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> INTRODUCTION <«

If ever there were a time to hit the reset button on energy policy, it is today. Congress is set to adjourn
without taking substantive, long-term action on either climate or energy. While conservatives may be
celebrating the death of cap and trade, the truth is that the right's longstanding hopes for the expansion
of nuclear power and oil production have also run aground, foundering on the high cost of constructing
new nuclear plants and the impacts of the devastating oil spill in the Gulf of Mexico. As a result, energy
policy is at a standstill, despite overwhelming public support for accelerating the move to clean,
affordable energy sources and tapping fast-growing clean energy industries to create jobs and wealth in
the United States.

Today, few issues in American political life are as polarized as energy policy, with both left and right
entrenched in old worldviews that no longer make sense. For the better part of two decades, much of the
right has speculated darkly about global warming as a United Nations-inspired conspiracy to destroy
American sovereignty, all while passing off chants of “drill, baby, drill” as real energy policy. During the
same period much of the left has oscillated incoherently between exhortations that avoiding the end of
the world demands shared sacrifice, and contradictory assertions that today's renewable energy and
efficiency technologies can eliminate fossil fuels at no significant cost. All the while, America's
dependence on fossil fuels continues unabated and political gridlock deepens, preventing real progress

towards a safer, cleaner, more secure energy system.

The extremes have so dominated mainstream thinking on energy that it is easy to forget how much
reasonable liberals and conservatives can actually agree on. Fossil fuels have undeniably been critical to
American prosperity and development, but we can gradually move toward cleaner, healthier, and safer
energy sources. Indeed, throughout history, as we have become a more prosperous nation, we have
steadily moved to cleaner energy sources, from wood and dung to coal to oil to natural gas, hydropower,
and nuclear energy! Our goal today should be to make new clean energy sources much cheaper so they
can steadily displace fossil fuels, continuing this ongoing process. If we structure this transition correctly,

new energy industries could be an important driver of long-term economic growth.

Arriving at a new post-partisan consensus will require liberals and conservatives, alike, to take a renewed

look at key facts, which challenge some long-standing assumptions about energy.

For liberals this means acknowledging that today's renewable energy technologies are, by and large, too
expensive and difficult to scale to meet the energy needs of the nation, much less a rapidly growing global
population.? New mandates, carbon pricing systems such as cap and trade, and today's mess of subsidies
are not going to deliver the kind of clean energy innovation required.? And nuclear power, long reviled by
many on the left, is far cleaner and safer than most liberals imagine, and holds enormous potential to

displace low-cost but high-polluting coal power#

)
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For conservatives this means acknowledging that fossil fuels have serious health® safety® and security
consequences’ aside from any risks global warming might pose. The biggest obstacle facing nuclear
power is not environmental policy but rather public opposition, high construction costs, and associated
financial risks.2 And while many faults can be found with ethanol and synfuels investments, the bulk of
historic federal investments in energy technology — from hydro and nuclear to solar, wind, and electric

vehicles — have been an overwhelming success.?

This white paper is the product of a more than yearlong dialogue between scholars from three diverse
think tanks. Drawing on America's bipartisan history of successful federal investment to catalyze
technology innovation by the U.S. military, universities, private corporations, and entrepreneurs, the
heart of this proposal is a $25 billion per year investment channeled through a reformed energy

innovation system.

This new system is built on a four-part energy framework:
1. Invest in Energy Science and Education
2. Overhaul the Energy Innovation System

3. Reform Energy Subsidies and Use Military Procurement and Competitive
Deployment to Drive Innovation and Price Declines

4. Internalize the Cost of Energy Modernization and Ensure Investments Do Not Add
to the National Debt

To accelerate energy innovation and modernization, we propose a role for government that is both
limited and direct. It is limited because it is focused, not on reorganizing our entire highly complex
energy economy, but rather on specific strategies to drive down the real cost of clean energy
technologies. Instead of subsidizing existing technologies hoping that as they scale up, costs will decline,
or providing tax credits to indirectly incentivize research at private firms, this framework is direct because
the federal government would directly drive innovation and adoption through basic research,
development, and procurement in the same way it did with computers, pharmaceutical drugs, radios,

microchips, and many other technologies.

Time and again, when confronted with compelling national innovation priorities, the United States has
summoned the resources necessary to secure American technological leadership by investing in
breakthrough science and world-class education. The United States responded vigorously to the Soviet
launch of Sputnik by investing the resources necessary to ensure American innovators, entrepreneurs, and
firms would lead the world in aerospace, IT, and computing technologies, igniting prosperous new
industries in the process. Today, we invest $30 billion annually in pursuit of new cures to deadly diseases
and new biomedical innovations that can extend the lives and welfare of Americans. We similarly devote

more than $80 billion annually to military innovations that can help secure our borders.1® We propose a

similar national commitment to energy sciences and education, which have languished without the
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funding deserving of a national innovation priority!* At the same, this proposal is based on what we

know about successful public-private partnerships to build and strengthen regional hubs of innovation,
such as the one that evolved into Silicon Valley. Therefore, we propose investment in a national network

of regional clusters of universities, entrepreneurs, private investors, and technology companies 12

While the left wants to cut fossil fuel and nuclear subsidies and the right wants to cut renewable energy
subsidies, we propose across-the-board energy subsidy reform, disciplining all incentives for technology
deployment and adoption to a new framework that rewards innovation — as measured through real
declines in the cost of generating energy — not simply producing more of the same. Today's federal
investments — whether for solar and wind or ethanol and nuclear — are structured around scale and
quantity, not innovation. The innovation system we propose builds on the successes of military
procurement to purchase and prove advanced energy systems while providing competitive markets for
emerging energy technologies, which can facilitate mass manufacture, demand progressive innovation,

and bring down the real, unsubsidized cost of clean and secure energy alternatives.

These productive investments have the potential to raise America's economic growth over the long term
and thus help reduce the budget deficit. America’s $1.3 trillion budget deficit is largely a consequence of
low growth and the increasing cost of structural entitlement programs, but it can be overcome by a
combination of higher growth, responsible entitlement reform, and targeted spending cuts. Achieving
higher growth will require continued federal investments in productive enterprises, including health,
information technology, and energy. Furthermore, fear of technology failure should not paralyze strategic
investments in innovation, since some amount of failure is inevitable and essential to such a disruptive and

non-linear process.

To ensure that these limited, targeted new investments do not add to the federal deficit, we propose a
suite of options that Congress and the President can use to finance energy innovation. These include
cutting existing energy subsidies, charging new royalties for oil drilling, small surcharges on oil imports or
electricity sales, and a very low carbon price. While each of these mechanisms may bother some on both
the left and right, all should agree that exacerbating the national debt is unwise. Revenues must be found

in order to make these productive investments, which have long-term potential to revitalize the economy.

Increasing investment in energy technology and innovation, as we advocate, remains exceedingly popular
with Americans of all political stripes. Of all energy policy proposals, from carbon pricing and cap and
trade to new oil and gas drilling, expanding production and lowering the price of clean, innovative energy
technologies is the most popular approach, regularly receiving support from 65 to 90 percent of
Americans in independent news polls, Gallup surveys, and other opinion researchX® This public support is
consistent over time, and reflects the historical willingness of publics to pay slightly more for cleaner and

safer energy sources*

In the pages that follow, we aim to present a practical and bipartisan approach to American energy policy.
The time has come for a fresh start that can bring our nation into the future through a pragmatic drive to

make clean energy cheap and abundant.
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—> SUMMARY OF RECOMMENDATIONS <«

1
Invest in Energy Science and Education

- Secure funding necessary to complete the doubling of Department of Energy (DOE) Office of
Science budgets. Direct a significant portion of new funds to programs related to energy sciences,
including roughly $300 million in annual funding to scale up the Energy Frontier Research Centers

(EFRC) program over the coming years.

= Invest roughly $500 million annually to support K-12 curriculum and teacher training, energy
education scholarships, post-doctoral fellowships, and graduate research grants. Just as the United
States rose to the Cold War challenge by enacting the National Defense Education Act and leveling
critical investments in science, technology, engineering, and mathematics education, a new national
commitment is needed today to train, educate, and inspire a generation of energy innovators,

engineers, and entrepreneurs.

2
Overhaul the Energy Innovation System

= Help reform the U.S. energy innovation system by investing up to $5 billion annually to establish a
robust national network of regional energy innovation institutes bringing together private sector,
university, and government researchers alongside investors and private sector customers. Funded at
$50-300 million annually, each institute will foster competitive centers of clean energy innovation and

entrepreneurship while accelerating the translation of research insights into commercial products.

- Bring the Advanced Research Projects Agency for Energy (ARPA-E) to scale by providing $1.5 billion
annually, while dedicating a significant portion of new funding to dual-use energy technology
innovations with the potential to enhance energy security and strengthen the U.S. military. The
Department of Defense (DOD) should work actively with ARPA-E to determine and select dual-use
breakthrough energy innovations for funding through the ARPA-E program and potential adoption
and procurement by the DOD.

8
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3
Reform Energy Subsidies and Use Military Procurement and Competitive
Deployment Incentives to Drive Price Declines

- Reform the nation's morass of energy subsidies. Instead of open-ended subsidies that reward firms for
producing more of the same product, employ a new strategy of competitive deployment incentives,
disciplined by cost reductions and optimized to drive steady improvements in the price and
performance of a suite of emerging energy technologies. Create incentives for various classes of
energy technologies to ensure that each has a chance to mature. Decrease incentive levels until
emerging technologies become competitive with mature, entrenched competitors to avoid creating

permanently subsidized industries or picking winners and losers, a priori.

-  Expand DOD efforts to procure, demonstrate, test, validate, and improve a suite of cutting-edge
energy technologies. New, innovative energy alternatives are necessary to secure the national defense,
enhance energy security, and improve the operational capabilities of the U.S. military. Provide up to
$5 billion annually in new appropriations to ensure the Pentagon has the resources to pursue this

critical effort without infringing on funds required for current military operations.

- Recognize the potential for nuclear power — particularly innovative, smaller reactor designs — to
enhance American energy security, reduce pollution, and supply affordable power. America cannot
afford to bank on one technology alone, however, and must pursue all paths to clean, affordable
energy, supporting all innovative, emerging clean energy sources, from advanced wind, geothermal,

and solar to electric vehicles and advanced batteries, allowing winners to emerge over time.

4
Internalize the Cost of Energy Modernization and
Ensure Investments Do Not Add to the Deficit

- Secure revenues to ensure these productive new investments do not exacerbate the national debt,
through one or a combination of the following means: phase out unproductive energy subsidies,
which have not sufficiently driven innovation; direct revenues from oil and gas leasing to energy
innovation; implement a small fee on imported oil to drive energy innovation and enhance American
energy security; establish a small surcharge on electricity sales to fund energy modernization, similar
to the Highway Trust Fund; and/or dedicate revenues from a very small carbon price to finance

necessary investments in clean energy technology:.

9

POST-PARTISAN POWER



OCTOBER 2010

—> THE BIPARTISAN HISTORY OF <«
AMERICAN PROSPERITY

Throughout American history, strategic government investments in areas like education, technology,
infrastructure, and energy catalyzed the entrepreneurship and innovation that has paved the way for so
many of the great American technological and economic successes of the 20th century?® In the words of
conservative New York Times columnist David Brooks, the American story is one of “limited but energetic

governments that used aggressive federal power to promote growth."1®

Federal investment led to the development of the railroads under Abraham Lincoln and the federal
highway system under Dwight D. Eisenhower. Technologies leading to the wide-scale use of nuclear
power were developed in government labs and initially deployed under the auspices of the U.S. Navy and
Atomic Energy Commission, after active support from Presidents Roosevelt, Truman, and Eisenhower.
Early, sustained investments in R&D), education, computer science, and infrastructure through programs
like the Gl Bill, National Defense Education Act, and Apollo space program laid the foundation for the
emergence of the aerospace, computing, and information technology industries. The United States
Department of Defense (DOD) has long acted as an initial funder and early adopter of key technologies
like radios, semiconductors, computers, software, and the Internet. And federal investments in health
research through the National Institutes of Health have enabled scientists to map the entire human

genome, making way for path-breaking advances in biotechnology.

In education and technology, federal investments have repaid themselves many times over in the form of

greater economic growth, increased tax revenues, and high-paying domestic jobs. Every dollar invested in

Republican President Under FDR, the United States

Abraham Lincoln invests $20 billion (in 2003

signs the Pacific dollars) in the Manhattan

Railway Act, financing Project. A decade later,

the expansion of a Republican Dwight D.

national rail network Eisenhower harnesses “Atoms
& that leads to the for Peace,” launching a public-

industrialization of private partnership to build the

— the West. first commercial nuclear reactor.
1862 1930s 1942-1945
> } } } r g
Under Democratic President Woodrow Begun under Republican President Herbert
Wilson, military procurement and Hoover and expanded under Democrat
cutting edge R&D performed by the Franklin Delano Roosevelt, America begins
National Advisory Committee for an era of large-scale investment in

Aeronautics builds the modern American  hydroelectric dams, providing clean, cheap
aviation industry and propels U.S. firms  electricity to power economic development
ahead of international competitors. in the Southeast and American West.
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education by the GI Bill following World War II returned just over $5 in greater economic growth and
$1.83 in greater tax revenues over the following 35 years, according to a Congressional report.1”
Likewise, federal investment in R&D is a key driver of productivity gains and economic growth, and
studies routinely conclude that there is a significant rate of return on such investments to the national

economy and the tax base 18

Economist Robert Solow received a Nobel Prize in economics in part for demonstrating that over 80
percent of economic growth in the first half of the 20th century was driven by advances in technology,
and later economists confirmed that technology innovation played a similarly outsized role in economic

progress in the later half of the century® Just as federal investment has driven innovation in countless

industries over the last century, so too will federal investment in energy technology be central to
catalyzing private sector innovation and entrepreneurship in the 21st century energy sector, creating new

industries and jobs.

In an era of fiscal constraint, it is important to distinguish between government spending, some of which
is clearly unproductive and wasteful, and dynamic public investments that yield long-term economic
returns. Fiscal deficits are an increasing concern, particularly as the federal bureaucracy has grown to
record levels in recent years. Certainly, at least some government expansions are unnecessary or
duplicative, and discontinuing ineffective and wasteful programs can help restore some fiscal balance. But
not all federal programs should be painted with a broad, deficit-cutting brush. Indeed, federal investments
in areas like science and technology have been a long-term driver of national prosperity under presidents

both Democrat and Republican.

Far from being an unnecessary strain on the federal budget, federal investments in energy technology
innovation are thus a critical component of an effective and responsible strategy to reduce the national

debt and generate a new era of sustained economic prosperity.

After the Soviet launch of Sputnik, Facing aggressive Japanese
President Eisenhower signs the competition, Republican
National Defense Education Act, President Ronald Reagan’s
committing $7.2 billion (in Defense Department
today’s dollars) over four years to finances the creation of
train a cadre of skilled scientists SEMATECH, a public-private
and engineers and secure partnership to restore U.S.
American leadership in leadership in the global
aerospace, IT, and computing. semiconductor industry.

) ) 1987 . 1995:2008 R
] ] ] ] Cdd
Democratic President John F. Kennedy Under both Democratic
commits America to the Space Race and President Bill Clinton and
begins the Minuteman missile program. Republican President George W.
L The Air Force and NASA buy virtually every Bush, the budget for the National
microchip that firms can produce, giving rise Institutes of Health (NIH) is
to the modern semiconductor industry and nearly tripled from $11.3 billion

catapulting the world into the Silicon Age. in 1995 to $29.4 billion in 2008.
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—> THE CHALLENGE <«

As we chart a clear path forward that breaks from the stagnation of the past, we begin with two premises.

First
America will make little sustained progress in transforming the U.S. energy
economy or fully capturing the economic opportunities in
new clean energy export markets until alternatives to conventional
fossil fuels become cheaper.

High cost continues to be the largest barrier to the scalability of emerging clean energy technologies.
Relative to fossil fuels, clean energy technologies are still too expensive and their performance too
unreliable to be widely adopted on either a national or global scale. Solar panels still suffer from low
conversions of sunlight to electricity and high installation costs. Both wind and solar thermal power
require enormous amounts of land to generate large amounts of electricity, often demand transmission
infrastructure to send power across vast distances, and incur additional storage costs if they are to reliably
provide power for more than a few hours today. Next generation biofuels, still in the demonstration
phase, are roughly twice as expensive as gasoline. Nuclear power is energy dense and can generate power
continuously throughout the day, but remains unpopular and very capital intensive, making the cost of

new plant construction high and new construction ventures risky to investors20

For more than two decades, most governments have advocated a policy response — substantially raising
the price of fossil fuels either through a high carbon tax or cap and trade regime — that has failed
repeatedly. Sanctioned by neoclassical economic theory, such a strategy seems reasonable on its surface
but in reality leaves much to be desired. In practice, governments face stiff political resistance to raising
energy prices, which has ensured that any price on carbon has been too low to quickly increase the supply

of new clean energy technologies? In fact, many developed economies that have put a price on carbon
are still building new coal-fired power plant$?—all while continuing to depend on large subsidies to drive

clean energy technology adoption 2

Conventional energy and climate policies thus lead us to a dead end: Policymakers are unwilling to raise
the price of carbon to politically unsustainable levels, and ongoing subsidies for clean energy will become

prohibitively expensive as clean energy technologies make up a greater share of the overall energy mix.

Likewise, in the developing world — where the large majority of energy demand will originate over the

next 50 years — economic development priorities supersede decisions to pay a premium for higher-cost,
low-carbon energy. Indeed, even ‘cheap’ fossil fuels are still too expensive for roughly 2.4 billion people

around the world who still rely on wood, dung, and other primitive 'biomass’ as their primary

energy source 2
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The only true solution to replacing fossil fuels on a meaningful scale is to make clean energy cheap in real,
unsubsidized terms. Accomplishing this task will not only reduce our fossil fuel reliance but will also allow
U.S. companies to tap the multi-trillion dollar export opportunity inherent in meeting the rapidly

growing demand for energy in the developing world.

Second
The only path to accomplishing this key objective — making clean energy cheap -
is vastly expanded research, development, and early stage commercialization
and deployment of clean energy technology.

Making clean energy cheap and reliable enough to be widely scaled around the world will require both
revolutionary and incremental advances in clean energy technologies that are only possible through
innovation. Secretary of Energy Steven Chu has noted that “Nobel-level breakthroughs” are required in
areas like solar energy, advanced batteries, biofuels, and energy storage 2 Accelerating innovation in these
and other clean energy technologies will require major investments in research to create the next
generation of advanced technologies, materials, and practices, as well as ways to quickly demonstrate new

technologies, scale them up to commercial scale, and bring them down in price2¢

Despite this clear innovation imperative, neither the private nor the public sector currently invests the

resources required to accelerate clean energy innovation and drive down the cost of clean energy.

Multiple barriers prevent private firms from adequately investing in the development of new, high-risk
energy technologies. These include: the higher price of clean energy technologies; knowledge spillover

risks from private investment in research; inherent

Figure 1 technology and policy risks in energy markets; the
Industry R&D Spending as a scale and long time-horizon of many clean energy
Percent of Domestic Sales? projects; and a lack of wide-spread enabling clean

energy infrastructure ?” As a result of these and other

Communications ko barriers, U.S. energy firms reinvest well below one
percent of their revenues in R&D, with much of that
Semiconductors amount chiefly spent on improving current
technologies instead of developing new ones. This
Software stands in stark contrast to the 10 to 20 percent or
. more of revenues that innovation-intensive
Pharmacueticals
industries such as information technology,
Computers semiconductors, and pharmaceuticals routinely
reinvest in research and new product development
All industries (see Figure 1),
0
Energy | 0.3% This private sector investment gap is due in part to
0% 10% 20% 30% an analogous one in the public sector. Federal

energy R&D spending, which rose modestly under
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stimulus investments in 2009 and 2010, will drop to less than $5 billion in 2011. By contrast, we invest

$30 billion each year into research through the National Institutes of Health, even as private sector firms

invest nearly $60 billion of their own funds in health and biomedical R&D 2

Meanwhile, we invest little in energy science and engineering scholarships and fellowships, thus failing to
recruit or train the best and the brightest minds to solve specific energy innovation challenges. The large
majority of ULS. universities lack degree programs focused on energy. According to the Department of
Energy (DOE), “at all levels, from elementary to post-doctorate programs ... students and educators do
not have the resources to develop curricula, educational programs, and research opportunities to meet this

need.”? This presents major problems for the future of the U.S. energy sector, as the energy industry

expects up to half of its current employees to retire over the next five to ten years3!

Figure 2
U.S. Federal R&D Expenditures,
1980-2009 (million nominal dollars)32

90,000
3 Defense

$60,000
Health
$30,000 / / ealt
e Energy

$0
1980 1984 1988 1992 1996 2000 2004 2008

Despite the importance of science and education, energy innovation is not the sole domain of the
laboratory or university. The demonstration of high-risk, high-payoff, “first of its kind" technologies is an
equally critical phase of the innovation process. Demonstration is necessary to test the viability of new
energy technologies at commercial scale, accelerate learning, and bridge the infamous “technology valley
of death” between R&D and commercial production. Yet private firms, especially in the energy sector, are

reluctant to commit funding to these capital-intensive projects on their own.

The public sector, therefore, has a critical role to play in accelerating the demonstration of promising new
clean energy technologies.3®> Throughout America’s history, the federal government, particularly the

DOD, has played a pivotal role in demonstrating high-risk technologies through direct procurement. In

14

POST-PARTISAN POWER



OCTOBER 2010

1954, for example, the federal government created the modern nuclear power industry when the Atomic
Energy Commission announced the Power Demonstration Reactor Program to demonstrate a first-

generation commercial nuclear reactor in Pennsylvania3* Similar models must be employed today.

More must also be done to accelerate the early commercialization of promising energy technologies with
high potential to reduce American dependence on oil, lower carbon emissions, and strengthen America'’s
economic competitiveness. As new technologies are deployed at scale, they routinely come down in price
as they gain economies of scale, supply chain efficiencies, and market experience that further inform
ongoing technology research efforts. Here, federal and military procurement efforts can also play a key
role, as they have throughout the nation’s history. The DOD and NASA were central to the birth of the
modern semiconductor industry, acting as an early demanding customer for microchips. Throughout the
early 1960s, the federal government bought virtually every microchip that firms could produce. The price
of a chip fell from $1,000 per unit to between $20 and $30 in a matter of years, spurring the birth of

Silicon Valley and laying the foundation for the Information Technology Revolution decades later3®

Unfortunately, today's hodgepodge of energy subsidies and deployment policies remain disconnected
from research activities and provide weak incentives for innovation. Current federal tax incentives for
wind and solar power, for example, are primarily focused on supporting the deployment of existing energy
technologies at current prices, rather than on driving technology improvements to reduce their
unsubsidized cost. Renewable portfolio standards, which require utilities to purchase a certain percentage
of electricity generation from renewable sources, encourage deployment of the lowest-cost renewable
energy technology available — generally wind power — while doing little to drive down the price of
other, higher-cost clean energy technologies, such as solar panels, that may have the potential to become

much cheaper in the long-term.

New federal efforts to commercialize innovative clean energy technologies should not take the form of
open-ended subsidies. In contrast to current clean energy deployment policies, new “competitive
deployment” efforts should be disciplined around a clear goal of reducing the costs and improving the
performance of advanced energy technologies. In this way, this effort should be considered part of the
technology innovation process with explicit technology improvement objectives, and it should be

distinguished from the morass of existing energy subsidies.

Lastly, the federal government must help facilitate the transfer of new technologies from the laboratory to
the marketplace, as well as strengthen linkages between government and the private sector in order to
accelerate technology commercialization. Too often, it is assumed that basic research is effortlessly
translated into commercial products. Unfortunately, commercialization does not happen so easily and the
process is plagued by multiple barriers, including information breakdowns, institutional inertia, and
coordination problems3® The government can help remove these barriers by more closely integrating
research efforts and military procurement needs, and facilitating the development of clean energy

clusters—dense networks of firms, suppliers, universities, and local government officials that enhance
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collaboration in clean energy R&D and production activities and increase the commercialization of

new technologies3”

With pervasive policy deficiencies and substantive technological barriers to widespread clean energy
adoption, there is little wonder that the United States remains dependent on the same fossil energy

sources that have powered our nation since the 19th century.
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= THE OPPORTUNITY <«

A POST-PARTISAN PATH TO SAFE, CLEAN,
AND SECURE AMERICAN ENERGY

We propose a pragmatic, bipartisan strategy that can put the United States on a path to transforming and
modernizing the energy system for the 21st century. It is our objective to break free from the current
energy stalemate besetting the nation, overcome the substantial deficiencies in current U.S. energy policy,

and seize the opportunity to build a cleaner, safer, and more secure American energy system.

1
Invest in Energy Science and Education

Frontier Energy Science

The first step in this new post-partisan energy framework is an overdue increase in energy science and
research funding—something that liberals and conservatives have long agreed is necessary. Launched by
the Bush Administration in 2001, the DOE's Office of Basic Energy Science held a series of workshops
with the nation’s leading energy scientists that identified a set of key energy science and research
priorities for the 21st Century® In 2005, bipartisan requests from the House and Senate prompted the
National Academies to conduct a thorough study of the United States' position in the 21st century global
marketplace. The resulting report recommended a doubling of critical national investments in science and
technology innovation, including the budgets of the DOE's Office of Science® In 2007, with strong
bipartisan support, Congress passed and President Bush signed the America COMPETES Act, writing into
law many of the recommendations of the National Academies and the Bush Administration’s review of

energy science priorities.

The authorizations provided by the America COMPETES Act of 2007 are set to expire at the end of
2010, however, and a renewed national commitment to energy science and research funding is needed to
meet national energy imperatives. To ensure that America remains a leader in clean energy innovation,
Congress should provide new and sustained funding targeted to solve the well-known obstacles to energy
technology improvement. An expansion of 'use-inspired’ basic science at the frontiers of energy, materials,
supercomputing, and biotechnology is critical to generate potentially game-changing new options for
energy. Cutting-edge advances in materials sciences could result in future generations of far more efficient
solar panels, more powerful batteries, and a new generation of safe, efficient, and economical nuclear
power plants. Genetic engineering and advances in biology are required to manufacture clean-burning

biofuels more cheaply#
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The America COMPETES Act authorized a scale-up in funding for the DOE Office of Science that would
put it on track to double over ten years, an increase of roughly $3.6 billion. New, long-term authorization
and annual budget appropriations to keep the Office of Science on track to double its budget would be an
effective way to scale-up funding for basic and frontier energy research. While the Office of Science
funds a variety of basic research not directly related to energy, Congress should ensure that the large bulk
of new funds are dedicated to energy-related frontier science through the office of Basic Energy Science
and energy-related research at the programs for Biological and Environmental Research (which performs
cutting edge biosciences research related to biomass and synthetic hydrocarbons from biological
processes), Fusion Energy Sciences, and Advanced Scientific Computing Research (which supports
advanced modeling efforts to aid the exploration of nuclear fission and fusion designs, materials sciences,

and other key capabilities).

In particular, we recommend a doubling of funding levels for the Office of Basic Energy Science's Energy
Frontier Research Centers (EFRC) program over the next three to five years from current levels of about
$150 million in annual project support?! to at least $300 million per year; funding could increase further if
qualified research applications are being turned down?*? The EFRC program was created to address the
key frontier science research needs identified under the Bush Administration by funding small,
collaborative groups of researchers working to unlock breakthroughs that solve specific scientific
problems blocking clean energy development. Research performed at EFRC-supported centers may be
critical to unlocking new technology pathways to make clean energy more reliable and affordable. This
recommended funding would be sufficient to support an expansion of the EFRC network from 46 research

centers today to 60 to 150 ongoing EFRC projects at any given time *

Educating the Energy Generation

Today, the race for dominance in clean energy technology sectors pits the United States against the

greatest international competition for a key emerging technology field than in any era since the Cold War
race to lead in aerospace, computing, communications, and [T fields.#* China alone is reportedly poised to
invest roughly $750 billion (5 trillion yuan) over the next ten years to solidify the nation's growing lead in
new energy technologies*® Meanwhile, South Korea has committed one percent of the nation's GDP to a

national investment in clean and efficient energy technology sectors 26

The United States cannot hope to rise to this global challenge or confront pressing energy innovation
imperatives without a new national investment to train and inspire the next generation of intrepid

American scientists, engineers, and entrepreneurs. Today, the United States ranks just 29th out of 109
countries in the percentage of 24-year-olds with a math or science degree*” Only 15 percent of
undergraduate degrees in the United States are earned in science, technology, engineering, or

mathematics (STEM) fields compared with 64 percent in Japan and 52 percent in China.*® Even South
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Korea — a nation with a population one-sixth the size of the United States — graduates more

engineers annually#®

The situation is particularly dire in energy technology, with roughly half of the U.S. energy industry
workforce expected to retire over the next decade. Meanwhile, demand for workers in the renewable
electricity industry is expected to more than triple from 127,000 in 2006 to more than 400,000 in 201850
The anticipated, large-scale ramp-up of the U.S. nuclear power industry would similarly require the
industry to hire tens of thousands of new nuclear engineers and related positions annually. Yet today, from
elementary school through post-doctorate programs, students and educators lack the resources to develop
new curricula and educational programs, recieve key training, or expand research opportunities to meet

this national challenge >

The United States has overcome such challenges in the past. After the Soviet launch of Sputnik, the
United States swiftly enacted the National Defense Education Act of 1958, leveling national investments
totaling $7.2 billion over four years (in today's dollars), to support K-12 science, technology, engineering,
and mathematics education, establish university programs in computer science, aerospace, and other new
fields across the nation, and train the generation of innovators and entrepreneurs that led the

IT Revolution.

Today, we propose a comparatively modest, yet equally critical national commitment of roughly $500
million annually to support K-12 curriculum and teacher training, energy education scholarships, post-

doctoral fellowships, and graduate research grants, including:

= $30 million in support for K-12 teacher training and curriculum development related to energy

literacy, science, technology, engineering, and mathematics.

= $40 million for the development of interdisciplinary clean energy innovation programs at
undergraduate and graduate institutions across the country5? Funding would also help establish and
support new professional masters degree programs in interdisciplinary “Energy Studies” and

“Professional Energy Sciences,” or similar programs>?

- $200 million to provide competitive financial aid, including scholarships, federally subsidized loans,
or loan forgiveness, sufficient to support at least 10,000 undergraduate students per year entering
energy-related fields>* Students receiving these awards could apply for competitive summer
internship placements with universities, companies, and DOE offices and National Laboratories

focused on clean energy science, technology, and policy>®

- $180 million to provide competitive, portable three-year graduate fellowships for at least 3,000
graduates annually in energy engineering, science, and related research fields. The National Science
Foundation and DOE's Offices of Science, Energy Efficiency and Renewable Energy, and Nuclear

Energy could jointly administer these fellowship programs.5
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= $50 million to provide post-doctorate research awards to support at least 330 early-career

researchers in cutting-edge, clean energy-related science and innovation fields each year>”

Ramping up over a five-year period, a national energy education investment of this scale would total
roughly $1.5 billion and would have a significant impact on the availability of a trained and highly skilled
energy workforce?® This national energy education investment program will be critical to accelerating
energy innovation and securing America’s clean energy competitiveness while supplying a steady stream

of new, talented researchers and engineers to support the other energy initiatives below.

2
Overhaul the Energy Innovation System

Second, we need to transform the way that energy innovation is executed to more effectively leverage
federal resources, catalyze entrepreneurship, and accelerate the commercialization and adoption of new
energy innovations. Currently, most energy research is pursued in settings and through programs divorced
from the demands and dynamics of the private sector and from the growing procurement needs of the
ULS. military. Universities and national laboratories need to work more closely with private firms,
entrepreneurs, and investors, and research programs need to be aligned with the procurement needs of the

DOD. New approaches in Washington are necessary to make that happen.

Energy Innovation Institutes

The need to transform America's energy innovation system has been broadly recognized in a slew of
recent reports5® While Energy Secretary Steven Chu has done much to make the DOE a more effective

funder of breakthrough research, the DOE is not particularly well set up to translate new scientific
insights into commercializable innovations or stay closely attuned to the needs of the private sector firms

that ultimately take new technologies to commercial scale.

In important ways, the DOE remains shackled by its historic legacy as a collection of nuclear weapons-
related programs. The DOE was first cobbled together from the Manhattan Project research labs and the
Atomic Energy Commission. To this day, the majority of the Department’s funding and attention remains
focused on managing — and cleaning up after — the nation's sprawling nuclear weapons arsenal, rather
than on the kind of commercially focused energy innovation the nation needs today. The bulk of DOE-
led energy research is centered at the national laboratories, which remain primarily focused on
fundamental scientific research such as particle physics. Meanwhile the DOE offices managing
technology research more centrally aimed at commercial applications, such as the Office of Energy
Efficiency and Renewable Energy, are overly stove-piped, centralized in Washington DC, and lack a

clear mission.®?
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Regardless of what we may call them — Energy Discovery-Innovation Institutes ® the National Institutes
of Energy®? or something else — the recipe for reform is clear: to reduce ineffective, even wasteful energy

research spending and more effectively utilize federal resources, America needs to create a national
network of decentralized energy innovation institutes that can bring private sector, university, and
government researchers together alongside investors (e.g. venture capitalists) and private sector customers
to tackle big energy challenges, translate basic science insights into commercial innovation, and

strengthen diverse regional clean tech clusters.

Modeled after sustained federal investments made in the 1940's, 50's, and 60's that led to the rise of Silicon
Valley, this critical effort would require investments scaling up over several years time to roughly

$5 billion per year. Each energy innovation institute would be similar in size to both existing national
laboratories and National Institutes of Health-funded research institutes, with regional consortia of
universities, government and private research centers, and technology firms competitively awarded federal
grants on the order of $50-300 million annually. Over time, this program would establish a robust
network of roughly two dozen energy innovation clusters of varying sizes that would leverage federal
funding by securing significant additional state government, university, and private sector investment.
These institutes would anchor the emergence of dozens of high-powered regional energy innovation
industry clusters—crucial private sector concentrations of productivity. Such clusters will help foster the
fluid flow of ideas, personnel, and financing between universities, private labs, spin-off and start-up
companies, and major private firms that characterize the most successful and competitive regional centers
of U.S. innovation and entrepreneurship, including Silicon Valley, the Research Triangle, the Boston area,

and many others %

The DARPA Model for Energy Innovation

In addition to fostering stronger linkages between government-funded research centers and private sector
investors, entrepreneurs, and customers, the DOD can work to more closely connect research efforts and

the growing energy innovation needs of the U.S. military.

This close relationship between research efforts and DOD procurement and technology needs was central
to the successful history of the Defense Advanced Research Projects Agency (DARPA), famous for
inventing the Internet, GPS, and countless other technologies that have both improved the fighting
capabilities of the U.S. military and launched many spin-off technologies American consumers and
businesses now take for granted. DARPA program managers had a keen awareness of the technologies and
innovations that could improve military capabilities and funded breakthrough innovations aligned with
those needs. Once innovations matured into potentially useful technologies, the DOD was there as an
early customer for these products, allowing entrepreneurial firms to secure market demand, scale-up

production, and continue to improve their products.

Congress made the right move in creating and funding an Advanced Research Projects Agency for Energy

(ARPA-E) program modeled after the historic success of DARPA. ARPA-E resides within the DOE,
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however, which is not set up to be a major user of energy technologies. By contrast, DOD has both the
opportunity and the urgent need to use many of these technologies.®* The DOD can and should play a
greater role in administering ARPA-E and making sure that breakthrough energy discoveries become real-
world technologies that can strengthen American energy security, enhance the capabilities of the U.S.

military, and spin off to broader commercial use.

Fiscal year 2011 funding requests for the ARPA-E program are currently a modest $300 million, just one-
tenth the annual budget for DARPA research ®® Truly bringing the DARPA model to the energy sector
would imply scaling ARPA-E up to match DARPA. Given the multi-trillion dollar scale of the energy
industry, only funding levels on this order of magnitude will have a significant impact on the pace of

energy innovation and entrepreneurship.

We recommend scaling up funding for ARPA-E over the next five years to $1.5 billion annually, with a
significant portion of this funding dedicated to dual-use energy technology innovations with the potential
to enhance energy security and strengthen the U.S. military. DOD and DOE should extend and expand
their current Memorandum of Understanding, established in July 2010,% and launch an active partnership
between ARPA-E and DOD to determine and select nascent dual-use breakthrough energy innovations for

funding through the ARPA-E program and potential adoption and procurement by the DOD.

3
Reform Energy Subsidies and Use Military Procurement
and Competitive Deployment
Incentives to Drive Price Declines

The government has a long history of successfully driving innovation and price declines in emerging
technologies by acting directly as a demanding customer to spur the early commercialization and large-
scale deployment of cutting-edge technologies. From radios and microchips to lasers and camera lenses,

the federal government, in particular the DOD, has helped catalyze the improvement of countless

innovative technologies and supported the emergence of vibrant American industries in the process.®”

Yet today's mess of open-ended energy subsidies reward production of more of the same product, not
innovation. The federal government showers subsidies across many energy options, from oil and coal to
ethanol and wind power. None of these efforts, however, are designed or optimized to drive and reward
innovation and ensure the prices of these technologies fall over time, making the subsidies effectively

permanent. This must change.

Competitive Deployment Incentives

The current energy subsidy and deployment framework should be turned on its head. Government

investments succeed not when they are blanket subsidies but rather when they are narrowly targeted to
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specific outcomes, such as developing computers to allow for rocket systems, building a communications
network to survive a nuclear attack, or creating increasingly efficient and powerful jet engines. These
public investments paid off handsomely in personal computers, the Internet, and gas turbines used in both

commercial air travel as well as modern natural gas power plants.®8

In an era of expanding federal debt, across-the-board energy subsidy reform should be pursued. Incentives
for energy technology deployment should be targeted and disciplined. Technologies should receive
competitive deployment incentives only to the extent that they are becoming cheaper in unsubsidized

terms over time.

The strategy that we propose would be aimed at low-carbon technologies that, at a minimum, satisfy the

following criteria:
- The technology has been demonstrated and has proven technical feasibility at commercial scale;

= Is currently priced above normal market rates and is locked out of markets by more mature,

entrenched technology competitors;

- Has potential for significant and sustained cost and performance improvements during deployment

and scale-up;

- Has strong prospects for significant market penetration once the technology reaches competitive

prices.

Targeted and competitive deployment incentives could be created for various classes of energy
technologies to ensure that each has a chance to mature. Incentive levels should fall at regular intervals,
terminating if the technology class either fails to improve in price or reaches cost parity in the absence of

any further incentives.

Structured in this manner, reformed national energy deployment incentives will not select winners and
losers, nor will it create permanently subsidized industries. These public investments will instead provide
opportunity for all emerging low-carbon energy technologies to demonstrate progress toward competitive
costs while increasing the rate at which early-stage clean and affordable energy technologies

are commercialized.

Military Procurement

In addition to reforming energy deployment subsidies and launching a new competitive deployment
strategy, the nation should once again leverage the power of federal procurement to establish demanding
requirements to drive innovation and improvement in new energy technologies. The DOD has a long
track record of using the power of procurement to successfully drive the commercialization and

improvement of new technologies, many of which later spun off into broader commercial adoption.
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In contrast, the DOE has no way to either procure or use energy technologies at commercial scale. The
DOD should help fill this void, once again using procurement to advance a range of potential dual-use

energy innovations.

The Pentagon’s 2010 “Quadrennial Defense Review" prioritizes expanded DOD involvement in energy
innovation—and with good reason.®® The U.S. military today uses more oil than Sweden and more
electricity than Denmark. Every $10 increase in the price of oil costs the DOD more than $1 billion
dollars, sapping money that should be used to equip our troops for critical missions at home and abroad.”

With fuel convoys costing both lives and money every day in Iraq and Afghanistan, questions of energy
are understandably high on the list of Pentagon priorities, and a growing community of national security
experts, including both active and retired generals and flag officers, has identified the development of new
energy alternatives that can both reduce America’s exposure to volatile oil markets and enhance military

operational capabilities as key to securing the nation’s defense.”!

Congress should provide new funds necessary to secure America's energy future and national defense,
providing up to $5 billion annually (as needed) to support DOD efforts to procure, demonstrate, test,
validate, and improve a suite of cutting-edge energy technologies with potential to enhance American
energy security or improve the strategic and tactical capabilities of the American armed forces. Energy
technologies with clear dual-use commercial and military potential well suited to DOD procurement
could include: advanced biofuels, including aviation fuels; advanced solar thermal and photovoltaic power
technologies; improved batteries; electric vehicles; and new, modular nuclear reactors (discussed in greater
detail below).

As discussed above, DOD should work closely with ARPA-E and other research initiatives in both DOD
and DOE to ensure a steady flow of energy innovation geared towards military needs. Procurement
contracts should require continued innovation and cost improvements from supplying firms and should be
competitively awarded. New efforts should be pursued to ensure that innovative firms both large and
small can participate in procurement contracts and the military can benefit from the best American

innovations, no matter where they arise 72

Embrace the Potential of Nuclear — But Pursue a Portfolio

A new generation of smaller, innovative nuclear reactors holds great promise in providing affordable,
reliable, zero-carbon power and heat to utilities of all sizes, industrial facilities, and military bases. For
decades, small reactors between one-tenth to one-twentieth the size of existing commercial nuclear plants
have powered U.S. aircraft carriers and submarine fleets. New modular commercial reactor designs based
on the same reliable technology are smaller, safer, and less expensive than older designs and have the
potential to be affordably mass-manufactured. Such technologies also offer the possibility of greater
applicability globally and could potentially represent a new high-value, export-oriented manufacturing

industry for the U.S. economy. A new generation of more advanced designs may hold even greater
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promise for the future” Modular reactor designs should receive priority attention from the Departments
of Energy and Defense, who can each work to research advanced reactor technologies, license and

approve new commercial modular reactor designs, and procure and demonstrate small modular reactors at
DOE nuclear facilities and DOD military bases.

Long-time opponents of nuclear power must rethink their opposition given the potential for new nuclear
plants to help solve several energy challenges — economic, environmental, health, and safety — at once.
However, nuclear proponents must also recognize that America cannot bank everything on a single
technology or design. A full portfolio of clean, affordable, and reliable energy technologies will be
necessary to fully confront the nation’s energy challenges. The DOE and DOD should therefore have the
budget to develop and procure all promising energy technologies, from advanced solar and geothermal to

biofuels and batteries.

4
Internalize the Cost of Energy Modernization and Ensure
Investments are Deficit Neutral
This new post-partisan framework to make clean energy cheap and abundant and secure America’s energy

future would require investments totaling between $15 and $25 billion per year—a relatively modest sum

that amounts to less than one-third of what we spend on defense-related research alone (see Figure 3).

While defense and health research are paid for -
Figure 3

Proposed and Actual U.S. Federal
Innovation Investments (billion dollars)™

through general revenues, this new initiative should
not add to the federal debt. The cost of a major

national commitment to energy innovation could be

internalized within America's energy economy in any

$100

number of ways, including:

- Phasing out current subsidies for wind, solar,

$75

ethanol, and fossil fuels alike, which have not

created sufficiently strong incentives for

innovation and price declines. Billions of dollars $50

in annual revenues can be freed up for productive

re-investment in clean energy innovation.”

$25

-  Modestly increase the royalties charged to oil and

gas companies and direct revenues to new energy $0

technology. This could include revenues from any

expansion of oil and gas production and could Proposed FY 2009 FY 2009
Energy Health Defense
build on prior Republican proposals® Framework R&D R&D
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- Implement a small fee on imported oil to pay for efforts to drive energy innovation and enhance

American energy security?”

- Establish a small surcharge on electricity sales, known as a wires fee. Implemented in this manner, this
energy modernization fee could serve a similar function as the Highway Trust Fund, providing critical
revenues to modernize the U.S. energy system and drive the invention and commercialization of new

clean energy alternatives.

- Dedicate revenues from a very small carbon price to finance the necessary investments in clean
energy technology. A roughly $4-5 fee per ton of CO2 — the equivalent of less than a nickel per
gallon increase in gasoline prices and just a third of what recent proposed cap and trade legislation

would have cost consumers and businesses’”® — would be sufficient to pay for an ambitious federal

clean energy research, development, and procurement program.

Any one of these funding sources could raise sufficient funds from within the energy sector itself without
appreciably increasing energy prices or impacting American firms or consumers. Different approaches
may be combined and tailored to different energy sectors, piece-by-piece, rather than seeking a one-size-

fits-all approach.
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> GONCLUSION <«

America is once again at an energy crossroads, but the choices it faces are not those that many aligned
with either the right or the left have imagined. The choice is not, as liberals often maintain, between
global warming apocalypse or mandating the widespread adoption of today's solar, wind, and electric car
technologies. Nor is the choice, as conservatives have argued, between an economy wrecked by liberal
global warming policies or expanding oil drilling and nuclear power. The choice is whether America will
focus on what really matters when it comes to energy technology and on what the vast majority of

Americans want: innovation.

Though Washington and policy elites were polarized by the ‘climate wars' of the last decade, Americans
as a whole remain largely united in their attitudes toward energy policy. They are grateful for cheap fossil
energy and are willing to pay modestly more for affordable, cleaner energy sources. The most popular and
effective energy policy is technology innovation aimed at making clean energy sources better and
cheaper. This white paper is our contribution to advancing a new public policy consensus that starts from

this place of post-partisan agreement.
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premature deaths, 38,200 non-fatal heart attacks, and tens of thousands of hospital visits and asthma attacks each year. Meanwhile,
coal combustion at power plants and industrial facilities is the leading source of mercury pollution, contributing to an estimated
300,000 to 630,000 American children born each year with blood mercury levels high enough to impair mental performance cause
lifelong loss of intelligence. All told, the economic damage wrought by air pollution may cost the U.S. economy on the order of
$340 billion annually, or more than 2% of total U.S. Gross Domestic Product.
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in fuel transport has been killed, according to one Army study. Reducing the U.S. military’s reliance on fossil fuels to power combat
operations “increases the range and endurance of forces in the field and can reduce the number of combat forces diverted to protect
energy supply lines, which are vulnerable to both asymmetric and conventional attacks and disruptions,” according to the 2010
Pentagon Quadrennial Defense Review. The U.S. armed forces spent roughly $20 billion on energy in 2008 and every $10 increase
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