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The Committee met, pursuant to call, at 10:00 a.m., in Room
2318 of the Rayburn House Office Building, Hon. Sherwood L.
Boehlert [Chairman of the Committee] presiding.
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HEARING CHARTER

COMMITTEE ON SCIENCE
U.S. HOUSE OF REPRESENTATIVES

Should Congress Establish
“ARPA-E,” the Advanced Research
Projects Agency-Energy?

THURSDAY, MARCH 9, 2006
10:00 A.M.—12:00 P.M.
2318 RAYBURN HOUSE OFFICE BUILDING

1. Purpose

On Thursday, March 9, 2006, the House Committee on Science will hold a hearing
on whether Congress should establish an Advanced Research Projects Agency in the
Department of Energy, or an ARPA-E.

The National Academy of Sciences, in its report last fall on enhancing American
competitiveness, Rising Above the Gathering Storm, recommended the creation of an
ARPA-E to fund “transformational research that could lead to new ways of fueling
the Nation and its economy,” and different bills have been introduced in the House
and Senate to implement the recommendation.

Critics of the proposal have raised a variety of issues, including that an ARPA-
E may not address the actual barriers to new energy technology; that it is based
on a research agency model that does not apply well to energy; that different pro-
ponents of ARPA-E describe different missions for it; that it would compete with,
or get swallowed up by existing energy research programs; and that it is unclear
how it would be distinct from other energy research programs.

The hearing is intended to help Congress analyze the arguments for and against
an ARPA-E, to consider alternative approaches, and to determine how to structure
an ARPA-E if it were created.

2. Witnesses

Dr. Steven Chu is Director of Lawrence Berkeley National Laboratory. He served
on the NAS panel! that recommended establishing ARPA-E. He was a co-winner
of the 1997 Nobel Prize in Physics.

Dr. Catherine Cotell is Vice President for Strategy, University and Early Stage
Investment at In-Q-Tel. The Central Intelligence Agency established In-Q-Tel in
1999 to gain access to new technologies emerging from small startup companies.

Dr. Fernando L. Fernandez is President of F.L. Fernandez, Inc., a consulting
firm with clients in research and development. He served as Director of the Defense
Advanced Research Projects Agency (DARPA) from 1998 to 2001.

Ms. Melanie Kenderdine is Vice President, Washington Operations, for the Gas
Technology Institute. She served as Director of the Office of Policy in the Depart-
ment of Energy from 1999 to 2000.

Dr. David Mowery is the William A. & Betty H. Hasler Professor of New Enter-
prise Development at the Haas School of Business, University of California at
Berkeley. He is an expert in technological change, international trade, and U.S.
technology policy.

3. Overarching Questions

¢ What problems within the energy research enterprise is ARPA-E intended to
address? Is ARPA-E the best mechanism to address these problems? If not,
what alternatives might be more successful?

1Committee on Prospering in the Global Economy of the 21st Century: An Agenda for Amer-
ican Science and Technology which produced the October 2005 NAS report Rising Above the
Gathering Storm: Energizing and Employing America for a Brighter Economic Future, The Na-
tional Academies Press, Washington, DC (2005).
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¢ If Congress were to create an ARPA-E, how should the agency operate, where
in the Department of Energy (DOE) should it be located, and how should it
interact with existing aspects of DOE, including the National Laboratories?

4. Brief Overview

The October 2005 NAS report, Rising Above the Gathering Storm: Energizing and
Employing America for a Brighter Economic Future (also known as the Augustine
Report for its chair, retired Lockheed Martin CEO Norman Augustine), rec-
ommended creating an ARPA-E within DOE to fund “transformational research
that could lead to new ways of fueling the Nation and its economy.” The report of-
fered recommendations in four areas to enhance U.S. competitiveness: K-12 edu-
cation, higher education, economic and technology policy, and scientific research.

The Augustine report argued that affordable and reliable energy production is
central to the future of the American economy and that revolutionary new tech-
nologies are needed for a sustainable energy future. The report argued further that
no existing DOE programs were well suited to promote such technological advances
and get them into the marketplace. What was needed, the report concluded was a
DOE unit modeled on the Defense Advanced Research Projects Agency (DARPA),
the agency that is widely credited with the development of the Internet. The Augus-
tine report said ARPA-E:

would sponsor creative, out-of-the-box, transformational, generic energy re-
search in those areas where industry by itself cannot or will not undertake such
sponsorship, where risks and potential payoffs are high, and where success
could provide dramatic benefits for the Nation. ARPA-E would accelerate the
process by which research is transformed to address economic, environmental,
and security issues. It would be designed as a lean, effective, and agile—but
largely independent—organization that can start and stop targeted programs
based on performance and ultimate relevance.

Citing the Augustine report, the President has proposed increased funding for
three research and development (R&D) agencies and for several science and math
education programs. The Administration has not endorsed the ARPA-E proposal
and has expressed concern that its funding could compete with higher priorities, in-
cluding proposed increases for DOE’s Office of Science. Energy Secretary Samuel
Bodman has suggested that an entity based on In-Q-Tel, a venture capital organiza-
tion sponsored by the Central Intelligence Agency (CIA), might be a more appro-
grilate )approach to getting new technology into the energy market. (More on that

elow.

5. Issues

The arguments for ARPA-E are laid out in the Augustine report (excerpt at-
tached). This section summarizes the arguments of critics.

Why aren’t more revolutionary technologies finding their way into the en-
ergy market, and is ARPA-E an effective approach to solving that problem?
This is really two questions: First, is the problem in the energy markets primarily
one to be solved by increasing the supply of energy technologies or by creating more
demand for energy technologies? And second, if the problem is the supply of tech-
nologies, would ARPA-E be the most effective way to spawn new technologies and
get them into the marketplace?

Is the problem primarily one of technology supply or demand? While there
is no question that R&D is necessary to supply new technologies to the marketplace,
some critics of the ARPA-E proposal argue that the U.S. energy marketplace is not
short of ideas or technologies, but that the current market structure does not gen-
erate demand for new technologies. For example, an NAS study several years ago
identified numerous existing technologies that could increase automobile fuel mile-
age that were not being applied or applied for that purpose. Even today, oil prices
are generally at a level that does not induce consumers to switch to new energy
technologies. Without government incentives, whether through taxes, regulations or
other means, the market will not create a sufficient demand for new technologies,
these critics argue. They point out that while there are societal reasons to seek new
energy technologies, those do not translate into individual demands with oil at cur-
rent prices. Under this reasoning, new technologies funded by an ARPA-E are no
more likely to find their way into the marketplace than are existing ideas.

What is the primary barrier to technology supply and would ARPA-E ad-
dress it? But even if one assumes that technology supply is part of the problem,
ARPA-E, may not be the most effective tool to get more new technologies into the
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marketplace, critics argue. According to the Augustine report, ARPA-E would fund
“a broad portfolio of foundational research that is needed to invent transforming
technologies that in the past were often supplied by our great industrial labora-
tories.” This assumes that a primary gap in energy technology creation is a lack of
early-stage, largely basic research and that the government would be able to deter-
mine what kind of research in that area is most needed. But many advocates of a
greater government role in energy technology see the primary barrier not at the
early stages of research, but later in the process when the inventors of new tech-
nologies find that they do not have the wherewithal to fully develop their ideas into
products or to bring their ideas to market. Some advocates of ARPA-E who were
not on the Academy panel argue that ARPA-E could address this stage of the prob-
lem, but that is not what the Academy has argued. Critics argue that if the goal
is to work on the later stages of development and product introduction, then an
ARPA-E is the wrong tool to use.

Does the DARPA model match the needs of energy R&D? Proponents of new
government efforts to get R&D into the marketplace often turn to DARPA as a
model. For example, in the competitiveness debates of the 1980s, some argued for
the creation of a civilian equivalent of DARPA to counter Japanese inroads in U.S.
technology markets. (This proposal contributed to the creation of the Department
of Commerce’s Advanced Technology Program.) In the Homeland Security Act, Con-
gress created a Homeland Security Advanced Projects Agency (HSARPA) to help
create new technologies to counter terrorism. HSARPA is not generally viewed as
a success, partly because it has focused primarily on short-term development
projects.

The appeal of the DARPA model is clear. DARPA has had an enviable record of
success 1n funding technologies that have given the U.S. military a technology edge,
many of which have eventually made it into the marketplace. Experts generally at-
tribute the agency’s success to its relative independence from the military services
and their laboratories, its ties to industry as well as academia, its relative insula-
tion from politics which has enabled the agency in the past to undertake long-range
projects and tolerate failure, and its internal structure which empowers program
managers to make decisions on who and what to fund. Like the National Science
Foundation (NSF), DARPA performs no research, but funds research elsewhere. Un-
like NSF, DARPA works more with industry and does not have peer review of its
proposals. But DARPA has had its ups and downs and has focused on different as-
pects of technology over its almost 50 years of operation. Today, DARPA is focusing
more on shorter-range projects of more immediate use to the military.

Critics of the ARPA-E proposal argue that a salient feature of DARPA is that it
funds the creation of technologies for which the government will be the primary or
sometimes sole market. This makes it easier to determine what technologies to tar-
get, helps researchers target their own efforts, and assures industry that there will
be a payoff for its efforts. Moreover, price is not generally a significant consideration
for technologies developed by DARPA. This is true in the area of homeland security,
as well. But this fundamental feature of DARPA is not true in the energy arena.
Critics argue that it is at best unclear how a DARPA model would succeed in a field
in which the government is not a primary customer and does not exert much direct
control over the marketplace.

What other models exist that could be applied to energy research? Another
model that has been suggested to push more technology into the energy market is
In-Q-Tel, a Congressionally created, government-funded non-profit venture capital
firm that seeks to accelerate market introduction of products that could benefit U.S.
intelligence efforts. In-Q-Tel generally does not get involved in technologies until
they are well on their way to development or in the prototype stage. Therefore, In-
Q-Tel would not help attack the problem that the Augustine report identified, a lack
of early-stage, more fundamental research. But an In-Q-Tel model might get more
ideas out of the laboratory and into the marketplace. However, In-Q-Tel, like
DARPA, works in a realm in which the government is the market. While In-Q-Tel
will only back ventures that appear to have a market beyond the government, its
primary goal is to promote the development of products that the government itself
will purchase. Also, In-Q-Tel, which was created in 1998 and did not get fully under-
way until later, does not yet have much of a track record and no one has analyzed
how it might function in the energy market. Moreover, the expanding use of govern-
ment-funded firms that get equity in private companies could raise questions about
the appropriate government role in the financial marketplace.

Why can’t existing DOE programs accomplish the goal of an ARPA-E and
how would an ARPA-E interact with existing programs? Proponents of
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ARPA-E argue, in effect, that the DOE Office of Science programs are too basic and
that the DOE energy supply programs are too applied, leaving a gap. The Office of
Science does support fundamental research, but most of it is not directed at specific
energy problems or technologies. (The Office of Science is trying to increase its in-
volvement in these areas.) The applied programs tend to fund incremental research
that is unlikely to lead to “transformational” advances. DOE also has a more bu-
reaucratic culture than DARPA and lacks some of DARPA’s more flexible procure-
ment authority.

Some critics argue that DOE should reform its basic and/or applied programs to
address any gaps identified by the Academy report. Others fear that if an ARPA-
E is located in DOE it will be gradually come to look like existing DOE programs
because otherwise it will compete with them for funds. These critics are particularly
fearful that ARPA-E will simply become another source of funding for the National
Laboratories, which they see as too removed from the marketplace and too focused
on their existing portfolios to undertake “transformational” research targeted at new
energy technologies. These critics note that a strength of DARPA has been that is
has not had its own laboratories and has generally worked independently of the
military laboratories.

How would an ARPA-E be structured? The Academy panel did not provide de-
tailed advice on how to structure ARPA-E, other than to point to the DARPA model.
In establishing an ARPA-E, Congress would have to decide where in DOE to locate
it, how to ensure the independent and program manager-driven agenda of DARPA,
how to provide stable and adequate funding and how to clearly describe the kinds
of research that ARPA-E would be intended to fund. The Augustine report rec-
ommends having ARPA-E report to the DOE Under Secretary for Science (a posi-
tion created by last summer’s Energy Policy Act), but critics worry that that would
not give ARPA-E adequate independence and would increase the likelihood that
funds would go to the National Laboratories. Some critics argue that if Congress
were to create an ARPA-E, it should do so outside of DOE and perhaps as a free-
standing quasi-governmental entity.

6. Additional Background

Augustine Report. The Academy panel did not receive outside advice or testimony
on the ARPA-E idea and at least one of its members was a reluctant supporter of
the idea because of concerns that the DARPA model did not apply to areas in which
the government was not a customer. Also, the one member of the Academy panel
from the energy industry, Lee Raymond, then-Chairman and CEO of the
ExxonMobil Corporation, dissented from the recommendation, arguing against fur-
ther government involvement in energy markets.

History and Structure of DARPA. DARPA’s mission is “to prevent technological
surprise to the U.S., but also to create technological surprise for our enemies,”?2
through radical innovation to further national security. While each service branch
conducts its own research to further known, short-term requirements, DARPA aims
to anticipate future military needs, in any service branch, and accelerate develop-
ment of breakthrough technology to meet those needs.

DARPA was created in 1958 as the Advanced Research Projects Agency (ARPA),
in response to Cold War concerns such as the launch of Sputnik Early areas of re-
search involved space and missile defense. By the late 1970’s, the agency focused
on defense, emphasizing breakthrough technological applications and enhanced
links to real customers. ARPA/DARPA research projects include crucial contribu-
1I;ions to development of stealth aircraft, unmanned aerial vehicles (UAVs), and the

nternet.

DARPA exists within the Office of the Secretary of Defense, outside the service
branches. Its director oversees Offices (eight of them at present) that bring together
experts with similar interests. Within the Offices are program managers hired for
short stints, typically four to six years. Only one layer of management, the Office
directors, separates the program managers from the director. DARPA upper man-
agement devise research themes in consultation with defense leaders, and together
with the program managers, they identify important, difficult problems that fit in
with those themes. Program managers are expected to consult with technical com-
munities throughout government, industry, and academia to design projects in-
tended to create novel military capabilities. Program managers have special con-
tracting authority that allows them to negotiate flexible contracting arrangements

2DARPA: Bridging the Gap; Powered by Ideas, Defense Advance Research Projects Agency,
Feb. 2005, p. 1.
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with researchers. Their projects aim to create usable products, and must include
plans for transfer of those products to real users. The short-term of program man-
agers creates a supply of new people with new ideas and encourages accelerated
execution of projects. DARPA has no laboratories of its own—all work is performed
by contract with outside researchers—minimizing institutional interests within
DARPA that might prolong research that is no longer promising.

DARPA strives to transfer its research products to actual warfighters. This trans-
fer may occur for research that leads to a component technology—such as a stealth
technology or microchip—that a defense contractor incorporates the component into
larger system that it ultimately sells to a service branch. Because DARPA relies on
outside research laboratories, the contractor itself may have participated in the de-
velopment of the technology, acquiring enough familiarity and confidence in it to use
it in a real product it sells to a service branch.

The transfer of technology from DARPA to a service branch may be more chal-
lenging, however, for a more elaborate technology. The technology might compete
with a significant existing technology already in use by a service. Furthermore, be-
cause DARPA looks beyond known, short-term, technological needs, its technology
may demand new methods for employing the technology. As a result, a service
branch may resist acquiring the DARPA technology. To overcome this resistance,
DARPA can appeal directly to the Secretary of Defense, since its position within
DOD does not require reporting through the service branches.

History and Structure of In-Q-Tel. In-Q-Tel started off making investments pri-
marily in the information technology area, including Internet security, data integra-
tion, 1imagery analysis, and language translation, and in recent years has expanded
into infrastructure priorities such as wireless communications and nanotechnology,
and biodefense products such as sensors. These investments have helped govern-
ment agencies keep up with technology developments in the commercial market-
place, and helped the intelligence community in particular to mold, develop and de-
ploy crucial technologies in a timely manner.

To keep up with the boom in innovations in the private sector, especially in infor-
mation technology (IT), the CIA assembled a team of senior staff and outside con-
sultants and lawyers in 1998 to design an entity to partner with industry in acceler-
ated solutions to IT problems facing the intelligence community. After meeting with
investment bankers, venture capitalists, entrepreneurs, and Members of Congress
and staff, the team conceived what is now In-Q-Tel.

In-Q-Tel actively seeks out emerging technology that can help meet the needs of
its intelligence agency clients. Its primary means of involvement with fledgling tech-
nologies 1s to invest in the companies developing the technology alongside of com-
mercial investment partners, using the equity tool, combined with a great deal of
contractual flexibility, to provide In-Q-Tel and its government partners early access
to the technology and the ability to influence product development.

Small or newer companies often do not to target the Federal Government market
because it can be difficult to target or slow to access. And because those companies
often need to penetrate their markets quickly to generate cash flow, government
customers can miss the chance to influence product development. Moreover, private
venture capital firms sometimes discourage small companies they invest in from
doing business with the government because the complexity of the procurement
process and long lead time on procurement decisions. This means that agencies are
often two to three years behind the commercial market for technology, especially in
areas like IT where there is rapid innovation.

Through special flexibility in contracting arrangements granted by Congress simi-
lar to the flexibility enjoyed by DARPA in its arrangements, In-Q-Tel is able to over-
come procurement obstacles and to help the intelligence agencies adopt technology
more quickly. However, in the long run, In-Q-Tel believes that the products it in-
vests in should be targeted at a commercial market, to lower costs for its client
agencies, and that they should be purchased through normal procedures once fully
commercialized.

A Board of Trustees oversees In-Q-Tel’s direction, strategy, and policies.3 In-Q-Tel
is managed by a CEO and has a staff of 64. Its current budget is estimated to be
$60 million.4 In-Q-Tel seeks to demonstrate solutions. It does not generate finished
products. The CIA or other intelligence agencies acquire products through their own

3 Among its trustees is Norman Augustine, chair of the committee that produced the NAS Ris-
ing Above the Gathering Storm report. In an August 15, 2005 Washington Post article, Augus-
tine called In-Q-Tel “far more successful than [he] thought it would be,” but “still an unproved
experiment.”

4“Tech Entrepreneur Joins CIA’s Venture Capital Arm,” Washington Post, January 4, 2006.
http:/ |www.washingtonpost.com | wp-dyn [ content | article /2006 /01 /03 /| AR2006010301401.html
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separate contracting arrangements. Although In-Q-Tel operations are public and few
of their staff have security clearance, the manner of actual use of their products by
the CIA may be classified. Nonetheless, In-Q-Tel offers the CIA a mechanism by
which to involve industry in solving the specific technology problems faced by the
intelligence community.

7. Legislative Proposals

H.R. 4435 (Gordon): A bill to provide for the establishment of the Advanced
Research Projects Agency-Energy

This bill establishes the Advanced Research Projects Agency—Energy (ARPA-E)
within DOE. This new agency is modeled after DARPA. Under the bill, ARPA-E is
headed by a Director appointed by the Secretary. The Director hires program man-
agers to manage individual projects, and the project managers are given flexibility
in establishing R&D goals for the program. Program managers will also be respon-
sible for selecting projects for support as well as monitoring their progress. The
ARPA-E will have authority to hire specialized science and engineering personnel
to be program managers. Participation in the program is limited to institutions of
higher education, companies or consortia of universities and companies, and these
consortia may also include federally funded research and development centers.

In addition, the bill establishes an Energy Independence Acceleration Fund, al-
lows for recoupment of funds from successful commercialization projects, and in-
cludes provisions relating to an Advisory Committee and evaluation of ARPA-E.

S. 2197 (Domenici/Bingaman/Alexander/Mikuski): Protecting America’s
Competitive Edge through Energy Act of 2006, known as the “PACE-En-
ergy” Act

Section 4 of this bill, which will be marked up on March 8, creates ARPA-E, using
language based on the law that created the Homeland Security Advanced Research
Projects Agency. Under the bill, ARPA-E is a new office within DOE that will report
to the Under Secretary for Science.

S. 2196 (Clinton/Reid/Bingaman): Advanced Research Projects Energy Act

This bill establishes the Advanced Research Projects Agency—Energy within the
Department of Energy. The provisions of this bill also include prizes for advanced
technology achievements, annual reporting requirements, and authorizations.

8. Witness Questions

Dr. Steve Chu, Dr. Fernando L. Fernandez, Ms. Melanie Kenderdine, and Dr. David
Mowery

1. Should ARPA-E be designed more to foster directed basic research or to get
products into the marketplace? If the focus were basic research, what steps
would ARPA-E or other entities have to take to affect the marketplace? If
the focus were technology transfer, what specific barriers would ARPA-E be
designed to overcome, how would it do so, and would that be the most effec-
tive way that government could transform the energy marketplace?

2. What kinds of entities should receive funding from ARPA-E? Should the Na-
tional Laboratories be able to receive funding from ARPA-E? How should the
work funded by ARPA-E differ from work funded under existing DOE basic
and applied research programs? How could Congress structure ARPA-E to
ensure that ARPA-E did not end up carrying out programs that are substan-
tially similar to those already in DOE’s portfolio?

3. Is it credible to develop a solution to U.S. energy needs based on the Defense
Advanced Research Projects Agency (DARPA), given that DARPA is devel-
oping ideas for a market in which the government itself is the primary cus-
tomer and cost is not a primary concern?

Dr. Catherine Cotell

1. How far along in the research and development process are the products and
processes that In-Q-Tel supports? To what extent has government research
funding contributed to the products and processes that In-Q-Tel supports?
How would you contrast In-Q-Tel’s role with that of the Defense Advanced
Research Projects Agency (DARPA)?

2. To what extent do you think the In-Q-Tel model could be applied to areas
in which the government is not going to be a primary or early user of a tech-
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nology? What practical and/or philosophical questions would such an expan-
sion of the In-Q-Tel model raise?

. What have you found to be the primary barriers to new technologies coming
to market? Does the U.S. seem to have more of a problem creating new tech-
nologies or bringing them to market? Do you think the same factors are the
primary barriers in the energy market?
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Appendix 1

ARPA-E Proposal Excerpted from Rising Above the
Gathering Storm

ACTION B-5: Use DARPA As a Model for Energy Research

The federal government should create a DARPA-like organization within the
Department of Energy called the Advanced Research Projects Agency-Energy (ARPA-
E) that reports to the under secretary for science and is charged with sponsoring specific
R&D programs to meet the nation's long-term energy chalienges.®

5 . . . . : :
One committee member, Lee Raymond, shares the alternative point of view on this recommendation as
summarized in Box 6-3.

Perhaps no experiment in the conduct of research and engineering has been more
successful in recent decades than the Defense Advanced Research Projects Agency
model. The new agency proposed herein is patterned after that model and would
sponsor creative, out-of-the-box, transformational, generic energy research in those
areas where industry by itself cannot or will not undertake such sponsorship, where
risks and potential payoffs are high, and where success could provide dramatic ben-
efits for the Nation. ARPA-E would accelerate the process by which research is
transformed to address economic, environmental, and security issues. It would be
designed as a lean, effective, and agile—but largely independent—organization that
can start and stop targeted programs based on performance and ultimate relevance.
ARPA-E would focus on specific energy issues, but its work (like that of DARPA
or NIH) would have significant spinoff benefits to national, State, and local govern-
ment; to industry; and for the education of the next generation of researchers. The
nature of energy research makes it particularly relevant to producing many spin off
benefits to the broad fields of engineering, the physical sciences, and mathematics,
fields identified in this review as warranting special attention. Existing programs
with similar goals should be examined to ensure that the Nation is optimizing its
investments in this area. Funding for ARPA-E would begin at $300 million for the
initial year and increase to $1 billion over five years, at which point the program’s
effectiveness would be reevaluated. The committee picked this level of funding the
basis of on its review of the budget history of other new research activities and the
importance of the task at hand.

The United States faces a variety of energy challenges that affect our economy,
our security, and our environment (see Box 6—4). Fundamentally, those challenges
involve science and technology. Today, scientists and engineers are already working
on ideas that could make solar and wind power economical; develop more efficient
fuel cells; exploit energy from tar sands, oil shale, and gas hydrates; minimize the
environmental consequences of fossil-fuel use; find safe, affordable ways to dispose
of nuclear waste; devise workable methods to generate power from fusion; improve
our agi%g energy-distribution infrastructure; and devise safe methods for hydrogen
storage.

ARPA-E would provide an opportunity for creative “out-of-the-box” trans-
formational research that could lead to new ways of fueling the Nation and its econ-
omy, as opposed to incremental research on ideas that have already been developed.
One expert explains, “The supply [of fossil-fuel sources] is adequate now and this
gives us time to develop alternatives, but the scale of research in physics, chemistry,
biology and engineering will need to be stepped up, because it will take sustained
effort to solve the problem of long-term global energy security.” 7

Although there are those who believe an organization like ARPA-E is not needed
(Box 6-3), the committee concludes that it would play an important role in resolving
the Nation’s energy challenges; in advancing research in engineering, the physical
sciences, and mathematics; and in developing the next generation of researchers. A
recent report of the Secretary of Energy Advisory Board’s Task Force on the Future
of Science Programs at the Department of Energy notes, “America can meet its en-
ergy needs only if we make a strong and sustained investment in research in phys-

6M.S. Dresselhaus and I.L. Thomas. Alternative energy technologies. Nature 414(2001):332—
337.
71bid.



11

ical science, engineering, and applicable areas of life science, and if we translate ad-
vancing scientific knowledge into practice. The current mix of energy sources is not
sustainable in the long run.”8 Solutions will require coordinated efforts among in-
dustrial, academic, and government laboratories. Although industry owns most of
the energy infrastructure and is actively developing new technologies in many fields,
national economic and security concerns dictate that the government stimulate re-
search to meet national needs. These needs include neutralizing the provision of en-
ergy as a major driver of national security concerns. ARPA-E would invest in a
broad portfolio of foundational research that is needed to invent transforming tech-
nologies that in the past were often supplied by our great industrial laboratories
(see Box 6-5). Funding of research underpinning the provision of new energy
sources is made particularly complex by the high cost, high risk and long-term char-
acter of such work—all of which make it less suited to university or industry fund-
ing.

Among its many missions, DOE promotes the energy security of the United
States, but some of the department’s largest national laboratories were established
in wartime and given clearly defense-oriented missions, primarily to develop nuclear
weapons. Those weapons laboratories, and some of the government’s other large
science laboratories, represent significant national investments in personnel, shared
facilities, and knowledge. At the end of the Cold War, the Nation’s defense needs
shifted and urgent new agendas became clear—development of clean sources of en-
ergy, new forms of transportation, the provision of homeland security, technology to
speed environmental remediation, and technology for commercial application. Nu-
merous proposals over recent years have laid the foundation for more extensive re-
deployment of national laboratory talent toward basic and applied research in areas
of national priority.?

8 Secretary of Energy’s Advisory Board, Task Force on the Future of Science Programs at the
Department of Energy. Critical Choices: Science, Energy and Security. Final Report. Wash-
ington, DC: U.S. Department of Energy, Oct. 13, 2003, p. 5.

9Galvin Panel report, Task Force on Alternative Futures for the Department of Energy Na-
tional Laboratories, Secretary of Energy Advisory Board. Washington, DC.: U.S. Department of
Energy, Feb. 1995; PCAST, Federal Energy Research and Development for the Challenges of the
Twenty-First Century, Report of the Energy Research and Development Panel, the President’s
Committee of Advisors on Science and Technology, Washington, DC, Nov. 1997; Government Ac-
counting Office. Best Practices: Elements Critical to Successfully Reducing Unneeded RDT&E In-
frastructure. USGAO Report to Congressional Requesters. Washington, DC: GAO (?), Jan. 8
1998.



12

BOX 6-3
Another Point of View: ARPA-E

Energy issues are potentially some of the most profound challenges to our future
prosperity and security, and science and technology will be critical in addressing them.
But not everyone believes that a federal program like the proposed ARPA-E would he an
effective mechanism for developing bold new energy technologies. This box summarizes
some of the views the committee heard about ARPA-E from those who disagree with its
utility.

Some believe that such applied energy research is already well funded by the
private sector—by large energy companies and, increasingly, by venture capital firms— -
and that the federal government should fund only basic research. They argue that there
is no shortage of long-term research funding in energy, including that sponsored by the
federal government. DOE is the largest individuat government supporter of basic
research in the physical sciences, providing more than 40% of associated federal
funding. DOE provides funding and support to researchers in academe, other
government agencies, nonprofit institutions, and industry. The government spends
substantial sums annually on research, including $2.8 billion on basic research and on
numerous technologies. Given the major investment DOE is already making in energy
research, it is argued that if additional federal research is desired in a particular field of
energy, it should be accomplished by reallocating and oplimizing the use of funds
currently being invested.

It is therefore argued that no additional federal involvement in energy research is
necessary, and given the concerns about the apparent shortage in scientific and
technical talent, any short-term increase in federally directed research might crowd out
more preductive private-sector research. Furthermore, some believe that industry and
venture capital investors will already fund the things that have a reasonable probability of
commercial utility (the invisible hand of the free markets at work), and what is not funded
by existing sources is not worthy of funding.

Another concern is that an entity like ARPA-E would amount to the government's
attempt to pick winning technologies instead of letting markets decide. Many find that the
government has a poor record in that arena. Government, some believe, should focus
on basic research rather than on developing cornmercial technology.

Others are more supportive of DOE research as it exists and are concerned that
funding ARPA-E will take money away from traditional science programs funded by
DOE's Office of Science in high-energy physics. fusion energy research, material
sciences, and so forth that are of high quality and despite receiving limited funds
produce Nobel-prize-quality fundamental research and commercial spin offs. Some
believe that DOE's model is more productive than DARPA's in terms of research quality
per federal dollar invested.

Introducing a small, agile, DARPA-like organization could improve DOE’s pursuit
of R&D much as DARPA did for the Department of Defense. Initially, DARPA was
viewed as “threatening” by much of the department’s established research organiza-
tion; however, over the years it has been widely accepted as successfully filling a
very important role. ARPA-E would identify and support the science and technology
critical to our nation’s energy infrastructure. It also could offer several important
national benefits:

* Promote research in the physical sciences, engineering, and mathematics.

* Create a stream of human capital to bring innovative approaches to areas of
national strategic importance.

¢ Turn cutting-edge science and engineering into technology for energy and en-
vironmental applications.

¢ Accelerate innovation in both traditional and alternative energy sources and
in energy-efficiency mechanisms.

¢ Foster consortia of companies, colleges and universities, and laboratories to
work on critical research problems, such as the development of fuel cells.

The agency’s basic administrative structure and goals would mirror those of
DARPA, but there would be some important differences. DARPA exists mainly to
provide a long-term “break-through” perspective for the armed forces. DOE already



13

has some mechanisms for long-term research, but it sometimes lacks the mecha-
nisms for transforming the results into technology that meets the government’s
needs. DARPA also helps develop technology for purchase by the government for
military use. By contrast, most energy technology is acquired and deployed in the
private sector, although DOE does have specific procurement needs. Like DARPA,
ARPA-E would have a very small staff, would perform no R&D itself, would turn
over its staff every three to four years, and would have the same personnel and con-
tracting freedoms now granted to DARPA. Box 6-6 illustrates some energy tech-
nologies identified by the National Commission on Energy Policy as areas of re-
search where federal research investment is warranted that is in research areas in
which industry is unlikely to invest.

BOX 6-4 Energy and the Economy

Capital, labor, and energy are three major factors that contribute to and influence
economic growth in the United States. Capital is the equipment, machinery,
manufacturing plants, and office buildings that are necessary to produce goods and
services. Labor is the availability of the workforce to participate in the production of
goods and services. Energy is the power necessary to produce goods and services and
transport them to their destinations. These three componentis are used to compute a
country's gross domestic product (GDP), the total of all output produced in the country.
Without these three inputs, business and industry would not be able to transform raw
materials info goods and services.

Energy is the power that drives the world's economy. In the industrialized
nations, most of the equipment, machinery, manufacturing plants, and office buildings
could not operate without an available supply of energy resources such as oil, natural
gas, coal, or electricity. In fact, energy is such an important component of manufacturing
and production that its availability can have a direct impact on GDP and the overall
economic health of the United States.

Sometimes energy is not readily available because the supply of a particular
resource is limited or because its price is too high. When this happens, companies often
decrease their production of goods and services, at least temporarily. On the other hand,
an increase in the availability of energy-—or lower energy prices—can lead to increased
economic output by business and industry.

Situations that cause energy prices to rise or fall rapidly and unexpectedly, as the
world's oil prices have on several occasions in recent years, can have a significant
impact on the economy. When these situations occur, the economy experiences what
economists call a "price shock”. Since 1970, the economy has experienced at least four
such price shocks attributable to the supply of energy. Thus, the events of the last
several decades demonstrate that the price and availability of a single important energy
resource—such as oil—can significantly affect the world economy.

SOURCE: Adapted from Dallas Federal Reserve Bank at www dallasfed orgieducatefeveryday/ev2 hirnl,
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Box 6-5: The Invention of the Transistor

In the 1930s, the management of Bell Laboratories sought to develop a
low-power, reliable, solid-state replacement for the vacuum tube used in telephone
signal amplification and switching. Materials scientists had to invent methods to make
highly pure germanium and silicon and to add controlled impurities with unprecedented
precision. Theoretical and experimental physicists had to develop a fundamental
understanding of the conduction properties of this new material and the physics of the
interfaces and surfaces of different semiconductors. By investing in a large-scale assault
on this problem, Bell announced the “invention” of the transistor in 1948, less than a
decade after the discovery that a junction of positively and negatively doped silicon
would allow electric current to flow in only one direction. Fundamental understanding
was recognized to be essential, but the goal of producing an economically successful
electronic-state switch was kept front-and-center. Despite this focused approach,
fundamental science did not suffer: a Nobel prize was awarded for the invention of the
transistor. During this and the following effort, the foundations of much of semiconductor-
device physics of the 20th century were laid.
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BOX 86-6
Ilustration of Energy Technologies

The National Commission on Energy Policy in its December 2004 report
Ending the Energy Stalemate: A Bipartisan Strategy to Meef America’s Energy
Challenges recommended doubling the nation's annual direct federal expenditures on
“energy research, development, and demonstration” (ERD&D) to identify better
technologies for energy supply and efficient end use. Improved technologies, the
commission indicates, will make it easier to

» Limit oil demand and reduce the fraction of it met from imports without
incurring excessive economic or environmental costs
Improve urban air quality while meeting growing demand for automobites

» Use abundant US and world coal resources without intolerable impacts on
regional air quality and acid rain

¢ Expand the use of nuclear energy while reducing related risks of accidents,
sabotage, and proliferation.

» Sustain and expand economic prosperity where it already exists—and achieve
it elsewhere—without intolerable climatic disruption from greenhouse-gas
emissions.

The commission identified what it believes to be the most promising
technological oplions where private sector research activities alone are not likely to
bring them to that potential at the pace that society's interests warrant. They fall into
the foilowing principal clusters:

» Clean and efficient automobile and truck technologies, inciuding
advanced diesels, conventional and plug-in hybrids, and fuel-cell vehicles

» Integrated-gasification combined-cycle coal technologies for
polygeneration of electricity, steam, chemicals, and fluid fuels

» Other technologies that achieve, facilitate, or complete carbon
capture and sequestration, including the technologies for carbon capture
in hydrogen production from natural gas, for sequestering carbon in
geologic formations, and for using the produced hydrogen efficiently

» Technologies to efficiently produce biofuels for the transport sector
+ Advanced nuclear technologies tc enable nuclear expansion by
lowering cost and reducing risks from accidents, terrorist attacks, and

proliferation

» Technologies for increasing the efficiency of energy end use in
buildings and industry.
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Chairman BOEHLERT. The hearing will come to order.

I want to welcome everyone to this morning’s hearing, which will
be the first public balanced discussion of the proposal to establish
an Advanced Research Projects Agency in the Department of En-
ergy, or as it has come to be called, “ARPA-E.” Given its origin in
the National Academy of Science’s “Gathering Storm” report, the
ARPA-E proposal must be treated seriously and respectfully.

But serious and respectful treatment means thinking through all
the strengths and weaknesses of the proposal and the alternative
ways to achieve the goals of the Academy panel and the sometimes-
differing goals of the proposal’s other supporters. It does not mean
rushing through open-ended legislation with limited analysis or de-
bate.

Parenthetically, let me deviate from the text. There is much—to
draw an analogy here. There is much talk in this town about the
urgent need for lobbying reform. A hasty rush to judgment on the
part of the House, we've solved the problem. We have banned
former Members from the gymnasium. Give me a break.

So I intend for the Science Committee to act deliberately, start-
ing with this balanced panel that will enable us to think through
such key issues as: why more revolutionary technologies have not
made their way into the energy market, the different approaches
to getting more technology to market, how an ARPA-E would com-
pare to existing programs, and what characteristics an ARPA-E
would have to have to be successful.

Right now, I would describe myself as an open-minded skeptic
about ARPA-E. On the one hand, I am immediately drawn to any
proposal designed to foster more focused research on energy tech-
nologies and a more sustainable U.S. energy portfolio. But on the
other hand, I see that the ARPA-E proposal is predicated on sev-
eral implicit assumptions, all of which are, at the very least, open
to debate, and I hope they will be debated here this morning.

I think the four key assumptions are: one, that the problem with
the energy market is that the supply of new technologies is insuffi-
cient; two, that the supply is constrained because of a lack of fun-
damental research; three, that a sensible way to promote more fun-
damental research is to apply the DARPA model to a civilian en-
ergy sector; and four, that implementing the DARPA model is the
best way to improve energy research, given the tight federal budg-
ets.

Now let me examine each of these assumptions briefly, and I
hope our witnesses will examine them as well and, in the process,
help educate us.

I think the first assumption is clearly wrong. The biggest barrier
to new energy technologies is not supply. It is demand. And until
the government is willing to institute policies to stimulate demand
or until oil gets to a dangerously high price, it is going to be very
hard for new technologies to enter or dominate the new market. We
already have plenty of technologies to improve automobile fuel effi-
ciency just sitting on the shelf, gathering dust, to cite one sad ex-
ample. So I see this whole supply debate as largely beside the
point. Until we change the market, developing new technologies is
just going to be the equivalent of filling up a warehouse of a com-
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pany that is already out of business. But the demand side isn’t in
our jurisdiction.

But that said, obviously, improving the technology supply
wouldn’t hurt, but is the supply problem due primarily to a lack
of fundamental research or are the problems further down the re-
search pipeline, to use the outdated metaphor? Our witnesses have
a range of views on that, which need to be heard.

Similarly, our witnesses differ on the applicability of the DARPA
model, and I have to say that I haven’t heard a very good expla-
nation of how the DARPA model can be reasonably employed in a
situation, unlike in Defense where the government is not the pri-
mary or initial customer. For starters, the politics surrounding
technology choices are going to be completely different in a com-
modity market.

And finally, we need to decide whether even if ARPA-E were a
good idea whether it would be a better use of funds than granting
the President’s proposal to increase the DOE Office of Science by
14 percent, because in this budget environment, we surely are not
going to be able to do both. And increasing the Office of Science
budget was an even higher priority Academy recommendation than
ARPA-E.

So we have got some serious, thorny, critical questions before us
today that ought to provoke good conversation, not only with those
of us on the dais, but among our impressive witnesses as well. And
I look forward to hearing what they have to say. What we hear
today will be an important factor in deciding how we proceed legis-
latively over the next couple of months as we prepare the competi-
tiveness legislation to deal with the American Competitiveness Ini-
tiative.

Mr. Gordon.

[The prepared statement of Chairman Boehlert follows:]

PREPARED STATEMENT OF CHAIRMAN SHERWOOD L. BOEHLERT

I want to welcome everyone to this morning’s hearing, which will be the first pub-
lic, balanced discussion of the proposal to establish an Advanced Research Projects
Agency in the Department of Energy, or as it has come to be called “ARPA-E.”
Given its origin in the National Academy of Science’s Gathering Storm report, the
ARPA-E proposal must be treated seriously and respectfully.

But serious and respectful treatment means thinking through all the strengths
and weaknesses of the proposal and all the alternative ways to achieve the goals
of the Academy panel and the sometimes-differing goals of the proposal’s other sup-
porters. It does not mean rushing through open-ended legislation with limited anal-
ysis or debate.

So I intend for the Science Committee to act deliberately, starting with this bal-
anced panel that will enable us to think through such key issues as: why more revo-
lutionary technologies have not made their way into the energy market, the dif-
ferent approaches to getting more technology to market, how an ARPA-E would
compare to existing programs, and what characteristics an ARPA-E would have to
have to be successful.

Right now, I would describe myself as an open-minded skeptic about ARPA-E. On
the one hand, I am immediately drawn to any proposal designed to foster more fo-
cused research on energy technologies and a more sustainable U.S. energy portfolio.
But on the other hand, I see that the ARPA-E proposal is predicated on several
implicit assumptions, all of which are, at the very least, open to debate—and I hope
they will be debated this morning.

I think the four key assumptions are: One, that the problem with the energy mar-
ket is that the supply of new technologies is insufficient; two, that the supply is con-
strained because of a lack of fundamental research; three, that a sensible way to
promote more fundamental research is to apply the DARPA (the Defense Advanced
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Research Projects Agency) model to the civilian energy sector; and fourth, that im-
plementing the DARPA model is the best way to improve energy research given the
tight federal budget.

Let me examine each of these assumptions briefly, and I hope our witnesses will
examine them as well.

I think the first assumption is clearly wrong. The biggest barrier to new energy
technologies is not supply; it’s demand. And until the government is willing to insti-
tute policies to stimulate demand—or until oil gets to a dangerously high price—
it’s going to be very hard for new technologies to enter or dominate the market. We
already have plenty of technologies to improve automobile fuel economy just “sitting
on the shelf,” to cite just one sad example.

So I see this whole supply debate as largely beside the point. Until we change
the market, developing new technologies is just going to be the equivalent of filling
up a warehouse of a company that’s already out of business. But the demand side
isn’t in our jurisdiction.

But, that said, obviously improving the technology supply wouldn’t hurt. But is
the supply problem due primarily to a lack of fundamental research, or are the
problems further down the research “pipeline” to use that outmoded metaphor? Our
witnesses have a range of views on that, which need to be heard.

Similarly, our witnesses differ on the applicability of the DARPA model. And I
have to say that I haven’t heard a very good explanation of how the DARPA model
can be reasonably employed in situations, unlike defense, where the government is
not the primary or initial customer. For starters, the politics surrounding technology
choices are going to be completely different in a commodity market.

And finally, we need to decide whether, even if ARPA-E were a good idea, wheth-
er it would be a better use of funds than granting the President’s proposal to in-
crease the DOE Office of Science by 14 percent. Because in this budget environment,
we surely are not going to be able to do both. And increasing the Office of Science
budget was an even higher priority Academy recommendation than ARPA-E.

So we've got some serious, thorny, critical questions before us today that ought
to provoke some good conversation not only with those of us on the dais, but among
our impressive witnesses as well. I look forward to hearing the debate.

What we hear today will be an important factor in deciding how we proceed legis-
lafi\ij}rebcr;r ov(fr the next couple of months as we prepare competitiveness legislation.

r. Gordon.

Mr. GORDON. Thank you, Mr. Chairman, for bringing this group
together for a hearing today, and I think you had some very
thoughtful remarks and questions that we need to dwell on.

Let me—I want to depart from my statement today and have a
conversation with the Majority Members that are here today. I
wish there were more, but I know that many of the staffs are here,
and others will be coming in.

Let me first start with a brief history, I won’t say lesson, but re-
fresher.

A couple of years ago, Senator Lamar Alexander and Senator
Bingaman, Chairman Boehlert, and myself asked the Academies of
Science to put together a commission to talk about the competitive-
ness of our country in the 21st century, what would—what could
we do about it. The National Academies came together. They
brought together some significant CEOs, Nobel laureates, academic
individuals, and they came forward with what we know as “Rising
Above the Gathering Storm.” And you might remember that Nor-
man Augustine was the Chairman of that commission and reported
to us a few months ago.

I want to read to you just quickly a couple of the statements that
he made to us at that hearing.

“It is the unanimous view of our committee that America today
faces a serious and intensifying challenge with regard to the future
competitiveness and standard of living. Further, we appear to be
on the losing path. The thrust of our findings is straightforward.
The standard of living of Americans in this and the years ahead
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will depend to a very large degree on the quality of jobs that they
are able to hold.”

Now my wife is out of town, so I am picking up my five-year-old
daughter this afternoon. I am going to have to bring her back here,
so you may see her on the Floor, but I am very concerned that she,
and probably your kids and grandkids, very well—this is not rhet-
oric, but very well could inherit the first national economy and
standard of living that is lower than their parents. You know, this
is a very real possibility. And by no misunderstanding, Mr. Augus-
tine laid that out to us.

Now they didn’t do a lot of what you might call original research.
They didn’t do a lot of—plow a lot of new ground. What they did
was take the recommendations that had been made over and over
and over and just brought them together. And I think it is time
that we stop, you know, trying to have new commissions, and it is
time to get ready to do something. And with that in mind, the Sen-
ate has put together—they took the Augustine recommendations—
the legislation—or they took the Augustine report and made it into
legislation. Two-thirds of the Senators, an equal amount of Demo-
crats and Republicans, have signed on to that. Two-thirds of the
Senators have done that. Now if we were to take that legislation
and bring it here to the House, it would go to seven different com-
mittees, and you know what that would mean. So Lamar called me
a while back and asked me to participate with this. I said of course
I would, and we had already been started, but I didn’t want to take
their exact bill, because it would just get lost over here.

So what I have done is I have taken the bulk of the “Rising
Above the Gathering Storm.” 1 didn’t get into the tax credits and
the ways and means stuff. Dr. Thomas thinks he knows what he
is doing, and I don’t think he wanted recommendations from the
Science Committee. There were some patent things that, again, ju-
diciary can handle, but the rest of it, the guts of it was education,
investment in research, and the—to a lesser extent, the ARPA-E
proposal. I have put those into three different bills. I have sent, I
guess, two personal letters for dear colleagues and direct staff con-
tacts with all of your offices.

Now we have, I think, virtually all of the Democrat Science Com-
mittee Members on the bills. We have a few Republicans on the
bills at large. But let me say, folks, if we can’t get together on
something that two-thirds of the Senate can, it is going to be a long
damn year. And you know, I don’t know whether it is going to be
next year or it is going to be two years or 10 years, but there is
a pretty good chance I am going to be Chairman of this committee.
And one of the rules is going to be I don’t care, you know, who in-
troduces a bill. A good idea is a good idea, and we need to go for-
ward with it.

And I want to, again, put to your attention these bills today.
ARPA-E is a little more controversial. Now we did this in a way
that gave the Secretary a lot of flexibility, tried to build it around
the DARPA model, and it may not be what everybody wants. The
objective is to reduce our energy dependency by 20 percent over the
next 10 years. I agree with the Chairman that, you know, con-
servation is a part of that. You know, I am not a big nuke fan, but
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that is a part of it. You know, I am for everything, quite frankly.
I think we are going to have to deal with everything.

It is some more controversy, but when it comes to education,
science education, there should be no misunderstanding. And what
we are going to do, we are going to screw around, if you are not
careful, and we are going to see the science education taken away
from the National Science Foundation. It is already—you know,
that is where it is heading right now. You are going to have some-
thing put in the Department of Energy or the Department of Edu-
cation, and when that happens, it is going to get lost and be poorly
managed.

So again, I would like for you to take another look at these bills.
You know. We—it was a rough start, but we finally got together
on an authorization to NASA. We got an overwhelming vote in the
House, and the reason was, I think, that folks were glad to see a
bipartisan bill. You know, this could be a bridge not only for good
legislation here but bring some camaraderie and civility to the
House in general.

So I would, once again, follow up on those two letters for dear
colleagues and request that you take a look at this so that we could
move forward.

[The prepared statement of Mr. Gordon follows:]

PREPARED STATEMENT OF REPRESENTATIVE BART GORDON

Mr. Chairman, thank you for holding this hearing today to consider the merits
of the ARPA-E proposal. This proposal arose from a recommendation by a Com-
mittee of the National Academy of Science, National Academy of Engineering and
the Institute of Health. The Committee was established at the request of certain
Senators and House Members, including Chairman Boehlert and me.

The Academies were asked to look at what actions “federal policy-makers could
take to enhance the science and technology enterprise so that the United States can
successfully compete, prosper, and be secure in the global community of the 21st
century.” We also asked the Academies to tell us what strategy could be used to
implement each of their recommended actions. The result was the Committee’s re-
port entitled, Rising Above the Gathering Storm, which was released late last year.

I have taken a different approach from the Senate in casting the report’s rec-
ommendations into legislative language. Rather than introducing a comprehensive
package as the Senate did, I have introduced a package of three bills that are pri-
marily in the jurisdiction of the Science Committee. My bills deal with those rec-
ommendations in Science Education, and Science and Engineering. The third bill es-
tablishes an ARPA-E organization within DOE.

My ARPA-E bill, H.R. 4435, has a very defined goal—to reduce imports of energy
from foreign sources by 20 percent within 10 years through the development of
transforming energy technologies. The Director of ARPA-E reports to the Secretary.
However, the bill provides great flexibility to the Director in structuring and man-
aging the organization to meet the goal.

The Rising Above the Gathering Storm Report was very vague in how its proposed
ARPA-E would be organized and exactly what it would accomplish. I, too, am flexi-
ble in considering how this organization should be put together and how it should
accomplish meeting the 20 percent goal. I do worry, however, that overly prescrip-
tive legislation could inhibit the willingness of smart men and women to join ARPA-
E and the ability of ARPA-E managers to accomplish whatever goals are ultimately
established.

Mr. Chairman, I believe this hearing will be a learning experience for all the
Members of the Committee. Today’s witnesses will bring us a variety of perspectives
on how this organization should be put together and what it should do. I look for-
ward to hearing their testimony today.

Norman Augustine, the Chairman of the Academies Committee, gave the Science
Committee this sobering assessment in his testimony last fall: “It is the unanimous
view of our committee that America today faces a serious and intensifying challenge
with regard to its future competitiveness and standard of living. Further, we appear
to be on a losing path.”
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I trust that this is only the first of a number of hearings to address how the Na-
tion will remain competitive. All the outside studies we need are complete; now is
the time to act—not only on ARPA-E—Dbut on all the other recommendations in this
committee’s jurisdiction.

I look forward to working with the Chairman as we go forward on this important
issue.

I yield back the balance of my time.

Chairman BOEHLERT. Thank you very much, Mr. Gordon. Thank
you for your thoughtful commentary.

Let me make a couple of observations in response.

First of all, I couldn’t agree more with the Augustine report, and
he is, and they are, in the report, absolutely correct. We are on a
“losing path” if we do nothing, and that is the sad fact.

But the reality is we are determined to do something, and we
have repeatedly indicated not only in response to this issue, but all
of the issues that come before this panel, that we will work coop-
eratively with all Members to take meaningful, decisive action.

Let me point out that in December, we had an innovation sum-
mit, which we had captains of industry, like Augustine, university
presidents, Cabinet officers to talk about this very important sub-
ject of competitiveness. That very morning, I had a meeting in the
White House with Josh Bolten, the Director of the Office of Man-
agement to once again lay out the compelling case that we had to
do more to invest on the part of the government in basic science.
We have to do more to improve the performance in K-12 science
and math literacy. I was gratified, as I know you were, too, as all
of us were concerned about this subject when the President, in his
State of the Union message announced the American Competitive-
ness Initiative. More funding. It put both the—all three, National
Science Foundation, which finances most university-based research
in this country, the Office of Science at the Department of Energy,
and NIST, very valuable agencies, directly in the front lines in this
war dealing with competitiveness on a path to double the budget
over 10 years. And I said following that State of the Union message
to all who asked, that those eloquent words were very important,
but they have to be followed by meaningful deeds.

This is a town where a lot of eloquent words are expressed and
there is no follow-through beyond the headline and the story of the
next day. Two weeks later, there was the follow-through. The elo-
quent words were followed by meaningful deeds. The budget sub-
mitted to Congress and the American people called for billions
more in all of the areas of primary concern to you and to me, put-
ting the National Science Foundation, the Office of Science, NIST
on a path to double their budget over 10 years with significant in-
creases in the first year, recognizing that we have to pump hun-
dreds of millions of dollars more into science and math education
K-12. They have heard our message, “they” being the Administra-
tion, the leadership of our government in the Executive Branch.
Not only have they heard our message and we have implored them
to act, they have heeded the message.

So now we are on a path to do what you and I have worked so
hard over the years to encourage them to do. The fact of the matter
is that we have to be very thorough and very deliberative as we
do this. We have to, as I say, make haste a little bit slowly, but
we are determined to move in a significant, meaningful way. And
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one of the issues under discussion is the ARPA-E proposal from
the “Rising Above the Gathering Storm” report. And we want to ex-
amine them.

So this is how we work, as you well know, in this committee. We
get experts, the foremost experts in our country, on the subject
matter being discussed before us, and we thank all of you for being
facilitators. And it shouldn’t surprise anyone that not every single
one of these people agree on the whole package, as presented.

So for thoughtful analysis and commentary, we invite them to
have a dialogue with this committee, and we are looking forward
to it. And I assure you, Mr. Gordon, and I assure all the Members
of this committee, that we are determined to go forward, not next
year or next month, but we have got to set the stage. We have got
to sort of build the foundation for our action. A lot of the programs
that are talked about in “Rising Above the Gathering Storm” are
already in. Just yesterday, I met with the Chairman of the Appro-
priations Committee, Mr. Lewis of California, and said you know
and everyone knows that the most important thing in this tight
budget environment is the allocations you, Mr. Chairman of the
Appropriations Committee, give to the individual subcommittees.
And there are two subcommittees critically important, one chaired
by Frank Wolf of Virginia, the other by David Hobson of Ohio, both
of whom are on the same wavelength as we are. And so I said you
have got to give them the allocations so that they cannot only em-
brace what the President is proposing but what we might add on
to it. And I had that same message in a meeting yesterday after-
noon at the White House. So we are on full alert. All systems are
on go, and I look forward to a continuing working partnership with
you.

And now I will recognize——

Mr. GORDON. Mr. Chairman, I have two comments. May I—
would he yield for

Chairman BOEHLERT. But the Chairman didn’t exceed your time
limit, and what I want to do is get—recognize Ms. Biggert so we
can have her commentary and then recognize someone on your
side. And then we will go to the witnesses, because that is how we
are going to learn the most. You and I could talk to each other all
day and all night. We have a nice relationship. But let us hear
from our witnesses, but first, Chairwoman Biggert.

Ms. BIGGERT. Thank you very much, Mr. Chairman, and thank
you for holding this hearing. —for I know that you share my deep
concern for our nation’s future energy security. And I am pleased
to be working with you to examine this interesting proposal by the
National Academies of Science to support transformational re-
search that could lead to new ways of fueling the Nation and its
economy. And I—on that goal, I think that all of us agree, and I
see no debate.

However, I just don’t see how the creation of a new agency and
new bureaucracy achieves this goal, even if it is patterned after the
famed DARPA. I remain open to the ARPA-E concept, but I will
readily admit that I need some convincing.

And why am I so skeptical? Well, let me count the ways.

First, it is not clear what problems we are trying to solve with
the creation of an ARPA-E.




23

Is it a lack of private-sector investment in long-term or basic re-
search? If so, how do we solve the problem by creating a brand new
agency to distribute scarce federal resources to companies to con-
duct research that they wouldn’t otherwise conduct? Correct me if
I am wrong, but it doesn’t—but doesn’t the Academy’s version of
ARPA-E put the Federal Government in the position of picking
which companies are winners?

Is it a lack of federal funding for high-risk, transformational re-
search? If so, how would you -characterize DOE’s current
FreedomCAR and Hydrogen Initiatives? How about the President’s
Global Nuclear Energy Partnership or U.S. participation in ITER,
the international fusion experiment? I don’t know about my col-
leagues, but I would put these in a category of high-risk, trans-
formational research.

Is it a failure of the Department of Energy to effectively transfer
new energy technologies from the laboratory to the market? If so,
wouldn’t it make more sense to closely examine the legal and policy
obstacles to the transfer of technology from our universities, na-
tional laboratories, and other research institutions?

In short, is this a solution in search of a problem?

Second, this proposal to create an ARPA-E is largely based on
the mythology of the agencies, namely the myths that DARPA can’t
do anything wrong and that DOE can’t do anything right.

Well, let me just relay a story about what I think is a DARPA
failing. A number of scientists in my district developed a way to
produce inexpensive, high-quality, titanium powder. You would
think any technology to improve the processing or reducing the cost
of titanium would be of obvious value to DOD because titanium is
strong and lighter than steel.

The scientists took their ideas to DARPA and DARPA turned
them down. But they knew that they had a good idea, so they
brought the idea to Congressman Bartlett and me. Despite the fact
that the Army quickly recognized the transforming potential of this
technology, DARPA had to be convinced. Only after the scientists
had obtained the private sector capital, built a pilot plant, and
demonstrated that the technology worked did DARPA decide to
provide a relatively small sum of funding. Now in my book, that
is not very high risk.

And how does this story end?

Well, just this week, DOE’s National Energy Technology Lab and
Boeing, the largest consumer of titanium in the world, joined the
Army in my office to discuss plans to rapidly scale-up the tech-
nology DARPA rejected in 2003.

And third, we tried to replicate DARPA at the Department of
Homeland Security, and did it work? Not according to most ac-
counts. If it didn’t work at DHS, why do we think it will work at
DOE where the private sector, rather than the government, will be
the primary customer?

Finally, I think it is important to note that ARPA-E was one of
20 recommendations in the National Academy of Sciences “Gath-
ering Storm” report, and it was the only one not to receive the
unanimous support of the Committee. Norm Augustine, who
chaired the NAS panel, testified to this fact before the Committee
in October of last year. And interestingly enough, opposition came
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from the one Member of the Committee with, arguably, the most
expertise in energy markets and the energy industry.

As the Chairman of the Energy Subcommittee, I take my respon-
sibility for overseeing the research and development programs at
the DOE very seriously. And I think that we need to find the right
solutions, not just any solution. If ARPA-E is the right solution, I
will support it. But to get to the right solution, we have an obliga-
ticzln to ask tough questions, and I think that is our purpose here
today.

I am anxious to hear this distinguished panel and to have them
share their insight with us. And I think they represent a wealth
of talent and expertise.

And with that, I yield back the balance of my time.

[The prepared statement of Ms. Biggert follows:]

PREPARED STATEMENT OF REPRESENTATIVE JUDY BIGGERT

Thank you, Mr. Chairman, and thank you for holding this hearing, for I know you
share my deep concern for our nation’s future energy security. I am pleased to be
working with you to examine this interesting proposal by the National Academies
of Science to support “transformational research that could lead to new ways of fuel-
ing the Nation and its economy.” On that goal, I see no debate.

However, I just don’t see how the creation of a new agency—a new bureaucracy
achieves this goal, even if it is patterned after the famed DARPA. I remain open
to the ARPA-E concept, but I will readily admit that I need some convincing.

Why am I so skeptical? Let me count the ways. First, it is not clear what prob-
lems we are trying to solve with the creation of an ARPA-E.

Is it a lack of private sector investment in long-term or basic research? If so, how
do we solve the problem by creating a brand new agency to distribute scarce federal
resources to companies to conduct research they wouldn’t otherwise conduct? Cor-
rect me if 'm wrong, but doesn’t the Academy’s version of ARPA-E put the Federal
Government in the position of picking what companies are winners?

Is it a lack of federal funding for high-risk, transformational research? If so, how
would you characterize DOE’s current FreedomCAR and Hydrogen Initiatives? How
about the President’s Global Nuclear Energy Partnership, or U.S. participation in
ITER, the international fusion experiment? I don’t know about my colleagues, but
I would put these in the category of high-risk, transformational research.

Is it a failure by the Department of Energy to effectively transfer new energy
technologies from the laboratory to the market? If so, wouldn’t it make more sense
to closely examine the legal and policy obstacles to the transfer of technology from
our universities, national laboratories, and other research institutions?

In short, is this a solution in search of a problem?

Second, this proposal to create an ARPA-E is largely based on the mythology of
the agencies—namely the myths that DARPA can’t do anything wrong, and that
DOE can’t do anything right.

Well, let me relay a story about a DARPA failing. A number of scientists in my
district developed a way to produce inexpensive, high-quality, titanium powder. You
would think any technology to improve the processing or reduce the cost of titanium
wou%d be of obvious value to the DOD because titanium is strong and lighter than
steel.

The scientists took their idea to DARPA, and DARPA turned them down. But they
knew they had a good idea. They brought their idea to Congressman Bartlett and
me. Despite the fact that the Army quickly recognized the “transforming” potential
of this technology, DARPA had to be convinced. Only after the scientists had ob-
tained private sector capital, built a pilot plant, and demonstrated that the tech-
nology worked did DARPA decide to provide a relatively small sum of funding. By
my book, that’s not very “high-risk.”

How does the story end? Well, just this week, the DOE’s National Energy Tech-
nology Laboratory and Boeing—the largest consumer of titanium in the world—
joined the Army in my office to discuss plans to rapidly scale-up the technology
DARPA rejected in 2003.

Third, we tried to replicate DARPA at the Department of Homeland Security. Did
it work? Not according to most accounts. If it didn’t work at DHS, why do we think
it will work at DOE, where the private sector—rather than the government—will
be the primary customer?
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Fourth, where exactly are we going to get the money for ARPA-E? Many of my
colleagues here today advocating for the creation of an ARPA-E couldn’t stop criti-
cizing the Administration just last month for failing to “adequately” fund such en-
ergy programs as energy efficiency and renewable energy. With growing demands
on our limited federal resources, is there really “new money” available for this agen-
cy? Realistically, no; the money will come from other basic and applied DOE re-
search programs.

Finally, I think it is important to note that ARPA-E was one of 20 recommenda-
tions in the National Academy of Science’s “Gathering Storm” report, and it was the
only one not to receive the unanimous support of the Committee. Norm Augustine,
who chaired the NAS panel, testified to this fact before the Committee in October
of last year. And, interestingly enough, opposition came from the one Member of the
Committee with arguably the most expertise in energy markets and the energy in-
dustry.

As Chairman of the Energy Subcommittee, I take my responsibility for overseeing
the research and development programs at the DOE very seriously. I can’t think of
anything more important to our national security, our economy, and our standard
of living than energy. And I know everyone here is genuinely interested in finding
solutions to our nation’s energy challenges.

But we need to find the “right” solutions, not just any solution. If ARPA-E is the
right solution, I will support it. But to get to the “right” solution, we have an obliga-
tion to ask tough questions. That’s my purpose here today.

I'm anxious for this distinguished panel to share their insight with us. You rep-
resent a wealth of talent and experience, and we are privileged to have you here
with us today. Thank you for participating. With that, I yield back the balance of
my time.

Chairman BOEHLERT. And let me congratulate the distinguished
Chair of the Subcommittee on Energy. She used exactly five min-
utes, her time.

Now here is the deal. We are told that about 11:20, 11:25, we are
going to have just one vote. I hope it is delayed even more, but our
hope would be that we could retain the panel, we would dash over
to vote, and come right back. And while you are inconvenienced,
but you have got a lot that we need to hear. And so—and secondly,
the Chair would recognize the Ranking Member of the Sub-
committee, who is not here at the time, he has another commit-
ment, and I will then recognize Mr. Gordon to consume that time,
but then we want to get to the witnesses.

Mr. GOrRDON. Thank you, Mr. Chairman. I will be brief. You were
generous in your allocation of my time in my opening statement,
so let me just follow along on a couple of things I was saying ear-
lier.

After the Chairman’s opening remarks, at 90 percent or more of
our hearings here, my opening remarks begin with “I agree with
the Chairman,” which is the case so often on so many things.

But I do feel compelled to point out that it is nice that he has
talked to the appropriators, but just spending money doesn’t help
if you don’t get it right. In the President’s budget, he dramatically
cut, on the way to doing away with, the 50-year program of math
and science education in the National Science Foundation. You
know, that is bad policy, in my opinion.

We need an authorization. I think we need to move forward here.
Two-thirds—I will remind everybody. Two-thirds of the Senate,
equally between Democrats and Republicans, have come together
in a base bill. And surely, they will make some changes as they go
forward, but they had a—it came out of the subcommittee yester-
day. So I think it is time for us to take some action.

Now I—the Chairman was very eloquent about the earlier
science forum that they had. I will remind you, the Democrats were



26

not invited to come. There was no effort to put our, hopefully,
somewhat thoughtful comments in there.

Now I signed on to a Republican bill yesterday, I do it almost
every day, to Duncan Hunter’s bill. You have got—you know, we
have got three bills before us now. You know. It is time to start
working together. You know, we can—it is time to stop studying.
This is—again, today is a little more controversial. Certainly, the
education bill shouldn’t. The train is going to move out if we don’t
get moving.

Thank you, Mr. Chairman.

Chairman BOEHLERT. Thank you very much.

I want to make sure that we have got a ticket on that train.

I will tell you what I tell my constituents. As you well know from
my record, oftentimes my view and my votes are somewhat dif-
ferent from the Administration position, and what I tell my con-
stituents, when you see me differ from the Administration, you can
assume the Administration is wrong.

[The prepared statement of Mr. Costello follows:]

PREPARED STATEMENT OF REPRESENTATIVE JERRY F. COSTELLO

Good morning. I want to thank the witnesses for appearing before our committee
to discuss the possibility of establishing an Advanced Research Projects Agency
(ARPA-E) in the Department of Energy.

The report released by the National Academy of Sciences (NAS) on October 12,
2005 entitled, Rising Above the Gathering Storm: Energizing and Employing Amer-
ica for a Brighter Economic Future, recommended the creation of an ARPA-E to
fund research that could lead to new ways of fueling the Nation and the economy.
I commend Chairman Boehlert and Ranking Member Gordon for holding this hear-
ing today because the recommendations this report issued will provide our com-
mittee with good policy options that ensure new ideas and innovation. I look for-
ward to learning more about APRA-E and how it would be structured.

The second component of the Augustine report focused on ways to enhance Amer-
ica’s competitiveness. In June of this year, Chairman Boehlert and Ranking Member
Gordon wrote to the NAS to endorse the Senate request for a study of “the most
urgent challenges the United States faces in maintaining leadership in key areas
of science and technology,” to provide advice and recommendations for maintaining
U.S. leadership in science and technology in the face of growing global competition.
Today, Americans are feeling the effects of globalization because a substantial por-
tion of our workforce finds itself in direct competition for jobs with lower-wage work-
ers around the globe. It comes as no surprise that high-tech jobs are being
outsourced to foreign countries like China and India. Without high-quality, knowl-
edge intensive jobs and the innovative enterprises that lead to discovery and new
technology, our economy will suffer and our constituents will face a lower standard
of living. I am very concerned about the issue of off-shoring and outsourcing and
how these trends will affect current scientists and engineers, as well as the future
employment opportunities and career choices of students.

Despite claims to the contrary by the Administration, the federal research and de-
velopment budget is not faring well, particularly the non-defense component which
has been flat for 30 years. In FY07, the Administration proposed a one percent
spending reduction in the federal science and technology budget. Reductions like
this continue to chip away at the U.S. research base and jeopardize our economic
strength and long-term technological competitiveness. Innovation does indeed drive
ouf economic growth, but we must have the research base to drive new energy tech-
nologies.

I welcome our panel of witnesses and look forward to their testimony.

[The prepared statement of Ms. Johnson follows:]

PREPARED STATEMENT OF REPRESENTATIVE EDDIE BERNICE JOHNSON

Thank you, Mr. Chairman and Ranking Member.
Our nation is experiencing an energy crisis. America’s dependence on oil has
begun to cripple its economy.
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As demand from developing nations such as China increases, simple economics
tell us the price of oil will increase.

More and more money must come out of hard-working Americans’ pocketbooks for
gasoline, and so they are spending less on other things.

All indicators agree that the price of oil will likely continue to go up. It is becom-
ing more apparent that national leadership will be required to push initiatives for-
ward to lessen our dependence on oil. Alternative fuels should be studied. More effi-
cient engines should be designed. There are many directions to take.

Private industry is not moving as quickly as it needs to be moving in the develop-
ment of alternative or more efficient fuels and engines. Therefore a proposal has
been made by leading research experts at the National Academy of Science for the
creation of an Advanced Research Projects Agency within the Department of En-
ergy—ARPA-E.

Ranking Member Gordon has proposed legislation based on the National Acad-
emy’s recommendation, and I am a co-sponsor.

This hearing comes at an opportune time, as Members of the Science Committee
are igterested to know the best way such a department would be organized and di-
rected.

I would like to thank our witnesses for being here today. The Committee will un-
doubtedly have many questions and benefit from your expertise and leadership in
cutting-edge research.

It is my hope that this hearing will help us as we provide the leadership nec-
essary to get our energy economy back on track.

Thank you, Mr. Chairman. I yield back.

[The prepared statement of Mr. Honda follows:]

PREPARED STATEMENT OF REPRESENTATIVE MICHAEL M. HONDA

I thank Chairman Boehlert and Ranking Member Gordon for holding this impor-
targ: }}1learing today, and I thank our distinguished witnesses for making the time
to be here.

I've been in enough hearings of this committee to know that most of us on this
committee, from both sides of the aisle, are on roughly the same page when it comes
to recognizing that our nation is faced with significant energy challenges in the fu-
ture and that science and technology will play an important role in addressing those
challenges.

Where we differ is in the details. Some of us would prefer to see more solar elec-
tricity generation, others nuclear, and still others clean coal. Should we focus on hy-
brids, hydrogen fuel cell vehicles, or liquid fuels produced from non fossil sources?
I could go on all day listing all of the options that are probably supported by one
member or another of this committee.

The breadth of these short lists makes it clear that how we approach energy in
the future is something we need to put a lot of thought into. Are we going to need
to focus on research dollars in some very basic areas to generate new knowledge?
Should we focus on bringing technologies that have already been invented within
DOE labs but which are currently sitting on the shelf into the marketplace? Do we
need to provide the private sector with assistance to overcome market failures?

Each of these approaches probably requires a different kind of program or agency
to implement it. At this point, we don’t know which one we are thinking about, so
it is essential that we talk about all of the possibilities. The ARPA-E model is one
of those options, and I've co-sponsored Ranking Member Gordon’s ARPA-E bill be-
cause I think it is an idea we should be talking about. I'll admit that in the wake
of a hearing we had about DARPA’s current directions in the area of computer
science I'm a bit wary of creating another organization like it that might lose its
way after being around for a long time, but if we take care we can design ARPA-
E to avoid those problems.

I look forward to hearing from our distinguished witnesses today, including my
friend and Nobel Laureate Dr. Steve Chu of Lawrence Berkeley National Lab, about
their thoughts on the directions we should be taking with our future energy policy.

[The prepared statement of Ms. Jackson Lee follows:]

PREPARED STATEMENT OF REPRESENTATIVE SHEILA JACKSON LEE

Let me first thank Science Committee Chairman Boehlert and Ranking Member
Gordon for holding this hearing today on the idea of an “Advanced Research
Projects Agency for Energy” (ARPA-E). Modeled after the Department of Defense’s
Defense Advanced Research Projects Agency, the goal of ARPA-E, under Congress-
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man Gordon’s proposition, would be to reduce U.S. foreign energy dependence by 20
percent over a 10-year period. The idea of ARPA-E is intended to implement the
recommendation of the National Academy of Sciences’ (NAS) report Rising Above the
Gathering Storm: Energizing and Employing America for a Brighter Economic Fu-
ture.

The idea of ARPA-E holds great potential, and if done right, the agency could
yield great returns in the future. As a Member of Congress who represents Houston,
often called the “Energy Capital of the World,” I am very interested in this matter.
Through the past year, I have been working with many of the companies in an effort
to get a better understanding of high gasoline prices and the many disruptions in
production caused by Hurricanes Katrina and Rita. These now infamous hurricanes
showed how vulnerable this country is to price spikes in our energy costs.

Hurricanes Katrina and Rita, as well as the war in Iraq, increased energy de-
mand from abroad. In addition, a host of other factors have contributed to sky-high
oil prices, and increased dependence on oil from abroad. Crude oil prices at one
point even exceeded $70 a barrel. Americans suffered greatly from the high cost of
gasoline, at one point being forced to pay over $3 a gallon at the pump in many
areas. And now that winter has arrived, the price of natural gas, and the subse-
quent cost of heating one’s home, has been exceedingly high.

The problem is further exacerbated when one considers our addiction to foreign
oil. In President Bush’s latest State of the Union address, he pointed out the United
States’ addiction to oil.

It is due to these reasons that I am so interested in the possibilities ARPA-E pro-
vides. We need a proactive, concerted effort to change the state of our energy policy
in the United States today, or things will only get worse. ARPA-E would support
high-risk, high pay-off research projects in energy technologies that could lead us
to new realms of energy production, usage and efficiency. New and daring research
must be conducted in the energy technology field; our economy depends on it, our
security depends on it, our independence depends on it, and our environment de-
pends on it. We need to be able to include the energy industry in the forward-think-
ing research opportunities that ARPA-E will make available. I look forward to the
Witrllesses sharing their visions of an ARPA-E that could actually accomplish these
goals.

Thank you Mr. Chairman, I yield the remainder of my time.

Chairman BOEHLERT. Now here we go to our witness list, and a
very distinguished panel that we have.

Dr. Steven Chu, Director of Lawrence Berkeley National Labora-
tory. Dr. Chu, good to have you here. Dr. David Mowery, William
A. and Betty H. Hasler Professor of New Enterprise Development
at the Haas School of Business, University of California at Berke-
ley. Dr. Mowery. And Ms. Melanie Kenderdine, Vice President,
Washington Operations for the Gas Technology Institute. Ms.
Kenderdine. Dr. Fernando Fernandez, President of F.L. Fernandez,
Inc. Dr. Fernandez. And Dr. Catherine Cotell, Vice President for
Strategy, University and Early Stage Investment at In-Q-Tel, and
as someone who has served for the eight years on the Intelligence
Committee, I know what In-Q-Tel is.

Dr. Chu, you are first up. Don’t be nervous when you see that
red light go on. It is an arbitrary—we want you to try to summa-
rize your statements in five minutes or so, but the Chair is a little
bit lenient. I mean, we have some of the most distinguished think-
ers in our country before us, and I am not going to limit you to 300
seconds. But the shorter your initial presentation is, the longer we
have to pick your brains. And boy, that is fertile territory for us.

Dr. Chu.

STATEMENT OF DR. STEVEN CHU, DIRECTOR, LAWRENCE
BERKELEY NATIONAL LABORATORY

Dr. CHu. Thank you, Chairman Boehlert, Ranking Member Gor-
don, Members of the Committee.
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I am Steven Chu, Director of Lawrence Berkeley National Lab-
oratory for 11% years. Before that time, I served at Stanford Uni-
versity in Bell Laboratories for a total of 26 years, and I was the
co-winner of the 1997 Nobel Prize in Physics.

I was privileged to serve under Norman Augustine as a member
of the committee that produced the report “Rising Above the Gath-
ering Storm.” And I come before you today as a representative of
the Augustine Committee, not the Department of Energy.

I thank you for providing me with the opportunity to contribute
to today’s discussion on the proposal for Advanced Research
Projects Agency-Energy, known as ARPA-E.

The Nation needs to develop clean, safe, secure, sustainable en-
ergy for three reasons: our national security is directly linked to
energy security; economic competitiveness is intimately tied to how
much energy costs and how efficiently it is used; and there are seri-
ous environmental concerns associated with energy usage from
local pollution to climate change.

Because of these concerns, I believe that the energy problem is
the single most important problem that has to be solved by science
and technology in the coming decades. At present, there appear to
be no magic bullets, and we need to follow a dual strategy. We
must improve efficiencies and use our energy more wisely. And I
will depart and say that that is primarily a question of regulation,
taxes, fiscal policy, and things of that ilk, but we also must develop
a diversified portfolio of investments to develop sustainable sources
of energy.

The Augustine Committee recommended the establishment of
ARPA-E as one of 20 recommendations. They want to provide
added opportunities to Department of Energy to develop new tech-
nologies to solve the energy problem. We conceived ARPA-E as an
organization reporting to the DOE under the Secretary of Science
that should achieve four objectives: one, bring a freshness and ex-
citement to energy research that will attract many of our best and
brightest minds, especially students and young researchers, includ-
ing those in the entrepreneurial world; two, focus on creative, out-
of-the-box, transformational research that industry cannot or will
not support due to its high risk but where success would provide
dramatic benefits for the Nation; three, utilize an ARPA-like orga-
nization that is flat, nimble, and sparse projects whose promise re-
mains real should be sustained while programs whose promise has
faded should be terminated; four, create a new tool to bridge the
gaps between basic energy research development and industry in-
novation.

The agency would perform no research itself but would fund
work conducted by universities, start-ups, established firms, and
national laboratories, and forge links between these research enti-
ties.

Another goal of ARPA-E is to bring teams of the best researchers
across departments and schools and to encourage the best and
brightest to pursue more applied work than they would normally
have pursued. It could also serve as a model of how to improve the
transfer of science and technology research in other areas that are
essential for our future prosperity.
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The Committee considered several models before deciding to use
ARPA as a template, and I have indicated in my written testimony
why we settled on ARPA as a guide. However, we believe the spe-
cific implementation is best determined by policy-makers in Con-
gress and by the Department of Energy.

Funding for ARPA-E would start at $300 million the first year
and increase to $1 billion per year over five or six years. And at
that point, the program’s effectiveness should be evaluated and ap-
propriate actions taken.

It is critical that funding of ARPA-E not jeopardize the basic re-
search supporting the Department of Energy’s Office of Science,
and I have to inject that I believe that part does do things right.

The Committee’s recommendations are prioritized and its top rec-
ommendation in the area of research is to increase funding for
basic research by 10 percent per year over the next seven years.
The Augustine Committee applauds the Administration’s American
Competitiveness Initiative.

We also applaud the courageous efforts of Secretary of Energy,
Sam Bodman, to make basic research activities a high priority in
the Department of Energy budget. The Augustine report strongly
recommends that support of ARPA-E come from new funding.

I also note that the number one priority of our report is to fix
K-12 science and mathematics education.

A critical factor in ARPA-E’s success is that funds be used to
fund ideas bubbling up from the bottom. By placing ARPA-E under
the Under Secretary of Science, the Committee believes that this
goal can be reached and the earmarking of funds can be avoided.

What research might be funded by ARPA-E?

Here are some examples.

The development of a new class of solar cells. Photovoltaic solar
cells using conventional semiconductor technology are efficient at
converting sunlight into electrical energy, but their fabrication
costs remain too high. Organic and polymer solar cells can be made
at low cost but have poor efficiencies and degrade in sunlight. One
promising avenue toward inexpensive, efficient, and long-lasting
solar cells is to create novel materials based on four or more ele-
ments that can be manufactured with thin-film technologies. An-
other approach is to create inexpensive, nano-particle devices that
can use different nanostructures for the conversion of sunlight into
electrical charges and for the collection of those charges. Another
avenue worth exploring is to combine photovoltaic electrical gen-
eration with novel, biologically-inspired, electrochemistry.

Biomass substitutes for oil. Ethanol for transportation is cur-
rently produced from sugar cane, corn, and other plants designed
for food. However, the most cost-effective bio-fuels will come from
the conversion of cellulose. If done right, bio-fuels produced in
America can have the potential of supplying us with enough oil
substitutes to eliminate foreign imports. The creation of crops
raised for energy will take—also take full advantage of our great
agricultural capacity.

ARPA-E can fund the creation of new plants by introducing doz-
ens of genes into existing plants. Recently, a team of scientists at
Berkeley Lab inserted many genes into bacteria to produce an ex-
tremely effective anti-malarial drug. The Gates Foundation has
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given this team $42 million to commercialize this technology at a
target cost below 25 cents a cure. Similar technologies can be used
to make plants self-fertilizing, drought-resistant, and pest-resist-
ant.

Research on more efficient conversion of cellulose into liquid fuel
will yield even greater dividends. Current methods use high tem-
perature, high acid processes that are very energy-intensive. The
breakdown of cellulose into ethanol is also accomplished with bac-
teria or fungi, but this process can be made much more efficient if
improved micro-organisms are developed.

I have listed several examples of what might be considered
ARPA-E-like research. Many of these ideas cut across disciplines.
The potential for ARPA-E, if designed and executed well, will yield
tremendous benefit.

Chairman Boehlert, Ranking Member Gordon, and Members of
the Committee, thank you for the opportunity to present the Na-
tional Academy’s recommendations before you. It has been a privi-
lege to working together to enable our nation to prosper in the 21st
century. I would be glad to respond to questions.

[The prepared statement of Dr. Chu follows:]

PREPARED STATEMENT OF STEVEN CHU

Chairman Boehlert, Ranking Member Gordon, Members of the Committee,

I am Steven Chu, Director of Lawrence Berkeley National Laboratory. Prior to my
current job, I was at Stanford University for 17 years and at AT&T Bell Labora-
tories for nine years. I was the co-winner of the 1997 Nobel Prize in Physics.

I was privileged to serve under Norman Augustine as a member of the National
Academy of Sciences, National Academy of Engineering, and Institute of Medicine’s
Committee on Prospering in the Global Economy of the 21st Century that produced
the report Rising Above the Gathering Storm: Energizing and Employing America
for a Brighter Economic Future. 1 come before you today as a representative of the
Augustine Committee, and not the Department of Energy.

Thank you for providing me with the opportunity to contribute to today’s discus-
sion on the utility of the committee’s proposal for the Advanced Research Projects
Agency—Energy (known as ARPA-E).

INTRODUCTION

We live in a truly magical time. With the flick of a finger, the power of 10 horses
flows from a small wire in the wall of our homes to clean our carpets. We go to
the local market under the pull of hundreds of horses and fly across our continent
with tens of thousands of them. Our homes are warm in the winter, cool in the sum-
mer and lit at night. We live well beyond the dreams of Roman emperors.

What has made all of this possible is our ability to exploit abundant sources of
energy. The worldwide consumption of energy has nearly doubled between 1970 and
2001. By 2025, it is expected to triple. The extraction of oil, our most precious en-
ergy source, is predicted to peak sometime in 10 to 40 years, and most of it will
be gone by the end of this century. What took hundreds of millions of years for na-
ture to make will have been consumed in 200 years. We have abundant forms of
fossil fuel such as coal, shale oil, and tar sands that will last for hundreds of years.
However, in my opinion, if the world substantially increases the generation of green-
house gases by relying heavily on fossil fuels, we run the risk of causing disruptive
climate change.

The Nation needs to develop clean, safe, secure, and sustainable energy for three
reasons:

1. Our energy security is directly linked to national security.

2. Economic competitiveness is intimately tied to how much energy costs, and
how efficiently it is used.

3. There are serious environmental concerns associated with energy usage from
local pollution to climate change.
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Because of these concerns, I believe that the energy problem is the single most
important problem that has to be solved by science and technology in the coming
decades. At present, there appear to be no magic bullets to solve the energy prob-
lem. While efficiencies play a huge role in defining how much energy we consume,
we must also have a diversified portfolio of investments to develop sustainable
sources of energy.

ARPA-E

The committee that developed the report, Rising Above the Gathering Storm, in-
cluded amongst its 20 recommended action steps, the establishment of the Advanced
Research Projects Authority—Energy (ARPA-E).

The committee intends ARPA-E to provide a new field of opportunity to the De-
partment of Energy as it works to develop new technologies to supply this nation
and the world, with safe, clean, affordable, secure, and sustainable energy. We sim-
ply must find energy supplies that will not degrade our environment. If we do not
do this, there will be no future prosperity.

We must take concerted action and make the investments necessary to enlist our
most talented researchers and innovators. Our committee, therefore, conceived
ARPA-E as an organization reporting to the DOE Under Secretary for Science that
can achieve four objectives:

1. Bring a freshness, excitement, and sense of mission to energy research that
will attract many of our best and brightest minds—those of experienced sci-
entists and engineers, and, especially, those of students and young research-
ers, including those in the entrepreneurial world.

2. Focus on creative “out-of-the-box” transformational energy research that in-
dustry by itself cannot or will not support due to its high risk but where suc-
cess would provide dramatic benefits for the Nation.

3. Utilize an ARPA-like organization that is flat, nimble, and sparse, capable
of sustaining for long periods of time those projects whose promise remains
real, while phasing out programs that do not prove to be as promising as an-
ticipated.

4. Create a new tool to bridge the gap between basic energy research, and de-
velopment/industrial innovation.

The agency would itself perform no research, but would fund work conducted by
universities, start-ups, established firms and national laboratories. Although the
agency would be focused on energy issues, it is expected that its work (like that of
DARPA or NIH) will have important spin-off benefits, including aiding in the edu-
cation of the next generation of researchers.

Another goal of ARPA-E is to bring teams of the best researchers across depart-
ments and schools to get the best results for the Nation. ARPA-E would provide
an incentive to encourage the best and brightest researchers to pursue more applied
work than they would normally pursue. It could also serve as a model for how to
improve the transfer of science and technology research in other areas that are es-
sential to our future prosperity.

The committee considered several models before deciding to focus on energy and
to use ARPA as a template. Among these were In-Q-Tel (which engages the entre-
preneurial community with technologies of potential interest to the intelligence com-
munity), HSARPA (the Department of Homeland Security Version of ARPA),
SEMATECH (a jointly funded research venture of the Federal Government and the
semiconductor industry), Advanced Technology Program (ATP), Small Business In-
novation Research program (SBIR), Civilian Technology Corporation (recommended
in a previous 1992 National Academies report chaired by Harold Brown), and Dis-
covery Innovation Institutes (recommended by a 2005 National Academies report
chaired by James Duderstadt).

In-Q-Tel is a fine model for its mission. However, the objective set out by the
Gathering Storm report is to perform research and to sponsor the early development
of transformational new approaches to energy. In-Q-Tel operates in a different con-
text. Its goal is not basic research, but the application of those ideas already in busi-
ness and to act as a bridge from one industry to another. On the other hand, the
goal of ARPA-E is to conduct applied research and to act as a bridge from basic
research to development of new technologies.

Also, In-Q-Tel has one customer, the Intelligence Community, with a well-speci-
fied set of mission activities that they want to accomplish differently or better. De-
veloping new energy technologies is an earlier-stage, much less focused activity. If
ARPA-E is successful, then technology transition will be from the research labora-
tory to small and large companies, not into the government. Arguments compel the



33

conclusion that DARPA is better model for ARPA-E where the challenge is to trans-
form U.S. energy dependence.

Three congressional bills, H.R. 4435, S. 2196, and S. 2197 call for the establish-
ment of ARPA-E. Although the National Academies do not endorse legislation, we
can say that each of these bills is harmonious with the general principles outlined
for ARPA-E in the Gathering Storm report. We believe the specifics of implementa-
%On are best determined by policy-makers in Congress and at the Department of

nergy.

FUNDING OF ARPA-E

Funding for ARPA-E would start at $300 million the first year and increase to
$1 billion per year over 5—6 years, at which point the program’s effectiveness would
be evaluated and any appropriate actions taken.

In funding ARPA-E, it is critical that its funding not jeopardize the basic research
supported by the Department of Energy’s Office of Science. The committee’s rec-
ommendations are prioritized and its top recommendation in the area of research
is to increase the funding for basic research by 10 percent per year over the next
seven years. The Augustine Committee applauds the Administration’s American
Competitiveness Initiative, particularly the courageous efforts of Secretary of En-
ergy Samuel Bodman, to make basic research activities a high priority in the De-
partment of Energy budget .The Augustine Report strongly recommends the support
of ARPA-E come from new funding.

I also note that the number one priority in our report is to fix K-12 science and
mathematics education.

A critical factor in ARPA-FE’s success is that the funds be used as wisely as pos-
sible to fund the best ideas. These ideas should bubble-up from the bottom and
should not be directed from the top. By placing ARPA-E under the Under Secretary
of Science, the committee believes that this goal can be reached and earmarking of
funds can be avoided.

WHAT RESEARCH MIGHT ARPA-E FUND?
Some examples of what ARPA-E might fund include:

1. The development of a new class of solar cells.

Photovoltaic solar cells using semiconductor technology can be very efficient at
converting sunlight into electrical energy, but the fabrication cost remains too high.
Organic and polymer solar cells can be made at low cost, but the efficiencies are
low and existing materials degrade in sunlight. One promising avenue towards inex-
pensive, efficient and long lasting solar cells is to create novel materials based on
multiple elements that can be manufactured with thin-film technologies. Another
approach is to create nano-particle devices (distributed junction solar cells) that use
different nanostructures for the conversion of sunlight into charge carriers and for
the collection of those charges onto electrodes.

2. Biomass substitutes for oil.

The ethanol for transportation is currently produced from sugar cane, corn or
other plants. However, the most cost effective bio-fuels will come from the conver-
sion of cellulose into chemical fuel. When the fuel is burned, CO; is released into
the atmosphere, but the overall cycle can, in principle, be carbon neutral. The cre-
ation of crops raised for energy will also take full advantage of our great agricul-
tural capacity.

ARPA-E can fund the creation of new plants to be grown for energy by incor-
porating a number of genes are introduced into plants. Recently, a team of scientists
at Lawrence Berkeley National laboratory inserted many genes into bacteria to
produce an extremely effective anti-malarial drug. The Gates Foundation has given
this team a $42 M grant to commercialize the technology so that the drug can be
made available to the developing world. Similar technology can be used to make
plants self-fertilizing, drought and pest resistant. Note that about 25 percent of the
energy input in growing corn comes from fertilizer, which is made from ammonia
derived from natural gas.

Research on more efficient conversion of cellulose into liquid fuel would also yield
great dividends. Current methods use the high temperature/high acid processes that
are very energy intensive. The breakdown of cellulose into ethanol is also accom-
plished with bacteria or fungi, but this process can be made much more efficient
if the micro-organisms are modified with these methods.

COMMITTEE’S QUESTIONS ABOUT ARPA-E

In your request asking me to testify at this hearing, you asked me to respond to
three questions about ARPA-E. I will now address each question.
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1) Should ARPA-E be designed more to foster directed basic research or to get prod-
ucts into the marketplace? If the focus were basic research, what steps would
ARPA-E or other entities have to take to affect the marketplace? If the focus were
technology transfer, what specific barriers would ARPA-E be designed to over-
come, how would it do so, and would that be the most effective way that govern-
ment could transform the energy marketplace?

The purpose of ARPA-E is not to get products into the marketplace, but to con-
duct the research necessary to transform the energy marketplace by creating plat-
form technologies. ARPA-E would identify and support the science and technology
critical to our nation’s energy infrastructure and act as the bridge between the basic
research, predominantly supported by the Office of Science and the more applied
areas.

The committee believes that there are great researchers and great ideas out there
which are not currently being utilized to address the Nation’s energy challenge. Be-
cause the benefits of long-term energy research would accrue to all, it is not nec-
essarily beneficial for one company to make the long-term investment needed for a
transformational technology today.

Historically, this role was served by the great industrial labs such as Bell Labs
which created devices such as the transistor. In the 1930s, there was a need to de-
velop a low-power, reliable, solid-state replacement for the vacuum tube used in
telephone signal amplification and switching. Materials scientists had to invent
methods to make highly pure germanium and silicon and to add controlled impuri-
ties with unprecedented precision. Theoretical and experimental physicists had to
develop a fundamental understanding of the conduction properties of this new mate-
rial and the physics of the interfaces and surfaces of different semiconductors. By
investing in a large-scale assault on this problem, the transistor was invented in
1948, less than a decade after the discovery that a semiconductor junction would
allow electric current to flow in only one direction. Fundamental understanding was
recognized to be essential, but the goal of producing a vacuum tube substitute was
kept front-and-center. Despite this focused approach, fundamental science did not
suffer: a Nobel prize was awarded for the invention of the transistor. During this
and t