidents both Republican and

Democrat, the unbroken history of American

innovation is one of active partnership

between public and private sectors.

Washington helped deliver interchangeable

parts, which revolutionized manufacturing.

Lincoln, the railroads and agricultural

centers at land grant colleges. Eisenhower,

interstate highways and nuclear power;

Kennedy, microchips. But some of America's

most important technologies came out of

programs that spanned multiple presidents,

as in the case of medical and biotechnology

research; President Richard Nixon launched

the quest to cure cancer in 1971, while fund-

ing for the National Institutes of Health

tripled under Presidents Bill Clinton and

George W. Bush.

Another answer is war. Interchangeable parts

were developed at public armories, originally

for rifles. One hundred and fifty years 

later, microchips, computing, and the

Internet were created to guide rockets and

communicate during nuclear war; today

those technologies power our laptops 

and smartphones.

But outside of war, the United States has

made decades-long investments in medicine,

transportation, energy, and agriculture that

resulted in blockbuster drugs, railroads and

aviation, new energy technologies, and food

surpluses.

America’s brilliant inventors and firms

played a critical role, but it is the partner-

ships between the state and private firms

that delivered the world-changing technolo-

gies that we take for granted today.

THE ORIGINS OF THE iPHONE

There may be no better example of the invis-

ible hand of government than the iPhone.

Launched in 2007, the iPhone brought many

of the now familiar capabilities of the iPod

I N T R O D U C T I O N
Driving directions from your iPhone. The cancer treatments that save countless lives. The seed
hybrids that have slashed global hunger. A Skype conversation while flying on a Virgin Airlines

jet across the continent in just five hours.
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together with other communications and
information technologies made possible 
by federal funding:

O The microchips powering the iPhone
owe their emergence to the U.S. military
and space programs, which constituted
almost the entire early market for the
breakthrough technology in the 1960s,
buying enough of the initially costly
chips to drive down their price by a
factor of 50 in a few short years.

O The early foundation of cellular commu-
nication lies in radiotelephony capabili-
ties progressively advanced throughout
the 20th century with support from the
U.S. military.

O The technologies underpinning the
Internet were developed and funded 
by the Defense Department’s Advanced
Research Projects Agency in the 1960s
and 70s.

O GPS was originally created and deployed
by the military’s NAVSTAR satellite pro-
gram in the 1980s and 90s.

O Even the revolutionary multitouch
screen that provides the iPhone’s
intuitive interface was first
developed by University 
of Delaware researchers
supported by grants and
fellowships provided 
by the National
Science Foundation
and the CIA.

THE HISTORY OF

AMERICAN INNOVATION

The iPhone is emblematic of the public-
private partnerships that have driven
America’s technological leadership.

Historically, this partnership has taken two
general forms. First, the government has
long acted as an early funder of key basic
science and applied research and develop-
ment. So it was in agriculture, when the
government created new land-grant colleges
and expanded funding for agricultural
science, leading to the development of 
new and better crops. In medicine, many 
of today’s blockbuster drugs can trace their
existence to funding from the National
Science Foundation (NSF) and the National
Institutes of Health (NIH).

In addition to providing robust funding for
new scientific discovery and technological
advancement, the government has also
routinely helped develop new industries by
acting as an early and demanding customer
for innovative, high-risk technologies that
the private sector was unable or unwilling 
to fund. Military procurement during 
and after World War I helped America 

catch up to its European rivals 
in aerospace technology and 
was key to the emergence 
of the modern aviation industry.

Decades later, the modern
semiconductor and computer

industries were created with the
help of government procurement 

for military and space applications.

The case studies herein also demonstrate
that when this vital partnership between
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the public and private sector is severed, 

so too is American economic leadership.

Once a global leader in wind and solar

energy technology, the United States faltered

and never fully recovered as public support

ceased and other governments – Denmark,

Germany, and Japan – increased their

investments and stepped in to assume 

the mantle of leadership in the emerging

sectors. U.S. leadership in semiconductors

was also imperiled for a time, only to be

restored through renewed public-private

collaboration sponsored by President Ronald

Reagan’s Department of Defense and a con-

sortium of the industry’s leading figures.

From hybrid crops to blockbuster drugs,

nuclear power to wind power, and

microchips to the Internet, this report

compiles a series of Case Studies in

American Innovation that detail the role 

this key public-private partnership has

played throughout more than two centuries

of successful American innovation.
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For nearly a century, hybrid seeds and
agrichemical technology have dramatically
increased agricultural yields and reduced
food prices. Early public initiatives to
decentralize agricultural research along 
with sustained federal investment in agricul-
tural science and technology made these
innovations possible.

In the mid-19th century, agri-
culture formed the backbone
of the American economy
with half of the U.S. popula-
tion living on farms and 60
percent of all jobs connected
to agriculture. Most U.S.
farming families, however,
were uneducated and had lit-
tle access to practical and
technical training.

Recognizing the economic
importance of agricultural
resources, Congress estab-
lished the Agricultural
Division of the Patent Office
in 1839 to collect, distribute,
and research new varieties of seeds
and plants. The new agency became
the main repository for genetic plant
material in the country.

Over the following decades, the government
built a foundation for modern agricultural
science along with the widespread diffusion
of future agricultural innovations.

In 1862, Congress passed and President
Lincoln signed the Morrill Land Grant
College Act of 1862, providing states with
land that they could sell to develop agricul-
tural colleges where new agricultural and
mechanical practices would be taught.
Notable institutions including Ohio State
University, Iowa State University and the
University of California system, among

others, all originated from the
Morrill Act. Later, in 1887,
Congress passed the Hatch
Experiment Station Act, which

funded and expanded a system 
of state agricultural experiment

stations (SAESs), to provide a stronger
scientific and research base for profes-
sors at those schools.

To ensure the diffusion of new scientific
knowledge generated in the colleges,

Congress passed the Smith-Lever Act
in 1914, creating the Cooperative
Agricultural Extension Service – 
a partnership among federal, 
state, and county governments.
Extension services informed farm-

ers of new research and technological
advances relevant to their crops and local
conditions, helping them to continuously
boost productivity.

Together, the Morrill, Hatch, and Smith-
Lever Acts transformed U.S. agriculture into
a scientific and technological enterprise, and
the research funded through agricultural

SOWING THE SEEDS of
THE GREEN REVOLUTION

A G R I C U LT U R E

of



Agriculture

Case Studies  in  American Innovat ion December  2010 Breakthrough Ins t i tu te

8

extension services provided enormous bene-
fits to a growing nation. The development 
of double-crossed hybrid seeds, made
practical by maize geneticist Donald F. Jones 
at the Connecticut Agricultural Experiment
Station, dramatically boosted yields and
improved economic prospects for legions 
of American farmers. In 1934, less than one-
half of one percent of U.S. land planted in
corn was sowed with hybrid seed. By 1956,
virtually all corn planted in the United States
was hybrid corn.

Until World War II, agriculture continued 
to enjoy a privileged position in U.S. science
and technology policy, accounting for 39
percent of federal R&D spending in 1940.
Early federal investments in agriculture also
spurred the growth of industry-funded R&D,
which today exceeds that of the public
sector. By supporting valuable agricultural
knowledge and technologies, the public
sector laid the foundation for the vibrant
agribusiness industry that exists in 
America today.

Together, this public-private partnership

drove innovation and productivity improve-

ments that facilitated dramatic increases 

in agricultural production, even as harvested

cropland and the number of people

employed in the field has declined. From

1920 to 1995, harvested cropland declined

from 350 to 320 million acres, the share of

the labor force in agriculture declined from

26 percent to 2.6 percent, and the number 

of people employed in agriculture decreased

by two-thirds to 3.3 million, all while

agricultural production tripled.

By dramatically expanding agricultural pro-

ductivity, government investment in scientif-

ic research, education, and technology adop-

tion helped move America away from an

agriculture-oriented economy and into the

industrial age. It also led to the creation 

of some of the most important centers of

research and learning in the country today.

Sources: 

David Sunding and David Zilberman, “The Agricultural Innovation Process:  Research and
Technology Adoption in a Changing Agricultural Sector,” Handbook of Agricultural Economics,
Eds. B. L. Gardner & G. C. Rausser, chapter 04, pages 207-261, 2001. 

Kieth Fuglie et al, “Agricultural Research and Development:  Public and Private Investments
Under Alternative Markets and Institutions,” Agricultural Economic Report 735 (Washington
D.C. Economic Research Service, U.S. Department of Agriculture, 1996).

Tiffany Shih and Brian Wright, “Agricultural Innovation,” in Accelerating Energy Innovation:
Lessons from Multiple Sectors, eds. Rebecca Henderson and Richard G. Newell  (Chicago:
University of Chicago Press, 2010)

Hybrid seeds were responsible for dramatic reductions

in food prices over the 20th century. The foundation

for these and other agricultural innovations were laid

by the government, through early funding 

for agricultural science institutions and the diffusion 

of practical knowledge. 
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In 1860, settlers embarking on the long jour-
ney to the west had to travel by horseback,
foot, or covered wagon. This more than
2000-mile journey took at least six months,
and disease, starvation, and natural disasters
frequently threatened the lives of travelers.
By 1870, however, that same journey could
be completed quickly, safely, and
comfortably in just two
weeks on the transconti-
nental railroad, and
today, it can be done in
about three
days on an
Amtrak.

In 1862,
westward
expansion,
the military
imperatives of
the Civil War, and
the threat of a secession-
ist movement in California
combined to convince Congress of
the need to make a massive infrastructure
investment in creating a national rail trans-
port system. Aside from the sheer magnitude
of such a project, private companies were
further discouraged from undertaking this
effort by the unpredictable cost of develop-
ing unsettled territories as well as the imma-
turity of railroad construction and operation
practices. Given these uncertainties, the
transcontinental railroad required govern-
ment backing to minimize risk and instill
sufficient confidence in private investors.

To this end, President Lincoln signed the
Pacific Railway Act of 1862, which provided
public financing in the form of $16,000
bonds per mile of tracked grade to two
major private rail companies – Union Pacific
Railroad Company and Central Pacific
Railroad Company. They also received land

grants entitling them to alternating
ten-square-mile sections along the
route, which the firms could sell to
raise additional funds.

Assured of long-term financing, the
two firms competed to lay the most

miles of track. The Central
Pacific Railroad Company
built west from Omaha
while Union Pacific start-
ed in California and
began laying track east-
ward. In May of 1869, 
at Promontory Summit,
Utah, the rail lines met,
linking East and West 

via rail for the first time.

With the physical infrastructure largely com-
plete, the rail companies needed a highly
trained workforce to operate the complex
system. Fortunately, strategic early 19th cen-
tury policies targeted to support engineering
science, largely through the United States
Military Academy at West Point, provided 
a talented pool of engineers to survey and
oversee new railway construction as projects
multiplied across the nation. A study
conducted in 1867 found that out of 2,218

UNITING a NATION:

R A I L R O A D S
a
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West Point graduates, 155 went on to

become civil engineers, 41 to be superin-

tendents of railroads and other public works,

48 to be chief engineers, and 35 became

presidents of railroad corporations.

The advent of the transcontinental railroad

meant that trade, commerce, and travel

could be conducted at a pace previously

unimaginable. The rapid shipment of goods

allowed cities like Chicago to become

trading hubs and new marketplaces for corn,

wheat and lumber. Railroad projects also

opened up the vast lands of the American

West to settlement and economic activity,

unifying the national economy and fueling

the tremendous growth that marked the era.

By backing private companies, providing

critical upfront capital, and investing in

education, the birth of the transcontinental

railroad successfully ignited a new era of

economic growth.

Sources:

William Cronon, Nature’s Metropolis: Chicago and the Great West, (W.W. Norton & Co., 1991)

Thomas C. Cochran, “North American Railroads: Land Grants and Railroad Entrepreneurship,”
The Journal of Economic History, Vol. 10, pp. 53-67 (1950).

Forest G. Hill, “Government Engineering Aid to Railroads before the Civil War,” 
The Journal of Economic History, Vol. 11, No. 3, Part 1, pp. 235-246, (1951).

Lloyd J. Mercer, Railroads and Land Grant Policy: A Study in Government Intervention, 
(New York: Academic Press, 1982).

Generous government incentives and high-caliber,

Army-funded engineering training programs 

were critical to the expansion of rail 

in the 19th century. The transcontinental railroad 

opened the American West to settlers and commerce,

uniting a divided nation.
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Human flight
once conjured the
harsh lesson in hubris learned by Icarus, the
mythical boy who flew too close to the sun
on man-made wings and perished. Today,
unconcerned with hubris, millions of
Americans take to the skies every day, credit-
ing innovators like the Wright brothers and
Boeing with the ingenuity that made it possi-
ble. Yet when it comes to the development of
the modern aviation industry, it is the federal
government that looms large.

Just a few years after Kitty Hawk, America
was already lagging in the mastery of
aviation while European governments,
compelled by the military demands of World
War I, poured resources into aeronautics. 
In 1913, America ranked 14th in govern-
ment spending on aircraft development,
languishing in the company of Brazil and
Denmark while Britain, France and Germany
excelled in aviation design.

By mid-century, however, the United States
was well on its way to restoring its place at
the forefront of civilian and military aviation.
Government involvement – from research
support and deployment initiatives to the
creation of a carrier network and the enact-
ment of federal regulations – was the critical
catalyst for this remarkable turnaround,

securing the foundation for
America's modern aviation industry.

The unassuming establishment of the
National Advisory Committee for
Aeronautics (NACA) under the Naval
Appropriations Bill of 1915 marked the first
step toward America's renewed success in
aviation. With NACA, the government was
finally taking the nascent aviation industry –
and its vast potential in the commercial and
military sectors – seriously. 

NACA spearheaded many game-changing
innovations as early planes developed and
improved. Its first major accomplishment
was the construction of a sophisticated 
wind tunnel that allowed for the systematic
testing and observation of various shapes 
for wings and propellers. NACA also over-
saw the development of the cowling, an
engine improvement that reduced drag and
turbulence, saving huge quantities of fuel.
Within five years, the cowling was standard
equipment on every new plane produced. 

Meanwhile, government demand during the
First World War gave airplane manufacturers
a major boost at a time when private interest
in their products was lacking. Production
fell again after the war ended, but revived
with the passage of new military procure-
ment acts during the 1920s. 

FROM KITTY HAWK TO BOEING FIELD

The AVIATION INDUSTRYThe
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Government purchases enabled the appli-
cation of new advances in technology 
to domestic manufacturing. Among the
companies sustained by government
contracts was a little-known manufacturer
named Boeing.

In 1925, the Kelly Airmail Act spurred the
development of a mail transport system 
by the U.S. Postal Service, which served 
as a major catalyst for the budding aviation
industry. Airmail paved the way for
passenger aviation, as private mail carriers
began targeting passengers as a way to earn
extra income.

Although early passenger aviation was slow
to catch on due to safety concerns, it was
not long before the advantages of flight out-
weighed the high cost and safety risk. The
passage of the 1926 Air Commerce Act
allowed federal regulation of air traffic rules,
and for the first time systemically addressed
these safety risks. Notably, the private airline
industry supported the new regulations,
believing the government was essential to

realizing the full market potential of passen-

ger aviation. 

Throughout the 1930s, government support

continued to drive technical advances that

complemented the efforts of the private sec-

tor. For example, Douglas Aircraft Company

developed the DC-3 in 1935, which revolu-

tionized air travel by greatly increasing the

speed of flight and the distance possible in 

a single voyage. The plane’s introduction

enabled long-range air travel, and paved the

way for the modern American airline indus-

try. But while Douglas' in-house engineers

came up with its overall design, the DC-3

was full of components and technologies

developed through years of military research

and deployment.

By the early 1940s, the U.S. aviation sector

had expanded dramatically, in large part

through the timely actions of the federal

government. The foundations of today's

massive aviation industry had been laid. 

Sources

Roger Bilstein, “NACA Origins (1915-1930),” In Orders of Magnitude: A History of the NACA
and NASA, 1915-1990 (Washington, DC: National Aeronautics and Space Administration,
1989).  http://history.nasa.gov/SP-4406/chap1.html

Boeing Company, “DC-3 Commercial Transport,” 
http://www.boeing.com/history/mdc/dc-3.html

Boeing Company, “Heritage of Innovation,” http://www.boeing.com/history/index.html

Vernon Ruttan, Is War Necessary for Economic Growth?: Military Procurement and Technology
Development, (New York: Oxford University Press, 2006)

U.S. Centennial of Flight Commission, “The National Advisory Committee for Aeronautics
(NACA),” (2003)
http://www.centennialofflight.gov/essay/Evolution_of_Technology/NACA/Tech1.htm

Powered human flight was invented in the United States,

but by the First World War, America lagged 

behind in the emerging field of aviation. 

By mid-century, government support, ranging from 

R&D programs to deployment contracts, had restored 

U.S. expertise in aeronautics and laid the foundations 

for the modern aviation industry.

http://www.centennialofflight.gov/essay/Evolution_of_Technology/NACA/Tech1.htm
http://www.boeing.com/history/index.html
http://www.boeing.com/history/mdc/dc-3.html
http://history.nasa.gov/SP-4406/chap1.html
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In 2009, 4.8 billion
passengers traversed the skies on
jet airplanes. On a typical day, upwards of 
2 million Americans are airborne, traveling
at speeds approaching 600 miles per hour 
to nearly any destination on the planet. 

The speed and efficiency of commercial
aviation today is due almost entirely 
to a demanding U.S. Air Force constantly
pushing the private sector to innovate and
improve jet engine technology for military
application. This public-private partnership
eventually led to the development of a
commercial jet aviation industry that has
allowed the miracle of human flight to
become the commonplace, if still incredible,
form of transportation that it is today.

In the mid-1930s, Frank Whittle in the UK
and Hans von Ohain and Max Hahn in
Germany developed early jet engine proto-
types. For most of that decade, the United
States, under the leadership of President
Franklin Delano Roosevelt, put relatively
little faith in military aviation, directing
most military procurement towards naval
technologies. But by the onset of World War
II, the United States felt the urgent need for
advancements in military aircraft. Though
major U.S. efforts to develop jet engine
technology were initially based on the
British technology pioneered by Whittle, 

it was not long
before the United States

sought to overcome the persistent
shortcomings of both the early British and
German jet engine designs. A dynamic
partnership between the United States Army
Air Force and private R&D efforts led to a
revolution in both warfare and commercial
human transit.

By the end of 1930s, Whittle, a Royal Air
Force (RAF) pilot and engineer, had devel-
oped a relatively simple centrifugal flow
engine and had begun receiving military
funding to continue improving it. The
United States built off the UK’s success. 
After Congress passed emergency legislation
to expand aircraft manufacturing and
increase government support for military
aviation, the chief of the Army Air Force 
and U.S. firms arranged to transfer British 
jet engine technology to the GE turbojet
division. A bevy of private companies
including GE, Westinghouse, Pratt
&Whitney, and Lockheed began receiving
government R&D funding in the hopes 
that a jet could quickly be developed 
to aid U.S. war efforts. By 1942, GE had
developed the U.S. military’s first jet engine
– the I-A, followed by the J33 in 1944 – 
both based on the Whittle engine. These
advancements were completed too late for
use in combat, however.

A MARKET for SPEED

JET ENGINES
for

13
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A series of incremental innovations even-
tually led to the development of the 
J57 by P&W – the first jet engine with
10,000 pounds of thrust, doubling the 
power of most of its competitors and becom-
ing the springboard for the development 
of both military fighter jets and eventually,
commercial aviation. 

Initially, U.S. passenger air carriers were
hesitant to support the construction of jet
airliners, a technology they viewed as too
risky and costly to adopt hastily. However,
by 1952 Pan American Airways began
pursuing the dream of nonstop transatlantic
flight and soon became a pioneer in com-
mercial jet aviation. In 1955, Pan Am signed
contracts with Boeing and Douglas for the
707 and the DC-8, respectively, two early
jetliners. By 1958, the company had flown
its inaugural New York to London route,
opening a whole new realm of possibilities
for civilian aviation. 

Through the following decades, military
demands for ever-better aircraft and engines
continued to drive innovative new improve-
ments to jet engines, creating advancements
that progressively spilled over into commer-
cial jet aviation.

By pushing private companies to innovate

nascent gas turbine jet engines for military

use, the U.S. government assured companies

like GE and P&W of a market for these

advanced engines. The birth of commercial

aviation, as a result of this transformative

technology, demonstrates the dynamic effects

of public-private partnerships to enhance

and accelerate the development, deployment,

and commercialization of technological

innovations. Even today, the U.S. military

and Air Force work with private corpora-

tions like GE and P&W as part of the

Integrated High Performance Turbine Engine

Technology (IHPTET) program, designed to

leverage public and private efforts to drive

jet engine innovation forward.

Sources:

Andrew Revkin, “The Busy Skies,” The New York Times Dot Earth Blog, November 24, 2010,
http://dotearth.blogs.nytimes.com/2010/11/24/the-busy-skies/

Asif Siddiqi, “The Opening of the Commercial Jet Era,” U.S. Centennial of Flight Commission,
http://www.centennialofflight.gov/essay/Commercial_Aviation/Opening_of_Jet_era
/Tran6.htm

Charles D. Bright, “ The Principal Government Market: The United States Air Force,” 
The Jet Makers: The Aerospace Industry from 1945 to 1972,
http://www.generalatomic.com/jetmakers/chapter1.html

Charles D. Bright, “ The Other Government Markets: The Aerospace Navy, the Air Army, 
and NASA,” The Jet Makers: The Aerospace Industry from 1945 to 1972,
http://www.generalatomic.com/jetmakers/chapter1.html

“Engines 101,” GE Aviation, http://www.geae.com/education/engines101/

John Alic, Daniel Sarewitz, Charles Weiss, and William Bonvillian, “A New Strategy 
for Energy Innovation,” Nature: 316-317. 

Laurence K. Loftin, Jr. “Part II: THE JET AGE; Chapter 10: Technology of the Jet Airplane,”
Quest for Performance: The Evolution of Modern Aircraft, NASA
http://www.hq.nasa.gov/pao/History/SP-468/ch10-3.htm

Obaid Younossi, Mark V. Arena, Richard M. Moore, Mark A. Lorell, Joanna Mason, and John C.
Graser, “Military Jet Engine Acquisition: Technology Basics and Cost-Estimating Methodology,”
RAND Corporation: 97-120, http://www.rand.org/pubs/monograph_reports/MR1596.html

Vicki Norberg-Bohm, “Creating Incentives for Environmentally Enhancing Technological Change:
Lessons from 30 Years of U.S. Energy Technology Policy,” Technological Forecasting and Social
Change, 65 (2000).

Jet engines enable over 2 million Americans to travel

through the air every day. The demanding

procurement of the U.S. military gave rise to the

modern jet engine and continues to drive

improvements in the speed and efficiency of this

revolutionary technology.

http://www.rand.org/pubs/monograph_reports/MR1596.html
http://www.hq.nasa.gov/pao/History/SP-468/ch10-3.htm
http://www.geae.com/education/engines101/
http://www.generalatomic.com/jetmakers/chapter1.html
http://www.generalatomic.com/jetmakers/chapter1.html
http://www.centennialofflight.gov/essay/Commercial_Aviation/Opening_of_Jet_era/Tran6.htm
http://www.centennialofflight.gov/essay/Commercial_Aviation/Opening_of_Jet_era/Tran6.htm
http://dotearth.blogs.nytimes.com/2010/11/24/the-busy-skies/
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SPOTLIGHT 
A Breakthrough Gas Turbine

In 1992, the Department of Energy established the Advanced Turbine Systems (ATS)
program to overcome major obstacles to efficient turbine-based power systems. 
The program supported new research and product development, forging links

between university researchers, federal laboratories, and private sector partners
working toward specific technology targets. Less than a decade later, and building 

on innovations developed through the program, GE unveiled its GE H System
Turbine, which effectively reduced carbon dioxide emissions and broke the existing

temperature barrier for gas turbines – setting a new world record for turbine
efficiency in the process. The H System relies upon a number of innovative heat

resistant parts developed through the DOE program and drew upon ATS financial
support throughout the course of its research and development. 

After extensive testing and extended operation at a South Wales, UK facility, 
in 2005 GE signed a deal to construct a 775 megawatt power plant using 

H System technology in Southern California, and a second contract to build 
a new H System-based power plant in Japan.

This section excerpted and adapted, with permission from the authors, from Keller, Mathew R. 
and Fred Block (2008). “Hidden Success Stories: Highlights of Federally Supported Innovations.” University of California Davis.
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Today, microchips are critical to most of 

the technologies we rely on in our modern

lives – they can be found in everything 

from automobiles to iPhones – allowing 

us to communicate and process information

almost instantaneously. As of 2009, the

development and manufacture of microchips

was a $225 billion industry. But microchips

were not always so cheap and easy to make.

It required a massive procurement effort 

by the federal government to help improve

manufacturing processes and drive down the

price of these chips enough to make them

widely applicable and accessible.

Microprocessors arose out of the need 

for a reliable circuit that could drive the

increasingly sophisticated electronics being

developed in the 1950s. Complex electronic

processes required circuits involving 

many transistors, each of which had to 

be painstakingly soldered together, and 

still the connections were unreliable. 

In 1958, a truly groundbreaking idea was
finally realized in the laboratories of Texas

Instruments (TI). Jack Kilby, a TI engineer,
realized that this connection problem –
known to the electronics industry as the
“tyranny of numbers” – could be solved by
making each transistor in a circuit, as well 
as their connections, out of a single piece of
material. By late summer of that year, Kilby
carved a complex circuit out of a single 
piece of germanium metal, and the “integrat-
ed circuit” – also known as the microchip – 
was born.

Other engineers, most notably Robert 
Noyce of Fairchild Semiconductor, quickly
improved on Kilby's design, turning a
prototype into a promising new innovation
that could revolutionize computing. 
But the future of the microchip was by 
no means certain. It took the buying power 
of the U.S. government under President 
Dwight Eisenhower, and later President 
John F. Kennedy, to make the microchip 
into a mass-produced, affordable, and
ubiquitous technology.

The Air Force was the first big microchip
buyer. Kilby's and Noyce's innovation

The SEMICONDUCTOR REVOLUTION

MICROCHIPS
The
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competed with other next-generation circuit
designs – including some envisioned by
government researchers – but Air Force
engineers decided that the microchip best 
fit their needs for mass-produced, powerful
processors to guide the new Minuteman II
missile. The resulting demand built an indus-
try practically overnight, as the Air Force
purchased thousands of chips a week from
several firms. Assembly lines dedicated to
microchips were established, enabling pro-
duction of huge quantities of devices cheaply
and quickly.

But the Air Force was not alone in its vora-
cious demand for microchips. In the 1960s,
NASA, deep into planning for the Apollo
Project, needed advanced circuits for the
Saturn rocket's onboard guidance computer.
Soon, private companies were churning out
massive amounts of purpose-built Apollo
Guidance Computer microchips. In fact,
NASA bought so many that manufacturers
were able to achieve huge improvements 
in the production process, driving the price 
of the Apollo microchip down from $1000
per unit to between $20 and $30 per unit 
in the span of a few years.

As computers became more common in 
the 1960s, various agencies were buying
hundreds of thousands of chips a year, virtu-
ally every microchip firms could produce.
This insatiable demand for microchips rapid-
ly and massively expanded manufacturing

capacity and industrial expertise, paving the
way for cheap, mass-produced microchips
that could be sold to businesses and
ordinary Americans, and setting the digital
era in motion.

A PARTNERSHIP 

TO SAVE SEMICONDUCTORS:

S E M A T E C H
By the mid-1980s government and private
businesses coveted microchips not only 
for their vast technological potential but also
for the immense economic benefits inherent
to their manufacture. Despite early U.S.
dominance in semiconductor innovation,
Japan surged ahead in manufacturing the
technology, a terrifying prospect for U.S.
companies who sensed the market for
semiconductors would only become more
profitable. President Reagan’s Defense
Department was also concerned about 
the military implications of a dependency 
on imported semiconductors, used widely 
in Cold-War era weapons programs. 

Thus, in 1987, 14 highly competitive
domestic semiconductor manufacturers
joined with the federal government to form a
consortium called Sematech (SEmiconductor
MAnufacturing TECHnology). The new
partnership was conceived as an experimen-
tal effort to regain U.S. share of the global
microchip market and increase domestic
semiconductor manufacturing expertise. 

The purchasing power of the federal government made the microchip an affordable and ubiquitous technology.

Government procurement drove the price of microchips down by a factor of fifty in just a matter of years. 

Consider this: without these public investments in the semiconductor revolution, your iPod would cost $10,000 

and be the size of a room.
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The effort fostered an unprecedented degree
of collaboration among highly competitive 
U.S. firms.

By 1992, the semiconductor disaster had
been averted and the United States was
regaining its place in the global market for
microchips. Vice President Al Gore called
semiconductors the ‘V-8 engines of the
information superhighway’ because they
were driving the U.S. economy. Near the 
end of 1994, Sematech CEO Dr. William
Spencer announced the consortium’s self-
sufficiency and plans to relinquish federal

funding — an ideal end to a productive

public-private partnership.

Sources:

Paul Ceruzzi, A History of Modern Computing, (Cambridge Massachussents: MIT Press, 2003).

Longview Institute, “The Birth of the Microchip,”
http://www.longviewinstitute.org/projects/marketfundamentalism/microchip

Texas Instruments, “The Chip that Jack Built, ”
http://www.ti.com/corp/docs/kilbyctr/jackbuilt.shtml

Larry D. Browning and Judy C. Shetler, Sematech: Saving the U.S. Semiconductor Industry,
(College Station, Texas: Texas A&M University Press, 2000) 

SEMATECH, “SEMATECH History,” http://www.sematech.org/corporate/history.htm. 

Texas Instruments. “The Chip that Jack Built.” <URL:
http://www.ti.com/corp/docs/kilbyctr/jackbuilt.shtml>.

http://www.ti.com/corp/docs/kilbyctr/jackbuilt.shtml>
http://www.sematech.org/corporate/history.htm
http://www.ti.com/corp/docs/kilbyctr/jackbuilt.shtml
http://www.longviewinstitute.org/projects/marketfundamentalism/microchip
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Computers were once custom-built
colossi that occupied entire
rooms.  Today, personal com-
puters are so portable and
compact that many people
feel as though their MacBook
or HP Pavilion is merely an extension of
their own body – something central to both
their professional and personal lives. 

The stereotypical legend of the personal
computer (PC) emphasizes individual
brilliance and initiative, conjuring romantic
images of today's industry titans, like HP
and Apple, evolving from disheveled college
dropouts furiously tinkering away in garage
workshops. Of course, the government is
conspicuously absent from a narrative that,
while compelling, has more to do with
embellishment than historical fact. 

While the role of individual innovators can
hardly be understated, the active involve-
ment of the federal government – especially
through military and agency procurement –
was critical to the rise of the nation’s com-
puter innovation hub, Silicon Valley. Indeed,
today's personal computer embodies a
decades-long collaboration between private
innovators and an active and demanding
federal government.

From the beginnings of the com-
puter industry, federal and mil-

itary agencies promoted
vital basic research into
computing hardware and

government agencies often
served as early adopters for the first comput-
ers. In fact, the ENIAC, the first electronic
computer, was built in 1945 to crunch
numbers for the Army Ballistics Research
Laboratory. In the 1950s, the Army Signal
Corps funded research into semiconductors,
and weapons labs at the Atomic Energy
Commission were the first purchasers of
supercomputers, the ancestors of today's
desktop PCs. NASA, the Department of
Defense, the National Center for
Atmospheric Research, and the U.S. Weather
Bureau commissioned their own supercom-
puters soon after. Sensing the administrative
benefits of computing, the Social Security
Administration was also an early adopter of
computers, acquiring one of the first elec-
tronic computers in 1951 and fully function-
ing computers with storage in 1956.

Perhaps most importantly, the Air Force's
SAGE air defense project generated numer-
ous innovations in computing design and
production during the early 1950s, including
cheap manufacturing of computer memory,

SILICON VALLEY GARAGE 

or GOVERNMENT LAB

PERSONAL COMPUTING
or
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communication between computers, and 

the use of keyboard terminals. As the econo-

mist Vernon Ruttan writes, “The role of 

the military in driving the development 

of computer, semiconductor and software

technologies cannot be overemphasized.

These technologies were, until well into 

the 1960s, nourished by markets that were

almost completely dependent on the defense,

energy and space industries.” 

The government was also heavily involved 

in the development of computer software.

Defense agencies funded the basic R&D 

that led to early computer programs and

programming languages. During the 1970s,

in fact, defense spending fueled over half 

of all academic computing research, and

grants from the military's Advanced Research

Project Agency (ARPA) established the 

first university computer science programs 

at MIT, Stanford, Carnegie Mellon and 

elsewhere. In 1962, ARPA's computer

research budget exceeded that of all other

countries combined; by 1970, its funding

had increased fourfold. The Department 

of Defense was the single largest purchaser

of software well into the 1980's, ensuring

consistent market demand that fueled an

ever-growing industry.

In addition to producing major computing

advances through research funding and

direct acquisition, the federal government

also cultivated the innovators and engineers

of the modern computer industry. Many of

the minds behind the groundbreaking work

at Xerox’s infamous Palo Alto Research

Center (PARC) and at corporations like

Microsoft and Apple came straight from

government agencies. Bill Gates and Steve

Jobs might be famous names today, but

others were crucial in the PC's development

– men like J.C.R. Licklider, a pioneer

theorist of human-machine interactivity and

computer networking, and Ivan Sutherland,

whose government-funded Sketchpad

project created the first interactive graphics

program and led to the invention of the

computer mouse.

No less important, however, were the innu-

merable programmers, system designers, 

and computer theorists who cut their teeth

at ARPA. So many veterans of ARPA and

ARPA-supported university programs came

to work at Xerox PARC that insiders there

jokingly referred to an “ARPA Army.” These

numerous veterans of government-funded

programs helped Xerox PARC develop the

graphical user interface and the Alto, the

world’s first modern PC. Later, these same

innovators scattered to run startup firms like

Apple, Microsoft, and Adobe.

As Bill Gates himself acknowledges, “The

Internet and the microprocessor, which were

very fundamental to Microsoft being able to

take the magic of software and having the

The story of the PC is usually a romantic tribute 

to the unrestrained genius of lone inventors tinkering

in garage workshops. Yet history shows that the 

active support of the federal government, 

particularly the U.S. military and space programs, 

was critical to the rise of Silicon Valley. 

Indeed, today’s personal computer embodies a

decades-long collaboration between private innovators

and an active government.

20
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PC explode, were among many of the
elements that came through government
research and development.”

So while popular PC folklore makes little
mention of the government, in reality, public
funding built the foundations of personal
computing. The government's prescient
investments in computer research, hardware
and software deployment, and computer
science education unleashed a transforma-

tive technology and helped build a massive

industry from the ground up. 

Sources

Glenn Fong, “ARPA Does Windows: The Defense Underpinning of the PC Revolution,” 
Business and Politics, 3(3), (2001): 213-237

Vernon Ruttan, Is War Necessary for Economic Growth?: Military Procurement and Technology
Development, (New York: Oxford University Press, 2006)

Martin Weik, “The ENIAC Story,” Ordnance Ballistic Research Laboratories, 
January-February 1961,  http://ftp.arl.army.mil/~mike/comphist/eniac-story.html

http://ftp.arl.army.mil/~mike/comphist/eniac-story.html
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Google. Twitter. Facebook.
Pandora. Ebay.

These companies and the
services they provide have
rapidly and immeasurably
altered our daily lives and
the way that we communi-
cate with one another – all
thanks to the connective
power of the World
Wide Web. In fact, the
Internet is so thoroughly
ingrained in our modern society
that most people pay little
attention to its origin.
While we look to these com-
panies as the pioneers of the
Internet, the United States government – 
and in particular the U.S. military – 
was responsible for developing and demon-
strating the core technologies that led 
to the Internet.

The Internet has its origins in the Space
Race and the Cold War. After the Soviet
Union’s launch of the Sputnik satellite, the
U.S. government responded to the threat
posed by Russia’s newly displayed technolog-
ical prowess by creating the Advanced
Research Projects Agency (ARPA), whose
purpose was to drive American technology
advancement in critical defense-related
fields. It was this government agency –
renamed the Defense Advanced Research
Projects Agency (DARPA) in the 1970s –
that made major investments in the

technologies that
would lead to the birth
of the Internet.

One of the Department
of Defense’s primary

challenges during the
Cold War was to find a
way to protect its commu-
nications systems from
nuclear strike. In the
1950s, the first comput-
ers were used by the mili-
tary as Semi-Automatic

Ground Environment
(SAGE) sites to simultaneously

monitor multiple radar systems. This
technology allowed the air force to track
Soviet bombers and respond quickly in the
case of an assault, however the SAGE sites
were highly vulnerable to Soviet attack,
potentially rendering the military deaf and
dumb, unable to regroup and respond. ARPA
needed to create a more flexible communica-
tions network with the resilience to survive
an attack upon a central location.

To meet this challenge, ARPA sought the top
minds in the country at American universi-
ties and funded their research, while simul-
taneously targeting individuals in the private
sector who could help create a communica-
tions network of multiple computer systems.
J.C.R Licklider, an MIT professor, was hired
in 1962 as part of the agency’s Information
Processing Techniques Office (IPTO). 
He envisioned a system of “time sharing” 

FROM ARPANET TO THE WORLD WIDE WEB

The I N T E R N E TThe
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in which central terminals could be accessed

remotely via a telephone connection.

Licklider wanted to engineer computers 

that could quickly assemble information,

allowing humans to devote more time to

final decision-making.

At the same time that ARPA was investing 

in communications research, another gov-

ernment-funded institution, RAND, was also

working on durable communications switch-

ing. This nonprofit think tank had hired

Polish-born Paul Baran to work in the

organization’s computer science department. 

His innovative “packet-switching” concept

would become the foundation of the

Internet. Licklider’s “time sharing” method

still left central terminal stations vulnerable

to attack, but with Baran’s new method,

“packets” of information could be automati-

cally transmitted from computer to comput-

er. Most importantly, the system created a

true peer-to-peer network, allowing a pair 

of computers to link up directly with one

another. This bypassed the need for a central

control station, effectively eliminating the

threat of a centralized attack.

With the core ideas behind the Internet in

hand, the next step was a successful demon-

stration of RAND’s design. The Air Force

appealed to AT&T to build the infrastructure

and supply the telephone service needed to

demonstrate the technology. AT&T turned 

it down, but the state-run British Post Office

accepted the offer, and with federal funding,

demonstrated the viability of the technology

within a year. 

ARPA continued to develop this infrastruc-

ture by connecting a number of universities

on the west coast. It attempted at first to

commission IBM to build a personal com-
puter that would be supported by the new
network, but IBM rejected the offer. The
company had been successful producing
mainframe computers, central terminals that
were the standard computing systems of the
1950s and 60s, and saw the new networking
idea as a threat to business. Instead, ARPA
employed a small, Massachusetts-based firm
-- Bolt, Beranek and Newman -- to create the
computers and the communications network
that would support it.

Within nine months, the beginnings of
“ARPANET” took shape. The first ARPANET
connection was successfully demonstrated in
October 1969 when an AT&T telephone line
was used to link two computers, one located
at the University of California, Los Angeles,
the other at Stanford Research Institute. 
By 1971, 15 sites had been linked. In 1972, 
the fledgling Internet was demonstrated at
the International Conference on Computer
Communication, where skeptics were
impressed by the responsiveness and robust-
ness of the system. An outgrowth of the
conference was the International Network
Working Group, composed of researchers
who were exploring packet switching tech-
nology. Several of these participants went on

The ubiquitous World Wide Web now enables

instantaneous communications connecting the far

corners of the world. Despite the high profile 

of Internet icons like Google and Facebook, 

the United States government was responsible for the

core innovations and key technologies that become

known as the Internet.
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to create an international standard for packet
switching communication, resulting in the
development of commercial packet switching
in the United States and paving the way for
the World Wide Web. The 1972 conference
provided the crucial launching point for the
Internet to become a widespread commercial
technology, exceeding applications for mili-
tary defense.

What began as a solution to a military chal-
lenge has now become the foundation of our
modern communications age. The U.S. gov-

ernment, through ARPA/DARPA, the Air
Force, and RAND, guided the creation of the
Internet from its origins in defense to its
commercialization as a worldwide communi-
cations system. Without the government’s
investments in R&D, demonstration, and
deployment, the Internet revolution would
not have occurred.

Sources

Paul Ceruzzi, A History of Modern Computing, (Cambridge Massachussents: MIT Press, 2003).

Vernon Ruttan, Is War Necessary for Economic Growth?: Military Procurement and Technology
Development, (New York: Oxford University Press, 2006)

SPOTLIGHT 
The Global Positioning System (GPS)

GPS (Global Positioning System) is a collection of 24 satellites that can pinpoint your
precise location, aiding everyday navigation tasks. Now a common feature of most

automobiles and cellular phone devices, the roots of this now familiar technology lie
entirely within the Department of Defense. 

In the early 1960s, DOD programs developed the original foundations of GPS to enable
precision weaponry and coordinate military activities. The Navy sponsored two programs,
Transit and Timation, which were predecessors to GPS. Transit was the first operational
satellite-based navigational system, and was originally designed to track ballistic missile

submarines and other ships at the ocean’s surface. Timation was a space-based navigation
program used to advance the development of two-dimensional navigation.  Simultaneously,
the Air Force was working on a similar technology to pinpoint the positions of aircraft to

within a hundredth of a mile.

By 1983, the GPS ceased being solely a military system and was made available for public
use, enabling a whole new class of services and applications.  By 1995, what had become

known as the NAVSTAR GPS system was fully operational.

Scott Pace, et al, The Global Positioning System: Assessing National Policies, (Washington DC: Rand Corporation, 1995)
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More than 400 nuclear
power plants successfully
supply massive amounts of
carbon-free, reliable energy
all over the world. Nuclear
power is the only significant new
carbon-free energy source pioneered and
widely deployed in the latter half of the 
20th century. This indispensible technologi-
cal feat was primarily accomplished through
publicly funded research, demonstration,
and deployment. 

America's nuclear power industry has its
origins in the Manhattan Project to develop
atomic weapons during World War II. In
1941, President Franklin Delano Roosevelt,
aware of Germany's ongoing efforts to
develop nuclear weapons, authorized an
aggressive initiative to control nuclear 
fission for incorporation into armaments. 
By December 1942, an Army-backed
research team achieved controlled nuclear
fission underneath a University of Chicago
rackets court. It was the first such demon-
stration in world history.

From 1942 to 1945, the United States invest-
ed $20 billion (in 2003 dollars) into a mas-
sive nuclear research and deployment initia-
tive. The Manhattan Project created the 
first National Laboratories at Oak Ridge,
Hanford, and Los Alamos, research centers 
at several American universities, and funded

labs and production
facilities from coast 

to coast. This massive
government effort succeeded

within three years, with the
detonation of the first nuclear bomb

at a New Mexico test site in July 1945.

This achievement marked the beginning, not
the end, of America’s investments in nuclear
technology. President Eisenhower’s “Atoms
for Peace” address in 1953 and the 1954
Atomic Energy Act (AEA) committed the
United States to develop peaceful uses for
nuclear technology, including commercial
energy generation. Simultaneously, the
Atomic Energy Commission announced 
a Power Demonstration Reactor Program,
which included federal cooperation with 
two firms to demonstrate a first-generation
nuclear reactor in Pennsylvania.

The new National Laboratory system,
established by the Manhattan Project, was
maintained and expanded, and the govern-
ment poured money into nuclear energy
research and development. Federal research,
in turn, produced advanced technologies 
like the Boiling Water Reactor, first
demonstrated at the Idaho National Labs and
the Pressurized Water Reactor, developed 
at Oak Ridge National Laboratory, both
nuclear technologies currently deployed
throughout the world.

ATOMS for PEACE

N U C L E A R  P O W E R
for
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Recognizing that research was not sufficient
to spur the development of a nascent,
capital-intensive industry, the federal govern-
ment created financial incentives to spur the
deployment of nuclear energy. For example,
the 1957 Price Anderson Act limited the
liability of nuclear energy firms in case 
of serious accident and helped firms secure
capital with federal loan guarantees. In 
the favorable environment created by such
incentives, more than 100 nuclear plants
were built in the United States by 1973.
Today, these plants generate nearly 20 per-
cent of US electric power and have a peak
capacity of over 100,000 megawatts.

Meanwhile, other countries seized on
America's advances to meet their own energy
needs. Today, France generates over eighty
percent of its electricity with nuclear fission,
Japan thirty percent, and South Korea forty
percent. In total, 441 nuclear plants are cur-
rently in operation worldwide – all based on

the process of nuclear fission first pioneered
by U.S. government-supported initiatives. 

Despite the current political and financial
obstacles to new deployment in the United
States, nuclear energy remains a prime
example of a valuable technology created by
strong and consistent government support.
Any initiative to develop next-generation
energy resources will undoubtedly look back
to the bold precedent set by the federal gov-
ernment's development of atomic energy.

Sources

John Deutch and Ernest Moniz, et al, The Future of Nuclear Power, Massachusetts Institute 
of Technology, (2003) http://web.mit.edu/nuclearpower/

International Atomic Energy Agency, Nuclear Power Worldwide: Status and Outlook, (2007),
http://www.iaea.org/NewsCenter/PressReleases/2007/prn200719.html

Vernon Ruttan, Is War Necessary for Economic Growth?: Military Procurement 
and Technology Development, (New York: Oxford University Press, 2006)

University of Chicago, “The Chain Reaction: December 2, 1942 and After,” 
University of Chicago Library Special Collections Research Center,
http://www.lib.uchicago.edu/e/spcl/chain.html

From the Manhattan Project to “Atoms for Peace,” public investments in nuclear energy led to the development and

commercialization of the only new carbon-free energy source widely deployed in the latter half of the 20th century.
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Not every federal investment in technology has gone according to plan. One technology development program, 
the Synthetic Fuels Corporation (SFC), is routinely invoked as an example of federal technology policy gone awry. 

Yet the program actually succeeded in its technological mission, and while it failed to spark a new industry, 
it provided the underpinnings for carbon capture and storage technology. 

Established in 1980, the Synthetic
Fuels Corporation (SFC) was
launched by Congress as an
attempt to develop significant
alternative domestic fuel produc-
tion in light of the Arab oil embargoes in the
1970s. The Corporation, a government-fund-
ed, public-private initiative, would oversee an
$88 billion program (over $200 billion in
today’s dollars) aimed at producing fuels
from U.S. coal and oil shale, including R&D
funding for basic technologies, price guaran-
tees and purchasing commitments for pro-
duced fuel, loans to the private sector, and
subsidies for fuel plant construction. Its
architects promised massively expanded pro-
duction of “synfuels” within years, offsetting
nearly half of America’s petroleum imports by
the early 1990s.

Of course, these rosy visions never material-
ized. With oil prices falling by the late 1980s,
the SFC was unable to produce price-compet-
itive fuels. Wracked with administrative prob-
lems, and suffering from negative public opi-
nion, the SFC was terminated in 1986, and
today, synfuels are an insignificant component
of America’s oil-intensive energy economy.

The failure of the SFC is frequently cited as
an argument against any significant govern-

ment intervention in technology
development and commercializa-
tion. However, the reality is that
the SFC actually succeeded in its

technological mission. The experi-
ment succeeded at creating fuel that would
have been price competitive with oil at $60
per barrel – well below the price of oil at the
time the Corporation was created. It was the
collapse of oil prices in the global market
that ultimately doomed the program, not 
a failure of the technological endeavor.

In addition, North Dakota's Great Plains
chemical plant, built with SFC funding 
in the early 1980s, was a key demonstration 
of both coal gasification technology and
large-scale carbon capture and storage –
technologies that are now the subject 
of great interest as concerns about climate
change mount.

Sources

Milton R. Copulos, “Salvaging the Synthetic Fuel Corporation,” Heritage Foundation
Backgrounder #423, (1985).
http://www.heritage.org/Research/EnergyandEnvironment/upload/87432_1.pdf

John Deutch, “What should the government do to encourage technical change in the energy
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National Academy of Sciences, The Government Role in Civilian Technology: 
Building a New Alliance, (Washington, DC: National Academies Press, 1992).
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Rising high above the cotton fields in the

town of Roscoe, Texas, (population 1,300)

627 wind turbines make up what is

currently the largest wind farm in the world. 

At 781.5 megawatts, the massive wind

project supplies power to more than 250,000

Texan homes. Organized by a local cotton

farmer from Roscoe, the farm is just one of

many wind energy projects reviving the local

economies in West Texas and throughout 

the United States.

It is not just the United States getting in on

the wind energy action; wind energy is one

of the fastest-growing energy industries in

the world, and is expected to remain so over

the next decade. Globally, the industry has

grown from 17,000 megawatts in 2000 to

160,000 megawatts in 2009, an annual

growth rate of nearly 29 percent. 

The modern industry has changed dramati-

cally from its humble beginnings in the early

1970s, when the public response to oil crises

and environmental concerns prompted a

renewed look at the technology. Over the

subsequent decades, technological innova-

tion in the sector proceeded quickly; from

1980 to 1990, the cost of wind-generated

electricity declined by a factor of five, from

38 cents per kilowatt-hour to eight cents per

kilowatt-hour. Today, prices are lower still,

and approach competitiveness with conven-

tional fossil fuels in some geographic areas. 

From the start, the federal government

played a key role in driving technological

innovation in the wind energy sector by
funding the development, demonstration,
testing, and deployment of new wind
turbines. Federal support helped private
companies like GE Wind, the world’s second
largest turbine manufacturer, improve 
their technology and gain a foothold in 
early markets. 

In the 1980s, the federal government pur-
sued two different R&D efforts for wind
turbine development. The first was a “big
science” effort by NASA and the Department
of Energy (DOE) to use U.S. expertise in
high-technology research and products to
develop new large-scale wind turbines for
electricity generation, largely from scratch.
Perhaps predictably, this effort was less
successful, because
it was relatively
detached from the
private sector and the
operational experience 
of wind turbines. 

A second, more successful
R&D effort, sponsored by the
DOE, focused on component
innovations for smaller tur-
bines that used the opera-
tional experience of existing
turbines to inform future
research agendas. This pro-
gram led to substantial
improvements in wind
turbine efficiency dur-
ing the 1980s. Joint

HARNESSING the WIND 

COMMERCIAL WIND POWER
the
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research projects between the government

and private firms produced a number of

innovations that helped increase the efficien-

cy of wind turbines, including twisted blades

and special-purpose airfoils. Of that era’s 

12 key innovations in turbine components,

seven were funded, at least in part, by the

federal government. 

Publicly funded R&D was coupled with

efforts to build a domestic market for new

turbines. At the federal level, this included

tax credits and the passage of the Public

Utilities Regulatory Policy Act (PURPA),

which required that utilities purchase power

from some small renewable energy genera-

tors at avoided cost. Most of the market 

for wind turbines in the 1980s was in

California, where the state’s implementation

of PURPA was particularly generous, and

importantly, permitted long-term power pur-

chasing contracts, which helped reduce risk

for project developers. The state government

also passed state-level tax credits and con-

ducted resource assessments to determine

optimal geographic sites for wind power. 

Both federal and state support for wind tur-

bine development helped drive costs down

considerably, but policy incentives at both

the federal and state level were discontinued

at the end of the decade, leading to a break-

down in the public-private partnership that

had driven the industry and a stagnating

domestic market. 

As policy incentives disappeared in the

United States, Denmark, today a global

leader in the wind energy industry, increased

investment in the sector. From 1979 to

1989, the government covered 30 percent 

of wind energy investment costs and paid

above-market prices for electricity generated

from wind turbines. Denmark also provided

robust support for wind energy research

through the government’s leading research

center, Risø National Laboratory, which

introduced innovative standards for wind

turbines and worked with private firms to

ensure their safety and reliability. The strong

public-private partnership developed by

Denmark’s national wind energy policies

built a world-leading industry that remains

competitive to this day. Vestas, a Danish

wind energy company, is the number one

wind turbine manufacturer in the world. 

After a nearly five-year federal policy hiatus

in the late 1980s, the U.S. government

enacted new policies to support the industry

in the early 1990s. The National Renewable

Energy Laboratory (NREL) continued its

support for wind turbine R&D, and also

launched the Advanced Wind Turbine

Program (AWTP), with three phases, includ-

ing concept design, near term product

development, and next generation product

development. The goal of the AWTP was 

to reduce the cost of wind power to rates

that would be competitive in the U.S.

market. Policymakers also introduced new

mechanisms to spur the demand of new

wind turbines and boost the domestic

market, including a 1.5 cents per kilowatt-

Today wind generated electricity is nearly competitive

with conventional energy technologies. This wasn’t

always the case. Through funding for R&D and

incentives to spur demand, the federal government

helped lower the price of wind power by a factor of

five over a decade, falling further thereafter.
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hour tax credit (adjusted over time for
inflation) included in the 1992 Energy
Policy Act. 

While the new production incentive helped
narrow the price gap between wind 
energy and fossil fuels, this gap persisted.
Consequently, the government funded
additional programs to support the deploy-
ment of a new generation of turbines being
developed by U.S. manufacturers with
support from NREL R&D efforts. In 1992,
NREL, in partnership with the Electric
Power Research Institute (EPRI), a private-
sector consortium, launched the Utility
Wind Turbine Performance Verification
Program. Though the program only resulted
in four utility installations totaling less 
than six megawatts, it allowed wind turbine
manufacturers to test new designs and
improve their performance after initial
market experience. 

One of the firms that benefited immensely
from federal technology development efforts
was Zond, Inc. Zond, which later became
Enron Wind Corp., relied on the DOE for
one-third to one-half of its technology devel-
opment funding. Resources provided by
NREL through the second phase of its
Advanced Wind Turbine Program con-

tributed to the development of Zond’s first
commercial turbine, the Z-40, and the joint
NREL/EPRI verification program provided its
first market. AWT phase three funding led to
the development of a new, larger turbine, the
Z-46, which was later selected in a number
of new wind farm solicitations supported 
by state-level policies. In 2002, Enron Wind
Corp., was purchased by GE and became GE
Wind. Thus, both Vestas in Denmark and
GE Wind in the United States, the number
one and two global wind turbine manufac-
turers, respectively, have their origins in the
same kind of active public-private technolo-
gy partnership responsible for so many other
important American innovations.
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Vicki Norberg-Bohm, “Creating Incentives for Environmentally Enhancing Technological Change:
Lessons from 30 Years of U.S. Energy Technology Policy,” Technological Forecasting and Social
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In March 2010, American firm First
Solar, the world’s leading manufactur-
er of thin-film photovoltaic solar
cells, signed an agreement to sup-
ply one of the largest photovoltaic
plants in the United States. At 550
megawatts, the plant would pro-
vide enough electricity to power
nearly 160,000 homes. First Solar
has stormed onto the solar scene over
the last five years as manufacturing
innovations and advancements in
its technology have helped the firm
secure a position as the global cost
leader in photovoltaics. The compa-
ny uses the less expensive cadmium
telluride as a semiconductor for its
cells as opposed to the more common crys-
talline silicon, and it recently brought its
manufacturing costs below $1 per watt, 
a milestone in the field. 

First Solar’s success would not have been
possible had it not been for the federal
government acting as a key partner in the
development of solar photovoltaics (PV) – 
a technology industry the federal govern-
ment single-handedly created by acting 
as the technology’s initial customer in the
mid-20th century. 

Solar PV technology was born in the United
States, when Daryl Chapin, Calvin Fuller,
and Gerald Pearson at Bell Labs first demon-
strated the silicon solar photovoltaic cell in
1954. The first cells recorded efficiencies of
four percent, far lower than the 25 percent

efficiencies typical of some silicon
crystalline cells today. At a cost of $300

per watt, more than one hundred
times more expensive than typical

utility electricity rates at that time,
the early cells were far too
expensive for wide-scale
commercial adoption.

With the cost out of reach for
most applications, developers

of the new technology had to
look elsewhere for an early

market. As it turned 
out, solar PV did make

economic sense in one market
segment: aerospace. The United States

Army and Air Force viewed the technology
as an ideal power source for a top-secret
project on earth-orbiting satellites. The
government contracted with Hoffman
Electronics to provide solar cells for its new
space exploration program. The first com-
mercial satellite, the Vanguard I, launched in
1958, was equipped with both silicon solar
cells and chemical batteries. The latter lasted
only a week, while the PV cells, which were
used to power its radios, allowed the satellite
to continue communicating with stations
back on Earth for years. By 1965, NASA was
using almost a million solar PV cells. Strong
government demand and early research
support for solar cells paid off in the form 
of dramatic declines in the cost of the
technology and improvements in its perform-
ance. From 1956 to 1973, the price of PV
cells declined from $300 to $20 per watt.

A LIMITLESS ENERGY SOURCE

SOLAR POWER 
A
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Beginning in the 1970s, as costs were
declining, manufacturers began producing
solar PV cells for terrestrial applications.
Solar PV found a new niche in areas distant
from power lines where electricity was
needed, such as oilrigs and Coast Guard
lighthouses. The government continued 
to support the industry through the 1970s 
and early 80s with new R&D efforts under
Presidents Richard Nixon and Gerald Ford,
both Republicans, and President Jimmy
Carter, a Democrat.

During this period, the U.S. government
investment hundreds of millions of dollars 
in solar PV R&D, peaking at $325 million 
in 1980 – more than twice that of its nearest
competitors in the industry. As a result, 
the U.S. dominated the solar market with 
76 percent of global production.

Throughout the mid-1980s, however, public
funding for R&D declined sharply under
President Ronald Reagan. Most critically, the
United States failed to craft effective policies
to stimulate the deployment of new PV mod-
ules as they became relatively less expensive.
As a result, the United States forfeited its
market leadership to Japan (and later
Germany). By 1986, Japan’s market share was
46 percent, compared to the United States’ 

26 percent. Of particular concern was Japan’s

growing lead in amorphous silicon (a-Si)

“thin-film” PV cell research – cells that were

less efficient but cheaper to manufacture

than traditional crystalline technologies.

The federal government responded to this

threat by becoming the first country to

leverage cost-sharing arrangements between

public agencies and the private sector 

to speed the commercialization of PV

technologies. Even though federal invest-

ment in solar PV R&D declined in the 

mid-1980s, the amount of money that 

the government invested in public-private

partnership projects rose throughout the

1980s and 1990s.

One such project was the Thin Film PV

Partnership, managed by the DOE-funded

National Renewable Energy Laboratory

(NREL), which conducted joint research

projects with private firms to increase thin

film cell efficiency. The first subcontract in

the Thin Film PV Partnership was awarded

in 1991 to Solar Cells Inc., a small start-up

firm that would later become PV giant First

Solar, today’s leading thin film PV

manufacturer.

As a direct result of government involve-

ment in solar PV development, 13 of the 

14 top innovations in PV over the past 

three decades were developed with the 

help of federal dollars, nine of which were 

fully funded by the public sector. America’s

decades of public support have both

facilitated the emergence of private sector

success stories like First Solar, while

encouraging the critical solar R&D that

helped to dramatically drive down the 

costs of solar cells.

First Solar leads the world in the manufacture of

relatively inexpensive thin-film solar PV cells. 

But First Solar would have never succeeded if the

federal government had not created the 

solar industry by acting as a demanding initial

customer as well as a frugal funder.
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SPOTLIGHT 
Printable Solar Cells

Nanosolar is a leading Silicon Valley photovoltaic firm that has helped to push forward 
a new wave of solar technologies that could revolutionize the industry. It is particularly

well-known for its roll-printed thin-film solar cells which have dramatically lowered costs
and improved efficiency of producing solar cells. 

Founded in 2001, Nanosolar has worked on both civilian and military technologies,
and its technological breakthroughs have been intertwined with support from federal 

and state agencies. In 2002, Nanosolar received $1 million from the Air Force. In 2003,
Nanosolar was awarded funding from both the National Science Foundation and the

California Energy Commission. In 2004, DARPA (the Defense Advanced Research
Projects Agency) awarded Nanosolar a $10.3 million contract to develop solar cells.

Separately, a Phase I and Phase II Small Business Innovation Research (SBIR) 
grant through DARPA awarded in 2004 and 2005 helped to improve the manufacturing
processes for Nanosolar’s printable solar cells. Another SBIR grant in 2006/2007 – this
time from the Department of Energy (DOE) – supported Nanosolar’s efforts to improve

the efficiency of its printing process. The DOE, in total, awarded nearly $20 million 
of funding to Nanosolar through grants or contracts made through the SBIR program, 

the National Renewable Energy Laboratory, and the Solar American Initiative. 

The firm has also collaborated with Stanford University, Sandia National Laboratory 
and Lawrence Berkeley National Laboratory, among others, in the development 

of its technologies.

This section excerpted and adapted, with permission from the authors, from Keller, Mathew R. and Fred Block (2008). 
“Hidden Success Stories: Highlights of Federally Supported Innovations.” University of California Davis.

http://www.californiasolarcenter.org/history_pv.html
http://www.solarbuzz.com/Technologies.htm
http://www.nrel.gov/research_review/2007/deployment_thin_film.html
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What do Epogen, Neupogen,
and Rituxan have in com-
mon? They are all block-
buster biotechnology
drugs that netted their
manufacturers, Amgen
and Genentech, a com-
bined $10 billion in
2009—and they were all
made possible by federal
investment in recombinant
DNA technology. 

The traditional story of the development 
of these drugs is one of scientific discovery,
followed by those discoveries being exploit-
ed by entrepreneurs in the private sector 
and translated into new commercial drugs
motivated by the pursuit of profit in the free
marketplace. Absent from the traditional
account, however, is the instrumental 
role that the federal government played in
developing the modern biotech industry. 

The biotechnology industry has its origins 
in decisions made by President Richard
Nixon in 1969, to convert the nation’s 
well-funded biological weapons program
into a bio-medical research effort. Worried
about the United States’ competitive position
in biological sciences relative to rivals like 
the Soviet Union and Japan, Nixon made 
a strategic decision to expand non-military
research funding and diversify research
efforts through universities and non-military
agencies like the National Science
Foundation (NSF). 

Grants from NSF and the National Institutes
of Health (NIH) supported the pioneering

university research of Herbert Boyer 
and Stanley Cohen, who invented 

DNA cloning, now known as recombi-
nant DNA (rDNA), a process that 

formed the technical
foundation of the

modern biotech
industry.
Recombinant

DNA gave scien-
tists an unprecedented degree of control over
genetic material, allowing them to modify
and augment existing genes to create new
molecular entities (MNE’s) with potentially
large medicinal benefits.  

By 1976—the same year that Boyer founded
Genentech—NIH was funding 123 biotech-
related projects. NIH officials viewed rDNA
techniques as likely to yield progress in the
fight to cure cancer, and by 1987 the federal
agency invested more than $100 million
toward new cancer research. Encouraged 
by robust federal support, academic scien-
tists as well as biotech and pharmaceutical
companies viewed molecular biological
research as the “research line of choice,”
spurring growing private sector investments
in the new field.

Under Presidents Jimmy Carter and Ronald
Reagan, the government also worked to
accelerate private sector commercialization
of new biotech discoveries by enacting a
number of important pieces of legislation.

RECOMBINING for THE CURE

B I O T E C H
for
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The 1980 Bayh-Dole Act enabled scientists,

universities, and corporations receiving fed-

eral research grants to patent and license

their discoveries for the first time, encourag-

ing stronger university-industry relations.

Also passed in 1980, the Stevenson-Wydler

Technology Innovation Act greatly encour-

aged the transfer of scientific discoveries

made in university or government laborato-

ries to the private sector. The law mandated

the creation of technology transfer offices at

all federal agencies to establish intellectual

property rights and provide incentives for

commercially relevant research. The Federal

Technology Transfer Act of 1986 authorized

cooperative research and development agree-

ments (CRADAs) between industry and gov-

ernment, allowing commercial firms to draw

on the unique resources of federal laborato-

ries. These and other policies accelerated the

development and commercialization of new

innovations in biotechnology, along with

numerous other sectors.

Since the 1980s, the federal commitment to

health research has only grown. From 1995

to 2008, under both President Bill Clinton

and President George W. Bush, funding for

the NIH nearly tripled from $11 billion to

$29 billion per year.

The impact of federal funding on the
biotechnology industry has been dramatic.
Of the fifteen U.S.-developed “blockbuster”
biotechnology drugs (those with over 
$1 billion in annual sales), thirteen received
significant government support for drug 
discovery and development or for clinical
trials. For eight of the thirteen drugs, the
federal government either funded research
conducted in university labs, or NIH scien-
tists made the key discoveries in government
labs. These blockbuster drugs, in turn, 
have shaped the market position of world-
class biotech firms. 

It is not an exaggeration to say that the
world-leading U.S. biotech industry would
not have taken root without an active and
robust partnership between the private sec-
tor and the federal government. Beyond the
field of medicine, government investment 
in biotechnology has also made possible
advances in agricultural production and
tailored organisms enabling new industrial
processes, and continues to push the limits
on biotechnological innovation.
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Federal investment in recombinant DNA technology

over the last four decades helped build a multi-billion

U.S. biotechnology industry

http://www.sciencecoalition.org/successstories/fullReport.cfm
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