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(1)

H.R. 5143, THE H–PRIZE ACT OF 2006

THURSDAY, APRIL 27, 2006

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON ENVIRONMENT, TECHNOLOGY, AND

STANDARDS,
COMMITTEE ON SCIENCE,

Washington, DC.

The Committee met, pursuant to call, at 9:30 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

H.R. 5143, the H–Prize Act of 2006

THURSDAY, APRIL 27, 2006
9:30 A.M.–11:30 A.M.

2318 RAYBURN HOUSE OFFICE BUILDING

1. Purpose
On Thursday, April 27, 2006, the House Science Committee will hold a hearing

on H.R. 5143, the H–Prize Act of 2006. The bill is intended to create a new incentive
to achieve scientific and technical breakthroughs required to make the transition to
a hydrogen economy.

2. Witnesses
Mr. Phillip Baxley is the President of Shell Hydrogen, L.L.C., a separate business
unit established by Shell in 1999 to pursue new business opportunities in hydrogen
fuel and fuel cells.

Dr. David Bodde is the Director of Innovation and Public Policy at Clemson Uni-
versity’s International Center for Automotive Research (ICAR). He was a member
of the National Academy of Engineering Committee on Alternatives and Strategies
for Future Hydrogen Production and Use, which issued the 2004 report The Hydro-
gen Economy: Opportunities, Costs, Barriers, and R&D Needs.

Dr. Peter Diamandis is the Chairman of the X Prize Foundation, a non-profit or-
ganization dedicated to fostering innovation through the use of competitions. The
foundation awarded its $10 million Ansari X Prize to promote the formation of a
commercial space flight industry. Prizes for genomics, energy and education are
under development.

Dr. David L. Greene is a corporate fellow of Oak Ridge National Laboratory with
the Center for Transportation Analysis, National Transportation Research Center.
He is an expert in transportation and energy policy issues.

3. Overarching Questions
The hearing will address the following overarching questions:

1. Are any changes needed in H.R. 5143?
2. Does H.R. 5143 provide the right incentives to address the most significant

technical barriers to the widespread use of hydrogen as a fuel source?
3. How can the Department of Energy (DOE) best use prize competitions to

complement more traditional research support mechanisms, including con-
tracts and grants, as a way to develop the hydrogen economy?

4. Brief Overview
On April 6, 2006, Research Subcommittee Chairman Bob Inglis; Science Com-

mittee Chairman Sherwood Boehlert; Environment, Technology and Standards Sub-
committee Chairman Vernon Ehlers; Congressman Roscoe Bartlett; Congressman
Michael McCaul; Congressman Daniel Lipinski; and nine other co-sponsors intro-
duced H.R. 5143, the H–Prize Act of 2006.

Inspired by the successful Ansari X Prize, which awarded $10 million to Burt
Rutan for sub-orbital space flight, the H–Prize is designed to accelerate the drive
to a hydrogen economy by creating an incentive for new, entrepreneurial players to
join the race to break down technical and other barriers to the advancement of hy-
drogen technologies.

The Science Committee, at the Administration’s request, created a prize program
for NASA in the NASA Reauthorization Act of 2005. The language of H.R. 5143 is
largely based upon that of the NASA Act (P.L. 109–155).

A summary of H.R. 5143 and a section-by-section analysis are included in Part
7 of this charter.
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1 The Science Committee and its Subcommittees have held numerous hearings on the use of
hydrogen since the announcement of the FreedomCAR Initiative by then-Secretary of Energy
Spencer Abraham on January 9, 2002. The FreedomCAR program was centered on fuel cell vehi-
cles, which use hydrogen as fuel.
The Full Committee held the following hearings:
February 7, 2002—Full Committee Hearing on The Future of DOE’s Automotive Research Pro-
grams
April 2, 2003—Full Committee Markup of H.R. 238, Energy Research, Development, Demonstra-
tion, and Commercial Application Act of 2003
March 5, 2003—Full Committee Hearing on The Path to a Hydrogen Economy
March 3, 2004—Full Committee Hearing on Reviewing the Hydrogen Fuel and FreedomCAR Ini-
tiatives
The Energy Subcommittee held the following hearings:
June 26, 2002—Subcommittee on Energy Hearing on FreedomCar: Getting New Technology into
the Marketplace
June 24, 2002—Subcommittee on Energy Field Hearing on Fuel Cells and the Hydrogen Future
There was one hearing held jointly with the Energy Subcommittee and the Research Sub-
committee:
July 20, 2005—Joint Hearing—Subcommittee on Energy and Subcommittee on Research—Fuel-
ing the Future: On the Road to the Hydrogen Economy
In addition, these programs were also subject to scrutiny during hearings on budget priorities
and within the Administration’s Climate Change Technology Program. Transcripts of these
hearings are available on the Committee website or from the Congressional Research Service.

Hydrogen gas is considered by many experts to be a promising fuel, particularly
in the transportation sector. When used as a fuel, its only combustion byproduct is
water vapor. The widespread adoption of hydrogen as a transportation fuel has the
potential to reduce or eliminate air pollution generated by cars and trucks.1

However, unlike harvested wood or mined coal, the hydrogen gas used as a fuel
is not a naturally occurring energy resource. Hydrogen must be produced from hy-
drogen-bearing compounds, like water or natural gas, and that requires energy—
and, unlike gasoline, more energy is always required to produce it than is recovered
when hydrogen is burned in a fuel cell. Hydrogen has the potential to reduce Amer-
ica’s dependence on foreign oil, but the degree to which hydrogen will displace for-
eign energy supplies depends on what energy source is used to generate hydrogen
gas in the first place.

If hydrogen can be produced economically from energy sources that do not release
carbon dioxide into the atmosphere—from renewable sources such as wind power or
solar power, from nuclear power, or possibly from coal with carbon sequestration,
then the widespread use of hydrogen as a fuel could make a major contribution to
reducing the emission of greenhouse gases.

While the promise of hydrogen is great, so are the technical challenges. Experts
suggest that major advances will be required across a wide range of technologies
for hydrogen to be affordable, safe, cleanly produced, and readily distributed. The
production, storage, and use of hydrogen all present significant technical challenges.
While DOE research programs have produced promising advances, those programs
are still a long way from meeting their goals of developing economically viable hy-
drogen technologies. Indeed, the American Physical Society in a 2004 report stated
that ‘‘no material exists today that can be used to construct a hydrogen fuel tank
that can meet the consumer benchmarks,’’ that is for affordably storing enough fuel
on-board a car or truck to enable a long enough ride between refuelings.
5. Issues
What could be gained by establishing a prize program to promote advances in using

hydrogen as a fuel?
Traditionally, DOE has relied upon established researchers in national labs, in-

dustry, and academia to carry out its mission of developing energy technologies for
use by the private sector. Most commonly, DOE identifies a technical hurdle and
then issues research solicitations of varying specificity. These solicitations detail the
type of technologies the agency wants to fund and the performance goals the agency
anticipates the technology will meet when introduced to the marketplace. For exam-
ple, DOE might issue a solicitation for automotive fuel cell technologies. Such a so-
licitation may include the requirement that the fuel cells be a particular type of fuel
cell, or may be targeted at known technical problems. Projects are then selected
against the criteria set out in the original solicitation. DOE may use grants, cooper-
ative agreements or contracts to carry out projects, and industrial participants are
required to share costs.
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2 Concerning Federally Sponsored Inducement Prizes in Engineering and Science, Steering
Committee for the Workshop to Assess the Potential for Promoting Technological Advance
Through Government-Sponsored Inducement Prizes in Engineering and Science, Washington,
DC: National Academy of Engineering (1999).

3 The best-selling book Longitude by Dava Sobel describes just such a case. John Harrison de-
veloped method for measuring exact longitude based upon a clock that kept time accurately even
during a ship’s pitching and rolling at sea. However, despite the proven test of his invention
at sea, the group administering the prize (the Board of Longitude) refused to award him the
prize money—which historians attribute to the Board’s domination by astronomers who favored
a rival, astronomy-based method of determining longitude.

Prizes would presumably involve less direct DOE involvement in day-to-day re-
search activities than would any of the traditional technology development routes.
Instead, DOE would offer a prize for the development of a particular technology or
for a particular achievement, and then would wait to see what contestants produced.
Proponents of prizes argue that this would be less costly and less bureaucratic, and
might spur more creative thinking. In addition, they argue that inventors and entre-
preneurs (as opposed to national labs or major energy companies) would be more
inclined to compete for a prize than compete for more traditional grants and con-
tracts.

Proponents of prizes further argue that traditional peer review processes tend to
favor proposals that seem safe over those that may produce surprising and poten-
tially more innovative results. Many have commented—in a wide variety of con-
texts—that the federal procurement system can be intolerant of risk, and can place
costly bureaucratic demands on private-sector contractors.

Other advocates cite prizes as having additional benefits. Prizes are seen as mobi-
lizing much more private capital than matching grants, since numerous contestants
all spend their own money on technology development while they vie for the same
funds. (Traditional grant processes usually have at most a one-to-one funding
match.) Prizes allow the Federal Government to shift much of the risk and the fi-
nancial burden of technology development from the government to the contestants.
For some, the most important aspect of prizes is their ability to educate, inspire,
and mobilize the public for scientific, technological, and societal objectives.

How does a prize program need to be structured to be successful?
Prize contests can be less clear-cut than they first appear. Problems can develop

in the design of the contest, the selection of a winner, and in the aftermath. A Na-
tional Academy of Engineering (NAE) panel examining the use of prizes by federal
agencies2 suggested the following design principles for prize programs:

• Treatment of intellectual property resulting from prize contests should be
properly aligned with the objectives and incentive structure of the prize con-
test.

• Contest rules should be seen as transparent, simple, fair, and unbiased.
• Prizes should be commensurate with the effort required and goals sought.

DOE would have to design its prize contests carefully. The goal for which the
prize was being awarded would have to be clearly enough described that contestants
(and DOE) had a firm sense of what DOE was seeking and why. On the other hand,
too detailed a description by DOE would limit the kinds of ideas that a contest could
yield. A very detailed description would not end up being much different than con-
tract specifications.

The selection of a prize winner can also be difficult. Judges need to be open to
unexpected ideas. There are historical examples of revolutionary ideas losing prize
contests because the judges were not open to unexpected ways of achieving the stat-
ed goals.3 Decisions also need to be made about who is allowed to compete for a
prize. For example, H.R. 5143 does not allow federal employees to compete except
on their own time. It is silent on whether entities receiving federal funding can com-
pete. Should entities that are already receiving federal backing be able to compete
for a federally funded prize?

The award of a prize does not guarantee, by itself, that the social benefits of the
technology will be realized or that the technology will be commercialized. In the
wake of the award of any prize, DOE would not be the entity to decide how to put
a winning idea into actual use. A prize winner might not have the financial where-
withal or even the technical capacity to actually turn their winning idea into a via-
ble product. It may therefore be necessary for DOE to take additional actions to pro-
mote technologies after the award of prizes.
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Finally, it is unclear whether prizes would be a less costly way of doing business
once all the costs DOE would have to incur in running a successful contest are
taken into account.

How dependent upon prizes should DOE be for the development of critical tech-
nologies?

Prizes are being proposed as a supplement to, not a substitute for traditional
R&D programs. Indeed, H.R. 5143 makes that point explicitly in the last section of
the bill. Traditional programs are especially important if developing a specific tech-
nology on a specific timetable is critical to a DOE objective, such as development
of a coal-fired power plant with zero carbon emissions. The timing of technology de-
velopment may be easier to control through traditional solicitations and research
awards.

What kinds of goals are appropriate for prize contests?
Prizes benefit from clear-cut goals. In general, the more complex the goal of a con-

test, the more complex DOE’s role would likely be. (For example, evaluating a set
of integrated technologies that radically change hydrogen distribution and use is a
more demanding undertaking than evaluating the performance of a hydrogen stor-
age tank.) At some point, the complexity might eliminate the advantage of a contest
over traditional means of technology development. If appropriately designed, prize
contests can reveal important information, particularly about the failures that
emerge upon integration of subsystems, that can inform the plans and priorities of
the Department’s on-going hydrogen research program.

How large does a prize need to be to induce investment?
One of the key objectives of some prizes is to induce investment. Often, the pres-

tige of having won the prize is seen as having greater value than the prize itself.
Winning contestants, as in the Ansari X Prize, have been known to spend more in
an effort to win a prize than they gained from the prize itself, and several contest-
ants that did not win also invested. Thus, the prize level must be high enough to
garner attention and prestige. But at the same time the prize amount must be real-
istic enough to be appropriated. Also, if there is a limited pool of potential contest-
ants, even a large prize may not induce more investments.

6. Background
Prizes

There are two types of technology prizes: recognition and inducement prizes. Rec-
ognition prizes are post-facto prizes, intended to reward a past accomplishment. The
Nobel Prizes are the most famous prizes of this type. Inducement prizes are award-
ed to an individual or group who has the best entry in a defined contest or who
first meet some specified technical goal.

The NAE report specifically recommended that federal agencies experiment with
inducement prizes. Among other things, inducement prizes may best serve ‘‘to
‘stretch’ the state of the art in technology.’’ As an example, the Defense Advanced
Research Projects Agency awarded $2 million in 2004 for its Grand Challenge Prize
to Stanford University researchers for their design and construction of an autono-
mous ground vehicle that was able to navigate a 131.2 mile course through the Mo-
jave Desert.

Typically, inducement prize contests are either best-entry contests or goal-ori-
ented contests.

H.R. 5143 includes both types of prizes. In a best-entry contest, a prize is given
for the best entry submitted during a given time period, even if the winning entry
in a given year falls short of the ultimate technical objective. DOE’s Solar Decathlon
competition, held on the National Mall last summer, is a good example in the en-
ergy R&D arena. Decathlon teams must design and build fully-functioning houses
powered exclusively by the sun.

By contrast, goal-oriented contests have a clear technical objective. The prize is
awarded only if a pre-determined goal is met and verified. The $10 million Ansari
X Prize was awarded in 2004 after SpaceShipOne, a privately built three-person
craft, made a required second flight 62 miles (100 km) above the surface of the
Earth within a two-week period. The ability to meet a bright-line technical objective
does not necessarily guarantee economic viability.

Inducement Prizes can be divided further into four different types of objectives:
• New or Best Invention prizes reward the first new technology or technique

that meets some technical objective. The Ansari X Prize falls in this category.
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4 The Solar Decathlon was the subject of a November 2, 2005 Energy Subcommittee hearing,
Winning Teams and Innovative Technologies from the 2005 Solar Decathlon.

• New Application prizes reward refining or integrating existing technologies to
meet a new objective. The previously mentioned DARPA Grand Challenge
Prize is this type of prize.

• Performance Improvement prizes reward improving the performance of an ex-
isting product used for an existing application.

• Technology Diffusion prizes reward the diffusion of new innovation, for exam-
ple requiring that a specified number of units be sold in the commercial mar-
ketplace.

H.R. 5143 contains three prizes. The first is a set of $1 million prizes for advance-
ments in hydrogen storage, hydrogen production, hydrogen use and hydrogen dis-
tribution. This is a best-entry contest that rewards performance improvements. The
second prize rewards prototypes that meet objective contest criteria established in
advance. This is a $4 million goal-oriented contest for a new application, namely the
use of hydrogen in vehicles or other energy use applications. The third prize is a
$10 million goal-oriented contest for the best invention that leads to trans-
formational changes in the distribution or production of hydrogen. Winners of the
third prize would become eligible for up to $90 million in matching funds for every
dollar of private funding raised by the winner for commercialization of their winning
technology.
Existing Energy Prizes

Section 1008 of the Energy Policy Act of 2005 authorizes DOE to spend $15 mil-
lion to carry out a more general prize program for ‘‘grand challenges of science and
technology’’ including to reduce U.S. dependence on foreign oil. DOE is said to be
studying this authority for use in the hydrogen arena. In addition, the Federal Gov-
ernment already operates a number of competitions and contests in the energy R&D
area. For example, DOE’s Solar Decathlon, mentioned above, is a best-entry ‘‘de-
sign’’ competition.4 Entrants must provide enough solar power to perform all the
functions Americans have come to expect at home—washing clothes, running the
dishwasher, powering computers, and, of course, maintaining a comfortable tem-
perature. Winners are selected in subcategories—architecture, livability, comfort,
power performance, etc.—and an overall winner is determined as well. Competitions
of this type are often particularly useful for demonstrating how a technology can
be incorporated into a commercially attractive product. In fact, the University of
Colorado’s winning BioS[h]IP house was designed for and will be delivered to a cli-
ent.

As with the Solar Decathlon, many existing energy R&D prize competitions focus
on student competitions. In DOE’s Future Truck competition, teams of students
from 15 top North American universities refined their re-engineered Ford Explorers
to achieve lower emissions and at least 25 percent higher fuel economy, without sac-
rificing performance, utility, safety, and affordability. DOE and Natural Resources
Canada help sponsor the North American Solar Challenge, a competition to design,
build, and race solar-powered cars. Solar Challenge teams, primarily from univer-
sities, compete in a 2,500 mile race from Austin, Texas to Calgary, Alberta. A num-
ber of American Solar Challenge teams go on to compete in the biennial World Solar
Challenge—a 3,000 kilometer (1,863 miles) race across Australia. And the American
Forest and Paper Association and DOE Office of Industrial Technologies have spon-
sored student competitions to find novel uses for the more than two billion tons of
waste every year produced by the forest products industry.

In at least one recent case, a government-sponsored energy competition involved
industry contestants. The California Energy Commission and the Environmental
Protection Agency’s ENERGY STAR program jointly sponsored Efficiency Challenge
2004, an international design competition for energy efficient AC/DC power supplies.
In two award categories, power supplies were judged on different criteria. The mar-
ket-ready category weighed practical factors such as power supply cost and pack-
aging, along with energy efficiency. In the open category, power supplies entered
were evaluated without any cost or packaging constraints. This latter category was
intended to showcase the most efficient power supply designs from both industry
and academia.
Hydrogen

In his 2003 State of the Union speech, President Bush announced the creation of
a five-year, $1.2 billion Hydrogen Fuel Initiative, which built on the FreedomCAR
initiative announced in 2002. Together, the initiatives aim to enable the transition
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5 The Hydrogen Initiative, APS Panel on Public Affairs, Washington, DC: The American Phys-
ical Society (March 2004).

6 The Hydrogen Economy: Opportunities, Costs, Barriers, and R&D Needs, Committee on Al-
ternatives and Strategies for Future Hydrogen Production and Use, Washington, DC: National
Research Council and the National Academy of Engineering (2004).

to a hydrogen-based transportation economy, by developing technologies for the pro-
duction, transportation and distribution of hydrogen, and the vehicles that will use
the hydrogen. Fuel cell cars running on hydrogen would emit only water vapor from
the tailpipe and, if domestic energy sources were used to produce the hydrogen,
would not be dependent on foreign fuels. The Administration has requested $289.5
million for the Hydrogen Fuel Initiative in Fiscal Year (FY) 2007, an increase of
$41.8 million over the FY 2006 funding level. Federal funding for the Hydrogen Ini-
tiative totals $631.7 million for FY 2004–2006, about 52 percent of the proposed ini-
tiative. Of that total, $121.5 million (19 percent) has been earmarked by Congress
for specific projects.

Major advances are needed across a wide range of technologies if hydrogen is to
be affordable, safe, cleanly produced, and readily distributed. The production, stor-
age and use of hydrogen all present significant challenges.

• Lowering the cost of hydrogen: At present, hydrogen (when produced from
its most affordable source, natural gas) is three to four times more expensive
to produce than gasoline. Current DOE research efforts seek to lower that
cost enough to make fuel cell cars cost-competitive with conventional gasoline-
powered vehicles by 2015; and to advance the methods for producing hydro-
gen from renewable resources, nuclear energy, and coal.

• Creating effective hydrogen storage: Current hydrogen storage systems
cannot deliver the vehicle driving distance that automakers say consumers
demand. New technology is needed.

• Creating affordable hydrogen fuel cells: Fuel cell-based propulsion is now
up to 10 times more expensive than internal combustion engines. A major
goal of current DOE research efforts is to reduce the cost of fuel cell propul-
sion to affordable levels.

Analyses of the Hydrogen Fuel Initiative by the American Physical Society (APS) 5

and the National Academies of Science (NAS) 6 note that meeting the goals of the
overall hydrogen initiative will require fundamental breakthroughs—not just incre-
mental improvements. For example, storing hydrogen gas requires too large a vol-
ume for practical on-board storage in vehicles. New materials would be required to
store hydrogen in more condensed form and release it when needed—a very difficult
technical problem. The APS study states, ‘‘No material exists today that can be used
to construct a hydrogen fuel tank that can meet the consumer benchmarks.’’ The
NAS estimated that fuel cells themselves would need a ten- to twenty-fold improve-
ment before fuel cell vehicles become competitive with conventional technology. Cur-
rent fuel cells wear out quickly, and lifetimes are far short of those required to com-
pete with a gasoline engine. Large improvements have been made since the NAS
report was released, but additional improvements are still needed. DOE estimates
that roughly a five-fold decrease in fuel cell cost will be required, while at the same
time increasing performance and durability.

Both reports recommended changes to the hydrogen initiatives, particularly argu-
ing for a greater emphasis on basic, exploratory research because of the significant,
perhaps insurmountable, technical barriers that must be overcome. DOE has re-
sponded, in part, by expanding the hydrogen program to include work in the Office
of Science focused on design of new catalysts, solar hydrogen production, and the
study of ion transport in fuel cell membranes.

Even if the technology advances to a point at which it is competitive, the transi-
tion to a hydrogen economy will require an enormous investment to create a new
infrastructure. Changes in regulation, training and public habits and attitudes will
also be necessary. Estimates of the cost of creating a fueling infrastructure (replac-
ing or altering gas stations) alone are in the billions of dollars.

As currently envisioned, the transition won’t happen quickly. According to the
NAS study, significant sales of hydrogen vehicles are unlikely before 2025 even
under the most optimistic technology assumptions.
7. Section-by-Section Description of H.R. 5143

Section 1. Short Title.
The H–Prize Act of 2006.
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Sec. 2. Definitions.
Sec. 3. Prize Authority.

Requires the Secretary of Energy to create a prize to advance the research, devel-
opment, demonstration and commercial application of hydrogen energy technologies.

Requires the Secretary to advertise the prize competitions widely to encourage
broad participation, including a specific direction to announce the prize competitions
through publication of a Federal Register notice. Requires the Secretary to enter into
an agreement with a private, non-profit entity to administer the prize competitions.
Authorizes the Secretary to use funding directly appropriated for such purposes to
DOE or other agencies and to accept funds provided by private entities or individ-
uals. Prohibits the announcement of any prize competition until sufficient funds are
available. Sunsets the authority to award prizes in 2017.
Sec. 4. Prize Categories.

Defines prize categories for:
(1) Components or Systems. Establishes up to four $1 million prizes awarded

every other year to the best technology advancements in components or sys-
tems related to hydrogen production, hydrogen storage, hydrogen distribu-
tion, and hydrogen utilization. Provides the Secretary the discretion to re-
duce the amount or number of prizes based upon the availability of funds.

(2) Prototypes. Establishes one $4 million prize for prototypes of hydrogen-
powered vehicles or hydrogen-based products that best meet or exceed objec-
tive performance criteria. Awards prototype prizes in years alternate with
the technology advancements prize. Prohibits the Secretary from awarding
the prize if no entrant meets the objectively defined performance criteria.

(3) Transformational Changes. Establishes a $10 million prize for trans-
formational changes in technologies for the production and distribution of
hydrogen that meet or exceed far-reaching objective criteria. Authorizes the
Secretary to provide up to $90 million more in matching funds for every dol-
lar of private funding raised by the winner for the continued development
of their winning technology. Authorizes prize winners to accept these addi-
tional funds as cash or as a government contract equivalent to the prize
amount. Limits the total award to $100 million.

Requires the Secretary to establish contest criteria through consultation with the
Hydrogen Technical Advisory Committee, other federal agencies including the Na-
tional Science Foundation, and private organizations including the National Acad-
emy of Sciences. Requires the Secretary to appoint contest judges from the private
sector and agencies outside DOE. Excludes judges who may have a personal or fi-
nancial relationship with any contest participant.
Sec. 5. Eligibility.

Requires contestants to register through the process published in the Federal Reg-
ister. Requires contestants be incorporated and maintain a primary place of business
in the U.S. if a private entity, or must be a U.S. citizen if an individual. Excludes
from participation any federal entities or federal or national lab employees while on
duty.
Sec. 6. Intellectual Property.

Waives claims by the Federal Government to any intellectual property rights de-
rived from participation in the prize competitions.
Sec. 7. Liability.

Requires contestants to waive claims against the Federal Government resulting
from participation in prize competition activities. Requires contestants to have li-
ability insurance against damages resulting from participation in any prize competi-
tion activity and to name the Federal Government as an additional insured entity.
Sec. 8. Authorization of Appropriations.

Authorizes $55 million for each of fiscal years 2007 through 2016. Limits the use
of appropriated funds for administrative expenses to no more than $1 million in any
fiscal year.
Sec. 9. Nonsubstitution.

Expresses a sense of the Congress that the prize competitions shall not act as a
substitute for any R&D programs.
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8. Witness Questions
Mr. Phillip Baxley , Dr. David Bodde, Dr. David L. Green

• Are there any changes you would recommend making to H.R. 5143?
• Does H.R. 5143 provide the right incentives to address the most significant

technical barriers to the widespread use of hydrogen as a fuel source?
• How can the Department of Energy (DOE) best use prize competitions to com-

plement more traditional research support mechanisms, including contracts
and grants, as a way to develop the hydrogen economy?

Dr. Peter Diamandis

• Are there any changes you would recommend making to H.R. 5143?
• What are the advantages of using prize programs to encourage technological

progress in areas like the use of hydrogen as a fuel source?
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Chairman BOEHLERT. The Committee will come to order.
I want to welcome everyone here today for what has turned out

to be a very auspiciously timed hearing.
Suddenly, the whole Nation is focused on gas prices and in a

panic on our ‘‘addiction to oil’’ and the Congress is in a panic trying
to figure out how to respond. Our options in the immediate future
are limited, but our options in the mid- and long-term are not. And
unless we exercise those options, we are going to lurch from oil cri-
sis to oil crisis and each one is going to get worse, and the toll on
our economy will grow. The future will be grim if we don’t act now.
If we fail to act now, we will have to pay later.

There are many steps we need to begin to take. For starters, we
need to reduce demand by means such as imposing tighter fuel
economy standards. That is a mantra for me, and I suppose people
are getting a little bit used to me repeating that over and over, but
it is an issue whose time has come. But over the longer run, we
need to find ways to run our transportation system on substances
other than petroleum, including biofuels and, perhaps, hydrogen.

The hydrogen economy holds out great promise, but it also pre-
sents great hurdles. We are pretty far away from knowing how to
create, store, distribute, and use hydrogen cleanly and efficiently.
We need to devote all of the ingenuity we can muster to attack this
problem.

That is why I was so pleased when Chairman Inglis introduced
H.R. 5143, an innovative approach to encouraging innovative re-
search. The bill is carefully crafted to encourage ongoing work that
can lead to incremental improvements in hydrogen technology, and
to draw more scientists and engineers into trying to remove the
highest hurdles on the hydrogen highway.

We know from history that prizes can help solve tough technical
problems. And this committee has a record of promoting the use of
prizes; we created the highly successful Malcolm Baldrige Award
and most recently we established a prize program at NASA. Prizes
can draw more money and more people into the search for technical
solutions, and they can provoke more inventive thinking.

Now, no one is suggesting that this prize substitute for the exist-
ing hydrogen R&D programs, which the President and this com-
mittee have strongly supported. Those programs are necessary to
make sure the Nation has a cadre of experts engaging in ongoing
work in this area. But we can expand the pool of financial and
human resources further with prizes.

So I am eager to hear today from our experts on the specifics of
the bill. I expect that this bill will move through the House swiftly,
and we want to make sure we have got this program written in ex-
actly the right way. We also have to examine the funding levels in
the bill: we want them high enough to make a difference, but not
any higher than that, given how tight the federal budget is. My
guess is that the top prize could be reduced to $10 million without
reducing the program’s impact.

But while we work out the details, we shouldn’t miss the larger
message. This committee is committed to moving forward with new
ways to promote new technologies, and I think the H–Prize fits
that bill.
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I congratulate Mr. Inglis for proposing it, and as a matter of fact,
I have nominated him personally for the X Prize for Legislative Ini-
tiative. And I want to congratulate him for working so closely with
the Committee in drafting this bill.

And I will yield the remainder of my time to Chairman Inglis.
[The prepared statement of Chairman Boehlert follows:]

PREPARED STATEMENT OF CHAIRMAN SHERWOOD L. BOEHLERT

I want to welcome everyone here today for what has turned out to be a very aus-
piciously timed hearing.

Suddenly, the whole Nation is focused on gas prices and our ‘‘addiction to oil’’ and
the Congress is in a panic trying to figure out how to respond. Our options in the
immediate future are limited, but our options in the mid- and long-term are not.
And unless we exercise those options, we are going to lurch from oil crisis to oil cri-
sis and each one is going to get worse, and the toll on our economy will grow. The
future will be grim if we don’t act now.

There are many steps we need to begin to take. For starters, we need to reduce
demand by means such as imposing tighter fuel economy standards. But over the
longer-run we need to find ways to run our transportation system on substances
other than petroleum, including biofuels and perhaps hydrogen.

The hydrogen economy holds out great promise but it also presents great hurdles.
We are pretty far away from knowing how to create, store, distribute and use hydro-
gen cleanly and efficiently. We need devote all the ingenuity we can muster to at-
tack this problem.

That’s why I was so pleased when Chairman Inglis introduced H.R. 5143—an in-
novative approach to encouraging innovative research. The bill is carefully crafted
both to encourage ongoing work that can lead to incremental improvements in hy-
drogen technology, and to draw more scientists and engineers into trying to remove
the highest hurdles on the hydrogen highway.

We know from history that prizes can help solve tough technical problems. And
this committee has a record of promoting the use of prizes; we created the highly
successful Malcolm Baldrige Award and most recently we established a prize pro-
gram at NASA. Prizes can draw more money and more people into the search for
technological solutions and they can provoke more inventive thinking.

Now, no one is suggesting that this prize substitute for the existing hydrogen
R&D programs, which the President and this committee have strongly supported.
Those programs are necessary to make sure the Nation has a cadre of experts en-
gaging in ongoing work in this area. But we can expand the pool of financial and
human resources further with prizes.

So I’m eager to hear from our experts today on the specifics of the bill. I expect
that this bill will move through the House swiftly, and we want to make sure we’ve
got this program written in exactly the right way. We also have to examine the
funding levels in the bill: we want them high enough to make a difference, but not
any higher than that, given how tight the federal budget is. My guess is that the
top prize could be reduced to $10 million without reducing the program’s impact.

But while we work out the details, we shouldn’t miss the larger message. This
committee is committed to moving forward with new ways to promote new tech-
nologies. I think the H–Prize fits that bill.

I congratulate Mr. Inglis for proposing it and for working so closely with the Com-
mittee in drafting his bill. And I will yield the remainder of my time to him. Mr.
Inglis.

Mr. INGLIS. And that is the prize that I get, and I thank you very
much, Mr. Chairman, for yielding to me. Thank you very much for
holding the hearing as well.

I thought I would show just a couple of slides, because I know
a picture is worth a thousand words.

[Slide.]
We know that we have got some surface waves about interrup-

tions in supply, and those are causing some of our price increases.
But underlying those surface waves is this sea of rising demand.
That is a gas line at a gas station in China. We expect—Exxon
Mobil says within the next—well, about 2030, worldwide energy de-
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mand will increase by 60 percent. That will necessitate a 40 per-
cent increase, says Exxon Mobil in their report, in OPEC oil pro-
duction. Even if they have got it, do we really want to be that
much more dependent on them?

So the question is how to move to something else, how to break
this addiction to oil. Our goal has been to develop the most non-
governmental way for the government to help achieve the result of
breaking through to hydrogen. So the idea is to take the ‘‘can-do’’
American spirit, put it with the prize and the recognition of win-
ning the prize, some financial incentives, and hopefully bring the
best and the brightest to bear on these technological challenges.

As we have proposed it, there would be a million-dollar prize
every other year for breakthroughs in production, storage, distribu-
tion, and utilization of hydrogen, every other year a $4 million pro-
totype prize, and then within 10 years, if you can transform from
well to wheels the—our use of hydrogen, you would get $100 mil-
lion. But since this is a non-governmental approach, it wouldn’t ex-
actly be $100 million. It would be $10 million in cash and then up
to $90 million, dollar-for-dollar match for your venture capital. So
it is a way of testing to see if the market agrees that you have got
a product to sell. If you don’t, and you can’t find $90 million worth
of venture capital, then you don’t get the $90 million. It is a way
of getting all of the way to the government’s interest, which is a
product on the market. We are not interesting in developing tech-
nology and putting it on the shelf. The government’s interest is to
get all of the way to the market.

We have done it before, as the Chairman alluded to that we have
had prizes before and very successful prizes. The Transcontinental
Railroad involved some prizes, if you will, given to the railroad
companies, cash, stipends, $48,000 a mile, plus 33 million acres of
land given to those companies. So we can do this, because we have.
We have also done it before with flight—transatlantic flight, the
Orteig Prize was won by Charles Lindbergh. It rewarded his going
across the Atlantic and back. And then, of course, as we will hear
from Peter Diamandis, we are going to hear about the wonderful
work of the Ansari X Prize. This is, of course, the—a picture of
Burt Ratan’s SpaceShipOne, which was the first one to go into
space and back within a two-week period.

So, Mr. Chairman, I would thank you again, for holding the
hearing and for advancing the bill. I think we have got to break-
through to hydrogen. We can, because we must. And I thank you
for yielding.

[The prepared statement of Mr. Inglis follows:]
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Chairman BOEHLERT. I thank you very much. And now you know
why, my colleagues, I have nominated Chairman Inglis for the X
Prize for Legislative Initiative.

Now, Mr. Lipinski.
Mr. LIPINSKI. Thank you, Mr. Chairman.
I—as—keeping with usual here, would like to certainly associate

myself with all of the comments of the Chairman of the Committee
and also with Mr. Inglis. I would like to thank Mr. Inglis for his
leadership on this very important issue and I am pleased to be
here for the hearing on Mr. Inglis’ H–Prize Act of 2006. I would like
to welcome the witnesses and look forward to hearing all of your
testimony. And I apologize that I am going to have to leave early,
because I have other commitments to be at after this.

Energy is on the mind of all Americans right now, especially with
them being very upset about the current gas situation. Gas prices
have risen to record highs, and oil companies are reporting record
profits.

Our natural gas prices concern many of my constituents in Chi-
cago this winter. And for some families, it makes hard choices to
keep their heat on during the coldest months. We can be thankful
it was a relatively mild winter in Chicago, but that may be a bad
sign related to global climate change.

We are also becoming increasingly aware of the threats posed to
our national security by our continued reliance on foreign fossil
fuels. Our main proposal in the Congress is to help relieve the
pressure of energy prices. These range from short-term solutions,
such as ending tax subsidies for oil companies or easing various
regulations, to long-term approaches like research in hydrogen fuel,
biofuels, and other renewables.

No one idea or program is going to solve all of our energy prob-
lems, but if we do not start to assemble the tools and build an en-
ergy model for the future, we will be no better 20 years from now
than we are today. We will likely be much worse off.

An economy based on energy outside the fossil fuels is no longer
implausible, but to get there, we must invest in research and devel-
opment now to be able to sustain our economy. Research grants are
a basis of this process, but we, in Congress, have a responsibility
to find creative and new ways to inspire researchers, business lead-
ers, and our youth to solve the problems their society faces.

One such example of innovative thinking is a bill introduced by
Ranking Member Gordon that replicates the successful DARPA
program model and puts it to work in the Department of Energy.
H.R. 4435, which I am proud to support, would establish a new
ARPA–E function at DOE to speed the commercialization of inno-
vative energy ideas and help reduce our dependence on foreign
fuel.

Today’s legislation, H.R. 5143, seems to inspire researchers, en-
trepreneurs, and other competitive spirits in an effort to find spe-
cific solutions to the major challenges facing development and com-
mercialization of hydrogen fuel. The H–Prize will help expand the
possibilities of hydrogen research, promoting people not normally
involved in the federal research and development to explore one of
the greatest challenges facing us today. This prize will help us take
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advantage of America’s greatest resource, our ingenuity and our
creativity, in order to tackle the problems before us.

We have some of the best and brightest minds in the world in
the United States as well as an economy that supports and encour-
ages entrepreneurship, and the H–Prize will focus our inventive-
ness to address the greatest challenge that faces our country.

Hydrogen holds enormous potential as the base of our future
economy, a potential we cannot and must not ignore.

Again, I thank Mr. Inglis for introducing this legislation, and I
look forward to hearing the testimony of our witnesses today.

[The prepared statement of Mr. Lipinski follows:]

PREPARED STATEMENT OF REPRESENTATIVE DANIEL LIPINSKI

Thank you, Mr. Chairman; I am pleased to be here today for this hearing on H.R.
5143, the H–Prize Act of 2006. I would like to thank Mr. Inglis for taking leadership
on this important issue. I would also like to welcome the witnesses and I look for-
ward to hearing their testimony. I apologize that other commitments will unfortu-
nately prohibit me from staying for the full hearing today because the topic is an
important one.

Energy is on the minds of many Americans right now and they are very upset
about the current situation. Gas prices have risen to record highs and oil companies
are reporting record profits. High natural gas prices concerned many of my constitu-
ents in Chicago this winter and forced some families to make hard choices to keep
their heat on during the coldest months. We can be thankful that it was a relatively
mild winter, but that may be a bad sign relate to global climate change. We are
also becoming increasingly aware of the threats posed to our national security by
our continued reliance on foreign fossil fuels.

There are many proposals in Congress to help relieve the pressure of energy
prices. These range from short-term solutions, such as ending tax subsidies for oil
companies or easing various regulations, to long-term approaches like research in
hydrogen fuel, biofuels, and other renewables. No one idea or program is going to
solve all of our energy problems, but if we do not start to assemble the tools and
build an energy model for the future, we will be no better off 20 years from now
than we are today, and likely we will be much worse off.

An economy based on energy outside of fossil fuels is no longer implausible. But
to get there, we must invest in research and development now to be able to sustain
our economy. Research grants are the basis of this process, but we in Congress have
a responsibility to find creative and new ways to inspire researchers, business lead-
ers, and our youth to solve the problems that society faces.

Once such example of innovative thinking is a bill introduced by Ranking Member
Gordon that replicates the successful DARPA program model and puts it to work
in the Department of Energy. H.R. 4435, which I am proud to support, would estab-
lish a new ARPA–E function at DOE to speed the commercialization of innovative
energy ideas and help reduce our dependence on foreign fuel.

Today’s legislation at hand, H.R. 5143, seeks to inspire researchers, entre-
preneurs, and others competitive spirit in an effort to find specific solutions to the
major challenges facing development and commercialization of hydrogen fuel. The
H–Prize will help expand the possibilities of hydrogen research, promoting people
not normally involved in federal research and development to explore one of the
greatest challenges facing us today.

This prize will help us take advantage of America’s great resource—our ingenuity
and creativity—to tackle the problems before us. We have some of the best and
brightest minds in the world in the United States, as well as an economy that sup-
ports and encourages entrepreneurship, and the H–Prize will this focus inventive-
ness to address the greatest challenge that faces our country.

Hydrogen holds enormous potential as the base of our future economy—a poten-
tial we cannot and must not ignore.

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

Chairman BOEHLERT. Thank you very much, Mr. Lipinski.
Ms. Biggert.
Ms. BIGGERT. Thank you, Mr. Chairman. I want to thank you for

holding this hearing today and giving the Committee an oppor-
tunity to discuss the creation of an H–Prize.
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I also want to thank the bill’s sponsor, Mr. Inglis, for sharing a
draft of his legislation with me and seeking my input prior to its
introduction.

As Chairman of the Energy Subcommittee, I participated in a
meeting of various hydrogen and fuel cell stakeholders that Mr.
Inglis convened in December of last year to discuss the idea.

At that meeting, I urged all involved to keep in mind the rec-
ommendations included in a 1999 National Academy of Engineer-
ing report on inducement prizes. The Academy recommended that
prizes should complement, not substitute for, direct federal support
of research and development. The Academy also advised that re-
wards should be commensurate with the effort required and the
goal sought. To me, this advice is just good common sense.

Unfortunately, I do not believe that this legislation meets these
criteria. I do not believe that authorizing a $100 million prize for
the development of ‘‘transformational technologies’’ meets either of
these criteria. This is a criticism that I shared with the bill’s spon-
sor well in advance of the bill’s introduction.

According to the Organization for Economic Cooperation and De-
velopment, the market for fuel cells and related products is pro-
jected to reach $29 billion by 2011. With potential applications in
transportation, power generation, and portable power, the market
for fuel cells and related products, the OECD estimates that this
market could grow to over $1.7 trillion by 2021.

Isn’t a billion- or trillion-dollar market prize enough? Isn’t this
enough of an incentive to encourage scientists, engineers, entre-
preneurs, and energy companies, large and small, to invest in the
development of fuel cells and new and innovative ways to produce
and store hydrogen?

The 2005 Solar Decathlon, while structured differently than the
H–Prize, attracted 20 qualified teams. Each team received $5,000
in federal funds to leverage between $200,000 and $300,000 in out-
side investment for their prizes—for their projects. The result was
a diverse combination and outstanding display of solar and other
advanced energy technologies. The total cost to the DOE: $1 mil-
lion.

According to press accounts, two dozen teams from five different
countries competed for the $10 million Ansari X Prize, and we will
hear more about that later, but the best part about that prize is
that it didn’t cost taxpayers a penny.

I think that it is safe to say that the market for hydrogen and
fuel cell technologies dwarfs the market for spaceships, and yes,
even solar technologies combined.

To put this in another context, the prize of all prizes, the Nobel
Prize, is only a $1.3 million prize.

Why haven’t we ever offered a prize to find a cure for cancer?
Don’t we already know more about hydrogen and fuel cells than we
know about cancer?

In addition, the Energy Policy Act of 2005, which just became
law in August of last year, authorized over $3.3 billion for research
into the production and distribution of hydrogen and the develop-
ment of fuel cells.

I also want to observe that while the last section of the bill does
explicitly prohibit any H–Prize program from substituting for fed-
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eral research and development programs, in no way does this pro-
vision prevent the substitution of funding. Substituting direct fed-
eral support for research and development with a prize is exactly
the opposite of what the National Academy of Engineering rec-
ommended. Neither the President nor Congress is going to be able
to find the money for such a prize without taking funds out of other
vital energy research and development programs.

Properly designed, an H–Prize could provide useful feedback and
constructive direction to the Hydrogen Fuel Initiative. Designed
with a specific goal in mind, prizes could spur the development of
technologies linking the critical pieces of the hydrogen economy,
those that make, move, store, and burn hydrogen. But I am in no
way convinced that we need to spend $100 million on such a prize.

Before closing, I want to acknowledge Mr. Inglis’ insight. We too
often focus exclusively on whether research programs are meeting
milestones and timelines, but forget to keep in mind the goal of fos-
tering innovation. We also tend to focus on the dominant funding
mechanisms—grants, contracts, and cooperative agreements—with-
out considering the full range of options. Mr. Inglis is making us
consider our decisions more fully, and rightly so. So I look forward
to continuing to work with the bill’s sponsors to address my con-
cerns, and 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. I want to thank you for holding this hearing today,
and giving this committee an opportunity to discuss the creation an H–Prize. I also
want to thank the bill’s sponsor, Mr. Inglis, for sharing a draft of his legislation
with me and seeking my input prior to its introduction.

As Chairman of the Energy Subcommittee, I participated in a meeting of various
hydrogen and fuel cell stakeholders that Mr. Inglis convened in December of last
year to discuss the idea of an H–Prize.

At that meeting, I urged all involved to keep in mind the recommendations in-
cluded in a 1999 National Academy of Engineering report on inducement prizes. The
Academy recommended that prizes should complement—not substitute for—direct
federal support of research and development. The Academy also advised that re-
wards should be commensurate with the effort required and the goals sought. To
me, this advice is just good common sense.

Unfortunately, I do not believe this legislation meets these criteria. In particular,
I do not believe that authorizing a $100 million prize for the development of ‘‘trans-
formational technologies’’ meets either of these criteria. This is a criticism that I
shared with the bill’s sponsor well in advance of the bill’s introduction.

According to the Organization for Economic Cooperation and Development, the
market for fuel cells and related products is projected to reach $29 billion by 2011.
With potential applications in transportation, power generation and portable power,
the market for fuel cells and related products, the OECD estimates that this market
could grow to over $1.7 trillion by 2021.

Isn’t a billion or trillion dollar market prize enough? Isn’t this enough of an incen-
tive to encourage scientists, engineers, entrepreneurs, and energy companies large
and small to invest in the development of fuel cells and new and innovative ways
to produce and store hydrogen?

The 2005 Solar Decathlon, while structured differently than the H–Prize, at-
tracted 20 qualified teams. Each team received $5,000 in federal funds to leverage
between $200,000 and $300,000 in outside investment for their projects. The result
was a diverse combination and outstanding display of solar and other advanced en-
ergy technologies. Total cost to the DOE: $1 million.

According to press accounts, two dozen teams from five different countries com-
peted for the $10 million Ansari X–Prize. But the best part about the X–Prize is
that it didn’t cost taxpayers a penny.

I think it’s safe to say that the market for hydrogen and fuel cell technologies
dwarfs the market for spaceships, and yes, even solar technologies—combined.
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To put this in another context, the prize of all prizes—the Nobel Prize—is only
a $1.3 million award.

Why haven’t we ever offered a prize to find a cure for cancer? Don’t we already
know more about hydrogen and fuel cells than we know about cancer?

In addition, the Energy Policy Act of 2005, which just became law in August of
last year, authorized over $3.3 billion for research into the production and distribu-
tion of hydrogen and the development of fuel cells.

I also want to observe that while the last section of the bill does explicitly prohibit
any H–Prize program from substituting for federal research and development pro-
grams, in no way does this provision prevent the substitution of funding. Sub-
stituting direct federal support for research and development with a prize is exactly
the opposite of what the National Academy of Engineering recommended. Neither
the President nor Congress is going to be able to find the money for such a prize
without taking funding out of other vital energy research and development pro-
grams.

Properly designed, an H–Prize could provide useful feedback and constructive di-
rection to the Hydrogen Fuel Initiative. Designed with a specific goal in mind, prizes
could spur the development of technologies linking the critical pieces of the hydro-
gen economy those that make, move, store, and burn hydrogen. But I am in no way
convinced that we need to spend $100 million on such a prize.

Before closing, I want to acknowledge Mr. Inglis’ insight. We too often focus exclu-
sively on whether research programs are meeting milestones and timelines, but for-
get to keep in mind the goal of fostering innovation. We also tend to focus on the
dominant funding mechanisms—grants, contracts, and cooperative agreements—
without considering the full range of options. Mr. Inglis is making us consider our
decisions more fully—and rightly so. I look forward to continuing to work with the
bill’s sponsor to address my concerns, and I yield back the balance of my time.

Chairman BOEHLERT. Thank you very much.
Dr. Baird.
Dr. BAIRD. I appreciate the Chairman. I appreciate the

gentlelady’s comments and would associate myself with them.
I applaud the gentleman from—for coming up with great ideas

for how to stimulate exploration in hydrogen. I just would question
how we call it a non-governmental modality when the government
is going to be putting up the funding. It always seems to me that
the prize for innovation, under a free market system, should be
that you profit from your invention. And while we have a host of
ways to stimulate that at the federal level, I think we need to ac-
knowledge that they are government ways and be honest with that.

So I will look forward, actually, and my main question will be:
what will be the cost-benefit ratio here? What are we investing?
What will the return on investment be? And frankly, what would
that return on investment be if we didn’t have such a prize? Would
not the free market incentive, as we see the escalating cost of gaso-
line, be sufficient without this expenditure, and might it be ex-
pended in a different manner?

But I look forward to this debate, and I am glad we are having
it.

I thank the Chairman.
[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 H.R. 5143, the H–Prize Act of 2006. The bill intends to create a prize to
advance the research, development, demonstration and commercial application of
hydrogen energy technologies.

Traditionally, the Department of Energy (DOE) has relied upon established re-
searchers in national labs, industry, and academia to carry out its mission of devel-
oping energy technologies for use by the private sector. Most often, DOE identifies
a technical hurdle and then issues research solicitations to detail the type of tech-
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nologies the agency seeks to fund. Moreover, DOE may use grants, cooperative
agreements or contracts to carry out projects.

While this method has worked well to advance scientific technology, H.R. 5143
also intends to meet the same goal by offering a prize for the development of a par-
ticular technology or for a specific achievement. As we have seen in the past, several
prize programs were established to encourage the development of science and tech-
nology through a competitive process.

I recognize that prize competitions benefit from clear-cut goals and have inspired
research to accelerate the advancement of hydrogen technologies. However, I believe
it is important that prizes act as a supplement to, not a substitute for traditional
research and development programs. I encourage continued advancements in re-
search, development, demonstration, and commercial application projects and will
work with my colleagues to attract our country’s best and brightest minds to ad-
dress U.S. energy challenges.

I look forward to hearing from today’s panel of witnesses.

[The prepared statement of Ms. Johnson follows:]

PREPARED STATEMENT OF REPRESENTATIVE EDDIE BERNICE JOHNSON

Thank you, Mr. Chairman and Ranking Member.
I would like to commend the Chairman, Ranking Member and staff for arranging

today’s hearing and always enjoy discussing how Congress can work better to spur
innovative technologies.

Clearly, our nation faces an energy crisis. Oil prices are skyrocketing, and as the
hot sun bakes my home state of Texas this summer, energy prices will become as
unbearable as the Dallas heat.

I am glad my colleagues have been forward-thinking to introduce legislation to
stimulate research and development of a hydrogen economy.

The Science Committee has held hearings in the recent past on the issue of the
hydrogen economy. What I have heard witnesses say is that technology is not devel-
oped enough for America to benefit from a hydrogen economy for many years.

I fear the consequences of a ‘‘head in the sand’’ approach, with energy prices as
they are. We must invest in alternative fuels such as hydrogen to address this crisis.

H.R. 5143 has been compared with the X Prize, but I want to point out that the
X Prize was funded with private resources.

I believe the Committee should consider what unintended consequences could
arise with a prize administered by a federal agency, rather than by private industry.

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

Chairman BOEHLERT. Thank you very much.
And now to our very distinguished panel. And every time I look

at a panel of experts that come before this committee, I am re-
minded that Washington is not the source of all wisdom. As a mat-
ter of fact, I would like to add more wisdom here, but one of the
ways we get it is by having experts like you. So we thank all of
you for being facilitators and of counsel to the Committee, if you
will.

Our witnesses include Dr. Peter Diamandis. He is Chairman of
the X Prize Foundation, a non-profit organization dedicated to fos-
tering innovation through the use of competitions. The Foundation
awarded its $10 million Ansari X Prize to promote the formation
of a commercial space flight industry. Prizes for genomics, energy,
and education are under development. Thank you, Dr. Diamandis,
and we understand another commitment forces you to have to leave
at 11:15, so don’t think as he departs he is boycotting the rest of
the meeting.

Dr. DIAMANDIS. Thank you, Chairman.
Chairman BOEHLERT. Our second witness is Dr. David Bodde. He

is the Director of Innovation and Public Policy at Clemson Univer-
sity’s International Center for Automotive Research. He was a
member of the National Academy of Engineering Committee on Al-
ternatives and Strategies for Future Hydrogen Production and Use,
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which issued the 2004 report ‘‘The Hydrogen Economy: Opportuni-
ties, Costs, Barriers, and R&D Needs.’’

Our third witness is Dr. David Greene. He is a corporate fellow
at Oak Ridge National Laboratory with the Center for Transpor-
tation Analysis, National Transportation Research Center. He is an
expert on transportation and energy policy issues. Dr. Greene.

And finally, Mr. Phillip Baxley, the President of Shell Hydrogen,
L.L.C., a separate business unit established by Shell in 1999 to
pursue new business opportunities in hydrogen fuel and fuel cells.

Gentlemen, thank you very much for participating in this and
being willing to serve as counsel and educators for this committee.

Dr. Diamandis, you are first up.

STATEMENT OF DR. PETER H. DIAMANDIS, CHAIRMAN OF THE
X PRIZE FOUNDATION

Dr. DIAMANDIS. Thank you.
Chairman Boehlert, members of the Committee, I thank you for

permitting me to come here and give testimony today on prizes and
the H–Prize.

My name is Peter Diamandis. I am the Founder, Chairman, and
CEO of the X Prize Foundation.

We started the Foundation in 1995. In fact, the first public dis-
cussion ever on the X Prize was in this room in testimony to Con-
gressman Walker at that time. Our mission is to bring about rad-
ical breakthroughs by using prizes. And in fact, we believe that in-
ducement prizes, versus recognition prizes, like the Nobel Prize,
have the chance to bring huge returns for immediate change versus
something achieved 30 years ago.

Incentive prizes have a tremendous history, as we have heard
some from Chairman Inglis’ presentation early on, and it was read-
ing about Lindbergh’s flight across the Atlantic that actually in-
spired me. I read that this $25,000 prize offered in 1919 sparked
$400,000 in expenditures. Literally 16 times the prize amount was
spent. And they didn’t spend $1. And in fact, the most unlikely
winner, Lindbergh, called the ‘‘flying fool’’ the day before he took
off, changed the course of history and ignited a multi-hundred-bil-
lion-dollar industry of aviation.

When he landed in Paris, he was swamped by crowds. What fol-
lowed after that was tremendous. Within 18 months of his landing,
the number of passengers in the United States went from 5,700 to
180,000, a 30-fold increase in passenger traffic in the United
States. The number of airplanes quadrupled. The number of pilots
tripled. It was not the technology. It was a paradigm shift that oc-
curred. The prize changed the way the public thought about avia-
tion. That is very important. Prizes not only cause technology to be
brought into existence, but they change the way we think about
these subjects.

My passion since the age of nine has been going into space, and
for 40 years, I have watched the cost of space flight go up and reli-
ability not change at all. And I became, you know, disenchanted
with waiting for NASA to open up space. And it was that reading
of the Lindbergh book that caused me to build this Ansari X Prize.

I offered out a $10 million purse. We picked $10 million so that
it was not too large; we didn’t want the Boeings and Lockheeds
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competing, but large enough to incentivize those entrepreneurs,
those hungry, risk-taking entrepreneurs willing to risk everything
to change what they believed in—offering for three people to go
into space, come back down, and within two weeks make that trip
again. We had 26 teams from seven countries compete for this com-
ing from places I had no expectation, from Romania, from Israel,
from Russia, from Great Britain, from Canada, from the United
States competing to win this $10 million prize and spending $100
million to win it.

The results were fantastic. With 50 times the prize—our seed
capital yielded 50 times the amount spent to try and win that $10
million prize. And you go now to the Air and Space Museum and
see SpaceShipOne, the winning vehicle, hanging next to the Spirit
of St. Louis. And for me, that was the prize in my heart, to see that
happen. It was spectacular. October 4 of 2004, SpaceShipOne made
two flights into space.

When that happened, for me, what occurred was we changed the
paradigm that space flight was not just for 100 very smart, govern-
ment-selected astronauts. Now kids believe that they can fly into
space. That was the most important thing: changing the paradigm.
I can’t focus on that enough.

We also launched an industry. You know, Branson is now com-
mitted to over $100 million to go after SpaceShipTwo. Of the 26
contenders, at least eight or nine of them are bringing their vehi-
cles into commercial practice. That would not have happened. You
know, the X Prize drove that breakthrough. The technology had
been around for decades to have this happen, but the Prize, lit-
erally, caused the spark. It was the crucial seed required to galva-
nize that to happen.

So successful prizes that are well designed, well timed, and ap-
peal to the audience can have huge returns on investment.

Why do prizes work? Let me offer out the following four things
that are very important as to why prizes work.

One, they attract alternate funding. Prizes have to be an amaz-
ing story. They are about the human drama. They are about the
risk. And they attract different flavors of money, not your tradi-
tional venture capital. They attract risk-taking money. I call it ‘‘ego
money.’’ The Larry Ellisons who backed an America’s Cup team
and spent $70 million for a trophy. Twenty billion dollars a year
is spent paid in sponsorship dollars for car races, boat races, bike
races, or whatever it is. It attracts that kind.

The media spotlight. Prizes have to create heroes. It is never
about the technology. The heroic element drives people to think in
the shower around the clock. You can’t buy that level of dedication.

It bypasses bureaucracy. A lot of the most brilliant people will
never, ever, ever apply for a grant, because they could not stand
the process of going through that. But a prize says you win if you
do this. You know. Bypass all of the bureaucracy and go directly
to the solution and you will win the money. And that allows the
most brilliant, and sometimes the most radical thinkers, to enter
and solve the problems that we have.

Most importantly, prizes elevate a problem so high that it at-
tracts people from outside the discipline. We all know how to think
the way we think. You know. Biologists approach things from a bio-
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logical problem. But if you put up a prize, you have a physicist
come in or a historical person come in. So it attracts solutions out-
side disciplines and outside nations.

We, at the X Prize, have dedicated ourselves. We have grown the
organization. Larry Page, a co-founder of Google, has joined our
board. Craig Venter discovered—you know, cloned the human ge-
nome, and we are building ourselves into a world-class prize insti-
tute, focusing on developing prizes for different areas. We are
working on an automotive X Prize we hope to launch this year for
cars that significantly exceed 100 miles per gallon. We are going
to be launching a genomics X Prize. We are looking in entrepre-
neurship and education and other arenas.

In closing, let me highlight our work with NASA.
In 2003, prior to the winning of the Ansari X Prize, some of my

friends at NASA headquarters approached us and asked, ‘‘What
can we do to help?’’ I said, ‘‘NASA should be doing prizes.’’ They
hired us to do a study. We spent about six months working and
going through all of the agency elements and came up with 100
prize ideas. To do a prize properly is not picking a target. We have
developed a prize innovation process that figures out, first, what is
the problem you are trying to solve. Understand that first. Is it
CO2 emissions? Is it energy independence? Is it energy storage?
What is the problem? And then it—and then basically drive it for-
ward.

So we have developed this process, and we are pleased to be able
to bring that technology and bring that capability to the Com-
mittee.

Thank you for your time.
[The prepared statement of Dr. Diamandis follows:]

PREPARED STATEMENT OF PETER H. DIAMANDIS

Chairman Boehlert and members of the Committee, thank you for permitting me
to submit this testimony on the use of inducement prizes for advances in hydrogen
technology. My name is Peter H. Diamandis. I am the Founder, Chairman, and CEO
of the X PRIZE Foundation.

Founded in 1995, the X PRIZE Foundation fosters innovation in a unique way.
Rather than awarding money to honor past achievements or directly funding re-
search with uncertain outcomes, the X PRIZE Foundation creates high profile com-
petitions that attract and motivate creative solutions to important problems. Our
mission is to bring about radical breakthroughs for the benefit of humanity utilizing
prizes.

Incentive prizes have a history stretching over several hundred years, with suc-
cessful prizes having dramatic effects. One of the most famous—and the one that
personally inspired me to start X PRIZE—was the Orteig Prize, won by Charles
Lindbergh in 1927 for his dramatic non-stop flight from New York to Paris in 1927.
This $25,000 prize caused nine teams to spend $400,000. Lindbergh’s, the most un-
likely of the nine teams, won the purse and ignited an aviation renaissance.

The huge crowd that mobbed Lindbergh in Paris was just the first indicator of
the impact his achievement would have. Within eight months of his flight, the num-
ber of airplanes in the U.S. quadrupled, the number of pilots tripled and the num-
ber of individuals buying airline tickets increased 30-fold from 5,700 to nearly
180,000.

Lindbergh’s success in winning the Orteig Prize gave a jump-start to commercial
aviation. It was the efficiency of the Orteig Prize and the tremendous leverage it
offered that drove me to create the Ansari X PRIZE to solve the problem of private
space flight.

Since the age of nine, my passion has been space flight. I’m a child of the Apollo
vision that this country once had. However, as I watched the aerospace industry de-
velop over the past few decades, it was evident to me that innovation in space flight
had stalled. During the past 40 years the cost of space flight has gone up, but the
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reliability has not improved. To disrupt these trends, I created an international
competition with a $10M purse, for the first privately-funded team to develop and
fly a three-person, reusable spaceship to 100 kilometers altitude, twice within two
weeks. The prize was announced under the arch in St. Louis, 10 years ago next
month (May 18th, 1996), along with 20 astronauts, the NASA Administrator, the
FAA Associate Administrator and the Lindbergh Family. During the following dec-
ade I raised the $10 million purse, recruited 26 teams from seven countries to com-
pete and built a world-class team of individuals who became expert in how to create,
manage and award Inducement Prizes.

As you may know, the Ansari X PRIZE was won on Oct. 4, 2004, by Mojave Aero-
space Ventures, led by designer Burt Rutan and financier Paul Allen. The competi-
tion caused teams to spend over $100 million to win the $10 million purse, and at-
tracted over five billion media impressions that changed the public paradigm that
space flight is only for government employees. The winning spacecraft—
SpaceShipOne—now hangs next to the Spirit of St. Louis and the Wright Flyer in
the Smithsonian National Air & Space Museum.

The long-term effects won’t be known for years, but it’s already clear that X
PRIZE helped spawn a new industry with dramatic technological, social and invest-
ment opportunities. Richard Branson paid $121M for the winning technology, and
thousands of consumers have paid deposits for space tourism tickets. Several other
commercial space flight companies were spawned by the X PRIZE competition and
are still operating.

Inducement prizes are fundamentally different than conventional R&D funding.
Inducement prizes define a problem and pay for successful solutions—they do not
pay for the work itself, they do not define or pre-judge technical approaches, and
they do not pre-judge qualifications.

Successful prizes are well-designed, well-timed, appeal to a broad audience, and
offer potential rewards—prestige, publicity, and future business—far in excess of the
purse itself. Inducement prizes have a unique ability to efficiently drive research
that leads to high-leverage breakthroughs. The return-on-investment can be huge;
the Ansari X PRIZE leveraged seed capital 50-fold. Why is that? Why can induce-
ment prizes work so well? There actually is a science to this process, something with
the X PRIZE Foundation has spent 10 years learning. Following are some the im-
portant reasons:

1. Prizes Attract Alternate Funding Sources: Prize teams are able to at-
tract risk-taking capital which is put up by corporate sponsors or wealthy in-
dividuals who actually encourage risk-taking because they seek the publicity
and desire to win. Prizes tap into the $20 billion pot of money spent each
year on event and sports-related sponsorship.

2. Media Spotlight: The intense media spotlight and opportunity to become a
global hero, drives teams to work around the clock. Incentive prizes cause
these teams to work harder than any employment contract could ever
achieve. If leveraged correctly, the media can also play a key role in edu-
cating the public about each team and their breakthroughs.

3. Bypassing Bureaucracy: Many brilliant individuals abhor bureaucracy
and would rather not go through the paper work and peer-review process
that would completely and totally frustrate them. Prizes set up a clear proc-
ess: Solve the problem, by what-ever means, and you win the money and the
fame.

4. Crossing Disciplinary & National Boundaries: Most importantly, prizes
encourage innovators from outside the typical fields or nations to address
your problem. Breakthroughs typically come when a fresh mind, without pre-
conceived biases, looks at the challenge.

Creating and managing successful inducement prizes is much harder than it
looks. There have been many attempts in the past which have failed. Prizes must
not be about technology alone, they must be structured to create and follow heroes,
have dramatic and demonstrable conclusions, and must be something the public and
media are made to care about. Success requires a carefully structured and balanced
approach that involves expertise in many areas, including science, technology, rules
& competition design, event management, arbitration, financing, sponsorship, media
relations, public relations, and government relations.

Since the awarding of the $10 million Ansari X PRIZE we have focused on build-
ing the X PRIZE Foundation into a world-class prize institute using best practices
and its 300 man-years of experience, to create, administer and award prizes that
will help change the world. We are currently working on inducement prizes in sev-
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eral areas, including automotive, genetics, education, entrepreneurship, and—of
course—space.

In closing I would like to highlight our work with NASA, since I believe it pro-
vides a useful model for the type of prize creation and management contemplated
by the H–Prize Act. In 2003, prior to the winning of the Ansari X PRIZE, the leader-
ship of NASA asked the X PRIZE to conduct a study on how prizes could be used
to support their mission. Under contract to the Agency, we came up with over 100
prize ideas and helped them structure the Centennial Challenges Program, which
is now funded annually to approximately $10 million per year. The X PRIZE Foun-
dation now works closely with NASA assisting and advising, and in a number of
cases managing their larger prizes. In this situation, NASA puts up the prize purse
and the X PRIZE Foundation is responsible for raising the sponsorship funds to
manage the prize, writing the rules, attracting the teams, and following through to
a successful conclusion.

It is important to note that NASA does not manage the prizes themselves; they
identify the prize area and secure the prize purse. They depend on an independent
partner like X PRIZE to write the rules and implement the competition. In my view
this separation of responsibilities is fundamentally important. The prize organiza-
tion must often act quickly, with authority, and must be able to assure potential
competitors that they will be treated fairly and without political bias. Thus, for ex-
ample, once a particular prize has been established and the management plan ap-
proved, one should avoid mixed responsibilities for rule-creation, committee selec-
tion, judging, and arbitration.

Inducement prizes are well-suited to stimulate innovations in the fields of both
energy and transportation, and for that reason towards the long-term goal of a hy-
drogen economy. Technology advances are plausible, large markets are possible, in-
vestors are poised, and there would be great public interest in fundamental break-
throughs. The multi-billion dollar question, of course, is what are the prize rules,
who will compete, and when will it be won. The H–Prize Act would hasten the need-
ed breakthroughs, and the X PRIZE Foundation is ready to help.

Thank you for your time and attention.

BIOGRAPHY FOR PETER H. DIAMANDIS

Dr. Diamandis is the Chairman and CEO of the X PRIZE Foundation
(www.xprize.org), which awarded the $10,000,000 Ansari X PRIZE (www.xprize.org)
for private space flight. Diamandis is now focused on building the X PRIZE Founda-
tion into a world-class prize institute whose mission is to bring about radical break-
throughs for the benefit of humanity. The X PRIZE is now developing X PRIZEs in
fields such as Genomics, Automotive, Education, Medicine, Energy, and Social are-
nas.

Diamandis is also a leader in the commercial space arena, having founded and
run many of the leading companies in this sector. He is the Chairman & Co-Found-
er of the Rocket Racing League (www.xracing.com). Diamandis also serves as the
CEO of Zero Gravity Corporation (www.nogravity.com) a commercial space company
developing private, FAA-certified parabolic flight utilize Boeing 727–200 aircraft.
Diamandis is a co-founder of Space Adventures, Inc. (www.spaceadventures.com),
the company which brokered the first launches of private citizens to the Inter-
national Space Station.

In 1987, Diamandis co-Founded the International Space University (ISU)
(www.isunet.edu) where he served as the University’s first managing director. Today
he serves as a Trustee of the $30M ISU that is based in Strasbourg, France. Prior
to ISU, Diamandis served as Chairman of Students for the Exploration and Devel-
opment of Space (SEDS) an organization he founded at MIT in 1980. SEDS is the
world’s largest student pro space organization.

Dr. Diamandis attended the Massachusetts Institute of Technology (MIT) where
he received his undergraduate degree in molecular genetics and graduate degree in
aerospace engineering. After MIT he attended Harvard Medical School where he re-
ceived his M.D. In 2005 he has was also awarded an honorary Doctorate from the
International Space University.

He is the winner of the Konstantine Tsiolkovsky Award, twice the winner of the
Aviation & Space Technology Laurel, and the 2003 World Technology Award for
Space, the 2006 Orbit Prize and the 2006 Lindbergh Award. In 8th grade, while liv-
ing in New York, Dr. Diamandis won first place in the Estes rocket design contest.

Diamandis’ personal motto is: ‘‘The best way to predict the future is to create it
yourself!’’

Chairman BOEHLERT. Thank you very much.
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I think—mark him down as a supporter of the concept.
Dr. Bodde.

STATEMENT OF DR. DAVID L. BODDE, DIRECTOR OF INNOVA-
TION AND PUBLIC POLICY AT CLEMSON UNIVERSITY’S
INTERNATIONAL CENTER FOR AUTOMOTIVE RESEARCH
(ICAR)

Dr. BODDE. All right. Thank you very much, Mr. Chairman. And
thank you, also, for the opportunity to discuss this very creative
and innovative piece of legislation.

I think this does offer great hope for removing from this country
the curse of oil dependence and for moving us then into an energy
economy that is founded on domestic resources and on our own
technology advantages.

The H–Prize would accomplish this, in my judgment, through
two principle mechanisms.

First, it would stimulate and nurture the research base from
which these innovations are drawn. It will do this by attracting
new researchers and innovators and by calling public attention to
that.

Second, it would perform one of the most difficult feats in our
economy, and that is accelerating research, in this case hydrogen-
related research, across the gap between innovation research, that
is innovation funding—excuse me, between research funding and
new venture kinds of funding. These communities move in parallel.
They don’t communicate well. And that gap between research fund-
ing and innovation funding is a very large one. This would help
move across it.

Now to achieve that, we have to bear in mind, I think, three fun-
damental principles.

First, continuity. To have this effect, the prize has got to be con-
tinuous, it has got to be reliable, and it has got to be predictable
across the 10-year course of it.

Second, additionally. It has got, of course, to attract risk capital,
but it should not do this at the expense of the basic funding for re-
search for the hydrogen programs.

And finally, learning and adaptation over the course of the 10
years that this program would be in operation. We are going to
learn a lot of things about prizes and a lot of things about this, and
we need to have a conscious mechanism for adaptation.

Now, as requested, I would like to offer some suggestions for the
operation of the program, and I would like to do this in the context
of each of the three principle prize components or prize categories,
I should say.

The first prize category is for advancements in components or
systems. Now this is where you get the chief effect of the expansion
of the research base, the attracting of new researchers into hydro-
gen-related activities. I would like to offer three suggestions for
your consideration in looking at this part of the program.

One, to include in the criterion for eligibility, scientific discov-
eries that lead directly to components and systems. Now I know
the point of the legislation is to provide an incentive for innovation
and not for science, for applications and not for basic discovery. But
in some cases, the applications themselves will be relatively
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straightforward and fall right out from the scientific discovery once
that discovery is announced, and so if we were to add directly re-
lated scientific discoveries to the criterion for eligibility, that would
not only do justice in connecting reward to benefit, but would also
remove any possible incentive for a discoverer to sequester a dis-
covery until it could be embodied in some kind of device or compo-
nent. And it would also increase the talent pool available for hydro-
gen-related research.

The second suggestion, allowing enabling technologies to be eligi-
ble. Now, by an ‘‘enabling technology,’’ I mean an advance in a
seemingly unrelated field that springs forward the advances in the
field that one is seeking. Take battery technology, for example. Im-
proved batteries would relieve pressure on the—for performance of
a fuel cell and would have a dramatic effect in accelerating the hy-
drogen economy. And so this is what I mean by an enabling tech-
nology. Likewise, software for on-vehicle energy management, an-
other kind of enabling technology. Hydrogen safety, carbon seques-
tration, there is a list of things that could significantly advance a
hydrogen economy, but—and in my judgment, should be a part of
the eligibility requirements.

The third suggestion that we apply the principle of continuity
most strongly here. In order to attract people to an H–Prize com-
petition, we need to build the pipeline of researchers and investiga-
tors, and that, frankly, starts at the high school level. It starts with
interesting kids in science, showing them career opportunities in
science, nurturing that through college through a graduate degree,
and then into the research community. This pipeline takes a long
time to build, and it takes continuity and assurance that that ca-
reer will be there at the end of the pipeline to have the effective
incentive.

Now the second prize category, that of prototypes, addresses one
of the most important difficulties in science and innovation in this
country today, and that is the gap between research programs and
innovation funding. What is called, or what I call, maturation
funds, perhaps seed capital for innovation is another way to think
about it, are needed here to move across the gap between the two
cultures. Some federal programs already provide this. The SBIR,
STTR, ATP programs are certainly very capable in providing this,
but here the reward is given—or the award, I should say, is given
before the performance in anticipation of the performance. In con-
trast, the H–Prize would complement these by being given after the
performance, and so it could be a very powerful supplement to
these kinds of programs in providing this bridging funding.

The first prize category is that for transformational technologies
for the distribution or production of hydrogen, which is, in my view,
the most challenging. And I think special thought and care has to
be put into the implementation criteria for this.

Finally, learning and adaptation is one of the most important
parts of this program. Certainly the awarding foundation should
report its results periodically and follow up the awards given to un-
derstand systematically what has come from this program.

In conclusion, I think this is a very valuable program and one
that will help our energy security, the environment, and our com-
petitiveness.
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1 Research in science yields an understanding of the natural world and the laws that govern
the behavior of materials, complex systems, living organisms, and so forth. In contrast, innova-
tion concerns the man-made world and the creation of devices and methods that improve our
daily lives. More so than science, innovation brings with it entrepreneurial and market consider-
ations, thus making the real-world connections between these two phenomena complex and var-
ied.

[The prepared statement of Dr. Bodde follows:]

PREPARED STATEMENT OF DAVID L. BODDE

Thank you, Ladies and Gentlemen, for this opportunity to discuss the H–Prize Act
of 2006, now before this committee. I believe the H–Prize offers an innovative policy
that could accelerate our nation’s transition toward more secure and sustainable en-
ergy by:

• Stimulating and nurturing the relevant science and engineering research
from which innovation must spring; and,

• Accelerating hydrogen-related research to cross the gap from science oppor-
tunity to investment opportunity.

To fully accomplish this, the H–Prize program should operate with several prin-
ciples in mind.

• Continuity. The prizes must be offered reliably and for a period long enough
to build the technology pipeline, rather than simply create a windfall for
those already there.

• Additionality. The funds needed to support the H–Prize must supplement
rather than compete with the core funding appropriated in support of hydro-
gen-related research and development.

• Learning. We cannot now anticipate the changes, social as well as scientific,
that will occur over the 10-year life of the H–Prize program, and so the ad-
ministration of the prize program must carefully document its experience,
learn from that experience, and adapt accordingly.

In what follows, I will set out my reasoning in support of these summary points,
and offer suggestions for the operation of the H–Prize program.
Building the Foundation: Advancements

The first category of the H–Prize structure, ‘‘advancements in components or sys-
tems,’’ can serve to expand the research base upon which innovations will draw.
These prizes would accomplish this by drawing attention to the importance of the
hydrogen revolution, and by combining prestige with monetary value in attracting
additional researchers into the field. To achieve the greatest benefit, however, I
would suggest that consideration be given to:

• Including scientific discoveries that lead directly to components or systems in
the eligibility for an ‘‘advancements’’ prize;

• Allowing enabling technologies to be included in the award criteria; and,
• Ensuring continuity over the ten-year life of the program to lower the career

risk for technologists considering hydrogen-related research.

Including Directly Related Scientific Discoveries
The intent of the H–Prize is to accelerate the hydrogen transition by focusing on

the application of technology, not the creation of new knowledge-and properly so.
Yet the boundaries between science and innovation remain indistinct,1 and in some
cases a science breakthrough could directly release a wide array of components and
systems. For example, Wilhelm Roentgen’s announcement of the discovery of X-ray
phenomena in 1895 was followed quickly by a host of applications in medical and
other fields, none of which would have occurred in the absence of this seminal an-
nouncement. To allow this possibility for hydrogen, I would suggest including di-
rectly supporting science discoveries in the eligibility for this category of H–Prize.

Including directly connected science might offer two ancillary benefits as well.
First, it could broaden the pool of researchers who would find the H–Prize relevant.
And second it would remove any possible incentive to sequester a discovery until
an applications device could be made.
Including Enabling Technologies

Technology revolutions often build upon combinations of advances in seemingly
unrelated fields—often termed ‘‘enabling technologies.’’ Consider home refrigeration,
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2 The ‘‘prototype’’ prize category would also complement the SBIR, STTR, and ATP programs,
which serve much the same function but with awards given in anticipation of success rather
than after it occurs.

3 The most urgent need is for early stage funding. In 2005, for example, only three percent
of venture funds committed went for startup and seed capital investments. Early stage invest-

for example. When the mechanical refrigerator swept into the market in the 1930s
and 1940s, it destroyed an industry (ice manufacturing and delivery), reshaped an-
other (the corner grocery became the supermarket), and improved the productivity
of homemaking enormously. Yet this innovation depended upon several enabling
technologies for its success—efficient, small scale refrigeration cycles; widespread
availability of electric energy; and compact, powerful alternating-current motors.

In the case of hydrogen, enabling technologies can prove powerful also. For exam-
ple, a technology that greatly enhanced the safety of hydrogen use would serve the
transition well even if it were not strictly related to any single component or system.
Similarly, a breakthrough in carbon sequestration might allow coal, shale, and other
abundant hydrocarbons to be used for hydrogen production without environmental
damage. Such a breakthrough, though not strictly hydrogen production, would ad-
vance the transition markedly. Thus, I would encourage a very broad interpretation
of the term ‘‘related to.’’
Providing Continuity

The general principle of program continuity applies most strongly in this first
prize category. That is true because human beings must invest many years of prepa-
ration as their entry ticket for any field of technological research. For the prize pro-
gram to draw additional entrants to hydrogen-related research fields, it must be
perceived as stable over the time required for preparation and career launch—and
for that reason, this category of H–Prize might diminish in attractiveness to new
entrants as its ten-year ‘‘sunset’’ approaches. None of this militates against learning
and adaptation in the awards process; rather, it suggests that greater predictability
will make the awards more attractive to those considering a career in the field. Less
predictability would have the opposite effect.
Crossing the Gap: Prototypes

The second category of H–Prize addresses one of the most important problems in
science and innovation—the availability of maturation funds to move a technology
across the gap between research funding and investment funding. This gap arises
because research funding tends to asks questions of discovery, seeking knowledge
of how the natural world works. Answers to these questions do not always illu-
minate how the constructed world—that of the devices and systems that serve hu-
mans—can be improved through innovation. In too many cases, potential investors
cannot translate readily from scientific possibility to a marketable innovation, and
so they await a prototype or some other evidence to help them judge the risks and
returns from innovation. Thus a technology, even with ongoing research support,
can languish in the chasm between research support and venture development fund-
ing. To be sure, some companies and foundations do invest in technology maturation
research, but the resources are generally below the amount needed for greatest ben-
efit. Thus, the prize would most probably add to the total resources available for
innovation.2

The prototype category of the H–Prize could provide incentives for private par-
ties—perhaps foundations, research corporations, or first stage investors—to commit
technology maturation investments. In effect, it lowers the risk for investors funding
a technology maturation project by offering the possibility that its cost can be recov-
ered. The most astute of these investors would find their technology ‘‘bets’’ effec-
tively hedged by the prize. The least astute would not—and, of course, should not.
Transformational Technologies

The third category of prize—a $10 million cash prize and a match for private in-
vestment funds up to $90 million—would reward major ‘‘. . .transformational
changes in technologies for the distribution or production of hydrogen. . .’’ Thus it
would provide incentives for the infrastructure side of the hydrogen market, which
is likely to prove a highly capital-intensive undertaking. However, this prize cat-
egory also poses challenges that appear greater than in the previous categories.

First, the prize might prove redundant. Entrepreneurs and venture capital inves-
tors seek opportunities with demonstrable potential for exponential growth—exactly
the kind of venture that appears to be contemplated in the prize description. A new
venture meeting these objective criteria would probably have little difficulty attract-
ing venture capital, especially in view of the increasing risk aversion now character-
izing the venture investment industry.3
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ment occupied another 16 percent. The remaining 81 percent went for expansion and late-stage
investments. Data from National Association of State Venture Funds.

Second, one cannot know in advance the appropriate scale of investment, and
hence the size of the award might not mesh well with the need. If the winning ven-
ture were small, the availability of a large federal match might tempt its owners
to accept too much capital. Experienced venture investors recognize that too much
funding can be as inimical to long term success as too little. On the other hand,
if the winning venture were on the scale of, say, a shale oil plant (tens of billions
of dollars), the prize would add little beyond prestige to the total incentive.
Learning and Adaptation

Learning and adaptation should be designed into the H–Prize process from the
beginning for three reasons. First, the awards program will learn from its own expe-
rience, and can improve in response to that learning. Second, the ten-year duration
of the H–Prize program will surely see significant advances in every field of science,
especially the hydrogen-related technologies. Award categories most relevant at the
beginning might well recede in importance 10 years into the future. And third, an
evolving public recognition of the scope and urgency of the worldwide energy-envi-
ronment-economy trilemma could lead to changes in energy policy over the period.
Because of such changes, the award criteria (and possibly the administrative proc-
esses) that are most appropriate at the beginning of the program might become less
so by its end.

For these reasons, I suggest that some formal process for learning and adaptation
be included in the H–Prize program. An annual or biennial report of progress, to
be submitted by the administering institution, could establish the factual basis for
learning. These reports should surely include a follow-up analysis of each award to
ascertain its outcome as measured against progress toward a hydrogen transition.
To be sure, there is some tension between the earlier-mentioned principle of consist-
ency and the desirability of adaptation with learning. The core idea should be to
adapt the means but hold constant the ends.
In Summary

Reducing our nation’s dependence on oil will improve the environment, relieve the
economy of large income transfers to oil producers, and strengthen our national se-
curity. I believe the H–Prize, as set out in H.R. 5143, could do much to accelerate
this greatly needed transition from petroleum to a hydrogen economy. This is a con-
structive and innovative proposal, and it deserves your fullest consideration.
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U.S. Government, March 1978 to March 1986
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business, science, technology, and education.
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dation Fellowship.
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Chairman BOEHLERT. Thank you very much, Dr. Bodde.
Dr. Greene.
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STATEMENT OF DR. DAVID L. GREENE, CORPORATE FELLOW,
OAK RIDGE NATIONAL LABORATORY, CENTER FOR TRANS-
PORTATION ANALYSIS, NATIONAL TRANSPORTATION RE-
SEARCH CENTER

Dr. GREENE. Yes, thank you.
Good morning, Mr. Chairman and Members of the Committee

and all of those others present today.
We all are aware that our country faces serious energy problems,

and I would like to thank Congressman Inglis for putting up this
graph of Exxon Mobil’s view of the world in the future, because I
think it shows us three really important things that we need to
keep our eye on. One is that demand for transportation fuels and
petroleum fuels is going to continue to grow in the future. The sec-
ond is that, even in Exxon Mobil’s view, production outside of
OPEC will reach a peak and they believe plateau, others believe
decline. And the third is that the source of supply for the rest of
that energy is OPEC, although it is highly unlikely that they will
supply that energy, because, as the Department of Energy has
shown in their own analysis and Professor Dermott Gately at NYU
has shown, it—they can make more money—more revenue by leav-
ing a good bit of that oil in the ground.

Our energy situation changed dramatically 35 years ago when oil
production in the United States peaked in 1970, and it has never
returned to that level. That and the formation of OPEC fundamen-
tally changed the world oil markets. The peaking or the plateauing
of oil production for the entire world outside of OPEC is going to
make an enormous difference as well.

Now I don’t know of anything that could do more to solve our na-
tion’s energy problems in the long run than the creation of tech-
nologies to enable clean and efficient, economical hydrogen-powered
transportation. However, there are major technological barriers,
independent technological barriers that stand in the way of doing
this. And here, I would like to read from the report that—from the
National Academies that Dr. Bodde participated in. They said:
‘‘There are major hurdles on the path to achieving the vision of the
hydrogen economy. The path will not be simple or straightforward.
Specifically, for the transportation sector, dramatic progress in the
development of fuel cells, storage devices, and distribution systems
is especially critical. Widespread success is not certain.’’

The Department of Energy’s own Hydrogen, Fuel Cells and Infra-
structure Technologies Multi-Year Plan echoes these same three
technological challenges. They say: ‘‘Hydrogen storage systems for
vehicles are inadequate to meet customer driving range expecta-
tions without intrusion into the vehicle cargo or passenger space.
Hydrogen is currently three to four times as expensive as gasoline.’’
And I think in saying that, they mean also delivery of hydrogen
and including the cost of that. ‘‘Fuel cells are about five times more
expensive.’’ Some people say ten times more expensive. I would say
in each of these areas, we are facing approximately order of mag-
nitude challenges to changing the technology. Very difficult. And
these technologies are not likely to be self-reinforcing. That is, we
need, essentially, independent scientific breakthroughs in each of
those three areas.
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I think the H–Prize categories correspond well to these key areas
in which breakthroughs are needed.

Another area that the National Academy Committee cited was
the sequestration of hydrogen or production of hydrogen from re-
newables. Sequestration is not a part of this even though it would
be a supporting technology, but I think that is appropriate as well,
because sequestration is needed—going to be needed by many other
fossil-fuel-using technologies, and I personally do not think the
challenges there are as great as the ones for hydrogen that I have
noted above.

I think this bill will increase the likelihood of overcoming these
technological barriers by mobilizing creative minds that might not
otherwise tackle them. And I think the—I would endorse their—the
arguments given by Dr. Diamandis and Dr. Bodde on these points.

I would like to emphasize strongly, as strongly as I possibly can,
that creating the H–Prize cannot substitute for adequately funding
research, development, and demonstration. I realize coming from a
National Lab that is a little bit self-serving, but nonetheless, I
think it is true.

It is sometimes said that science is 95 percent perspiration and
five percent inspiration. We have heard a lot about inspiration, but
I want to emphasize that the perspiration is just as important. And
there is simply no substitute for a sustained and concentrated ef-
fort. Thus, I see the H–Prize as a useful supplement to a well de-
signed and adequately funded R&D program, and I think the writ-
ers of this bill have recognized that appropriately.

I have some other recommendations on specifics of how judges
might be selected. I think that it would be appropriate for the
judges to be selected independently rather than by a government
agency. I think that clearly would show people that there is no po-
litical influence in this and that the prize is going to be awarded
fairly.

Finally, I just wanted to congratulate the Committee and its staff
for listening to the expert panel that it convened previously and re-
flecting those recommendations in their—the legislation, and I
want to wish them every success with this important initiative.

Thank you.
[The prepared statement of Dr. Greene follows:]

PREPARED STATEMENT OF DAVID L. GREENE

Good morning. My name is David Greene. I am a Corporate Fellow of Oak Ridge
National Laboratory where I have researched transportation energy policy since
1977. The comments I offer the Committee today are mine alone and do not nec-
essarily reflect the views of Oak Ridge National Laboratory, UT–Battelle or the U.S.
Department of Energy. I am also a National Associate of the National Academies.
I point out these two affiliations in the interests of disclosure since some of my com-
ments below pertain to these institutions.

We are all aware that our country faces serious energy problems. Despite world
oil prices at or near historic highs, U.S. net oil imports averaged 60 percent for the
year 2005 and for the first three months of this year, as well (USDOE/EIA, 2006).
According to estimates by the Energy Information Administration, oil imports added
$230 billion to our balance of trade deficit in 2005. By my own estimates, U.S. oil
dependence costs, comprised of transfer of wealth to oil exporting countries and neg-
ative impacts on our Gross Domestic Product, amounted to approximately one quar-
ter of a trillion dollars last year (Greene and Ahmad, 2005). By my best estimates,
the economic costs of our oil dependence over the past three decades exceed $3.5
trillion. These estimates do not include political, strategic and military costs which
are difficult to estimate but clearly very large.
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I know of nothing that could do more to solve our nation’s energy problems in the
long run than the creation of technologies to enable clean, efficient, economical hy-
drogen-powered transportation. However, major technological barriers stand in the
way of achieving this goal. I endorse the following conclusions of the National Acad-
emies Committee on Alternatives and Strategies for Future Hydrogen Production
and Use (NRC, 2004) with respect to the technological barriers to hydrogen powered
transportation.

‘‘There are major hurdles on the path to achieving the vision of the hydrogen
economy; the path will not be simple or straightforward.
Specifically for the transportation sector, dramatic progress in the development
of fuel cells, storage devices, and distribution systems is especially critical.
Widespread success is not certain.’’ (NRC, 2004, p. 116)

The Department of Energy’s Hydrogen, Fuel Cells and Infrastructure Tech-
nologies Multi-Year Research, Development and Demonstration Plan identifies three
key ‘‘technology barriers’’ that must be overcome if the vision of hydrogen-powered
vehicles is to be achieved.

• ‘‘Hydrogen storage systems for vehicles are inadequate to meet customer driv-
ing range expectations (>300 miles) without intrusion into vehicle cargo or
passenger space.

• Hydrogen is currently three to four times as expensive as gasoline.
• Fuel cells are about five times more expensive than internal combustion en-

gines and do not maintain performance over the full useful life of the vehicle.’’
(USDOE/EERE/HFCIT, 2005, p. ii)

The H–Prize categories correspond well to the key areas in which breakthroughs
are needed. As stated above, these are, (1) hydrogen storage, (2) fuel cell power train
cost and durability, and (3) the cost of producing hydrogen, especially from renew-
able energy resources. A fourth critical area noted by the National Academy Com-
mittee is the sequestration of carbon if hydrogen is produced from fossil fuels. While
this is indeed key to achieving the full environmental benefits of a hydrogen econ-
omy, I believe that the technological challenges in this area are not as great and,
in addition, that it is not a problem peculiar to the use of hydrogen as an energy
carrier. Other uses of fossil fuels will also likely require carbon sequestration.

From a scientific and engineering point of view, the needed technological break-
throughs appear to be independent. That is, a breakthrough in one area, e.g., on-
board hydrogen storage, will not necessarily increase the likelihood of a break-
through in fuel cells or hydrogen production. The fact that multiple, independent
breakthroughs are needed magnifies the technological challenge. For this reason it
is wise to mobilize creative thinking throughout our society.

I believe that H.R. 5143 would increase the likelihood of overcoming these techno-
logical barriers by mobilizing creative minds that might not otherwise tackle them.
A substantial, prestigious prize provides motivation that an R&D contract cannot:
a challenge with the promise of public recognition for scientific achievement. The
H–Prize will also cast a wider net, potentially including individuals and organiza-
tions that would otherwise not be part of the hydrogen R&D effort.

Let me emphasize as strongly as possible that creating the H–Prize cannot sub-
stitute for adequately funding research, development and demonstration. It is some-
times said that science is 95 percent perspiration and five percent inspiration. The
fact is, there is simply no substitute for sustained and concentrated effort. Thus, I
see the H–Prize as a useful supplement to a well-designed and adequately funded
R&D program.

H.R. 5143 clearly intends to isolate the H–Prize competition from political consid-
erations and conflicts of interest. This is not only the right thing to do but is essen-
tial if the H–Prize is to provide the intended incentives for innovation. With this
in mind, I believe it would be wise to specify in the legislation the independent third
party to be responsible for selecting award winners. Designating an institution such
as the National Academies that has a long and well established history of inde-
pendent, objective assessment would make clear, in advance, that neither politics
nor special interests would influence the selection of winners.

The draft bill states that the Secretary of Energy, through an agreement under
section 3(c), shall assemble a panel of qualified judges to select the winner. . .’’ It
is not clear to me from this language whether the Secretary of Energy has authority
to appoint the judges or whether this authority would reside with the third party
administering the competition. In my opinion, in order to avoid even the appearance
of political influence in the selection of winners, the authority should be given to
the independent third party.
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Finally, I congratulate the Committee and its staff for listening to the expert
panel it convened on the H–Prize, digesting their recommendations and incor-
porating them in this draft legislation. I wish you every success with this important
initiative.

Thank you for your attention. I look forward to answering any questions you may
have to the best of my ability.
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Chairman BOEHLERT. Thank you very much, Dr. Greene. Don’t
worry about being a little self-serving with your testimony. On oc-
casion, we are noted for that, too.

Mr. Baxley.

STATEMENT OF MR. PHILLIP BAXLEY, PRESIDENT OF SHELL
HYDROGEN, L.L.C.

Mr. BAXLEY. Thank you.
Good morning, Mr. Chairman, Members of the Committee. I

want to thank you for your invitation to testify here today. Let me
just, one more time, repeat, I am Phillip Baxley. I am President of
Shell Hydrogen with responsibility for Shell’s hydrogen business
activities in North America.

Shell Hydrogen’s global business was set up more than seven
years ago to pursue and develop business opportunities related to
hydrogen and fuel cells. In fact, I am pleased to note that Shell Hy-

VerDate 11-MAY-2000 17:49 Dec 07, 2006 Jkt 027094 PO 00000 Frm 00044 Fmt 6633 Sfmt 6601 C:\WORKD\FULL06\042706\27094 SCIENCE1 PsN: SCIENCE1



41

drogen was actually asked to testify before this same distinguished
Committee over six years ago on the emerging issue and the
emerging importance of hydrogen.

A hydrogen economy, Shell believes, provides benefits through
economic growth, job development, investment opportunities, and a
sustainable, secure energy supply. Additionally, hydrogen can di-
rectly address air pollution and provide many pathways to address
the reduction and eventual elimination of greenhouse gases.

The primary challenges, at this time, are to further develop fuel
cell vehicle technology and achieve mass production levels. I believe
the development of a Hydrogen Prize can supplement and extend
the great work that is already being done in these areas.

The goal of providing hydrogen as a fuel on a significant scale
requires a coordinated undertaking within all levels of government,
the automotive industry, the energy companies, and the supply net-
work.

From a fuel supply perspective, there has been a hydrogen econ-
omy, and is a hydrogen economy, and hydrogen infrastructure in
place for decades. Globally, 50 million tons of hydrogen are pro-
duced and consumed every year, mainly in our own refineries and
chemical plants, and mostly used for producing clean traditional
fuels. Just to put this number in perspective, this amount of hydro-
gen could power all the family vehicles in the United States if they
were fuel cell vehicles.

Additionally, most areas of significant population are close to hy-
drogen production facilities now. The challenge, then, is to bring
hydrogen into the everyday lives of consumers in convenient loca-
tions.

[Slide.]
This can be done, and it is already being demonstrated concep-

tually, at Shell’s Benning Road station right here in Washington,
DC, which you can see on your monitors here. And I would also
point out that this is an example from Shell, who has been working
on this over seven years, of an example of actually going out and
doing it and trying to make this happen. And I would also invite
those of you who haven’t had the opportunity to come out and visit
the Shell hydrogen station on Benning Road to do so, to drive a
fuel cell car, and to fuel up with hydrogen.

Our Benning Road station is a part of a longer-term goal of es-
tablishing a number of large-scale, integrated pre-commercial ac-
tivities, which we call ‘‘Lighthouse Projects.’’

Last year, through the passage of the Energy Policy Act, Con-
gress demonstrated a commitment to producing commercial fuel
cell vehicles and developing a hydrogen infrastructure. I would like
to commend Representative Inglis for his leadership in introducing
H.R. 5143. The Federal Government can have an important role in
fostering technological innovation. The creation of the Hydrogen
Prize is an important step in that direction.

In support of an H–Prize, I want to highlight three areas: leader-
ship opportunities and significance of visible Congressional sup-
port, involvement and innovation across a broader community, and
commercialization and the growing global market.

First, the H–Prize will raise the profile of hydrogen on the na-
tional stage and demonstrate visible leadership from Congress on
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an important issue for the economy, the environment, and from a
national security perspective. The Energy Policy Act helped the hy-
drogen economy emerge in a larger, more substantial way. A Hy-
drogen Prize demonstrates further leadership to increase public
awareness around hydrogen, thereby working towards a successful
evolution of hydrogen commercialization.

Secondly, an H–Prize will stimulate involvement and innovation
across a much broader community than the Department of Energy
programs or funding alone can provide. The incentives outlined in
the H–Prize Act are competitive, but it is imperative that the H–
Prize is well managed so we do not weaken the Department of En-
ergy program when we are appropriating these funds. It is impor-
tant to expand on the progress being made to the implementation
of the energy bill and continue to develop clear, consistent govern-
ment policy for hydrogen so the market can thrive.

One of the strongest points in support of the H–Prize is the abil-
ity to stimulate involvement and innovation across a much broader
community than it is possible with DOE funding. For example, stu-
dent competitions at universities, at small labs, at start-up compa-
nies, and my favorite is even the folks in their garages will be able
to participate, which has been a hallmark of American ingenuity
and competitiveness in so many other pioneering areas. And per-
haps not just in the United States, but such a prize would likely
attract interest and talent from around the world.

Finally, an H–Prize can only accelerate commercialization and
support the growing global market. The race for global dominance
in the hydrogen economy has begun. Shell believes that hydrogen
will likely be widely used commercially within the next generation
in the United States, Western Europe, China, and Japan. An H–
Prize can play a role in assuring U.S. leadership in the develop-
ment and deployment of a hydrogen economy by attracting world
talents to the United States. The market applications are the ulti-
mate prize for many of the participants, however, the criteria es-
tablished to award prizes needs to be considered well in order to
properly stimulate innovation in the marketplace. The scope of the
prizes awarded through the H–Prize also need to be well defined
and well thought out.

This issue is more important than ever, and we need to do it
right.

Thank you all for the opportunity to testify here today. This con-
cludes my testimony. I would be happy to answer any questions
you have.

[The prepared statement of Mr. Baxley follows:]

PREPARED STATEMENT OF PHILLIP BAXLEY

Good morning Mr. Chairman and Members of the Committee, thank you for the
invitation to testify today. I am Phillip Baxley, President of Shell Hydrogen LLC,
with responsibility for Shell’s hydrogen business activities in North America.

Shell Hydrogen’s global business was set up more than seven years ago to pursue
and develop business opportunities related to hydrogen and fuel cells. Our goal is
to bring hydrogen into commercial use for transportation and other related needs.
Through existing and planned demonstration projects Shell Hydrogen is bringing
hydrogen out of its industrial settings to places where consumers can access it as
a fuel for their vehicles.

You are all aware of the energy challenges we face here in the U.S. and around
the world. In North America, Shell is a leader in the development of unconventional
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hydrocarbon resources, like shale oil and tar sands, as well as renewable energies
and hydrogen technologies. We remain committed not just to increasing the world’s
energy supply, but to broadening its portfolio as well. A national energy portfolio
that includes significant use of hydrogen fuel and fuel cell applications will make
lasting contributions to our future energy needs. Last year, through the passage of
the Energy Policy Act, Congress demonstrated a commitment to producing commer-
cial fuel cell vehicles and developing a hydrogen infrastructure. We are pleased to
see further congressional support through legislation complementing ongoing activi-
ties put in motion by the energy bill.

The goal of providing hydrogen as a fuel on a significant scale requires a coordi-
nated undertaking within all levels of government, the automotive industry, and en-
ergy companies. Most of the research and development attention is focused on find-
ing an inexpensive on-board hydrogen storage solution, and I hope the development
of a hydrogen prize can supplement the work that is already being done. We must
also address the technical and operational challenges through public-private part-
nerships and identify what is needed to accelerate the commercialization of hydro-
gen fuel cell technology. In many respects, hydrogen vehicles must be part of our
primary focus because it is the vehicles themselves that are furthest from commer-
cial readiness.

From a fuel supply perspective, there has been a hydrogen economy and hydrogen
infrastructure in place for decades. Globally, 50 million tons are produced and con-
sumed every year, mainly in our own refineries, for producing clean traditional
fuels. To put this number into perspective, this amount of hydrogen could power all
the family cars in the U.S. if they were fuel cell vehicles.

Additionally, most areas of significant population are close to hydrogen produc-
tion. [Images 1 and 2] Now the test is to bring hydrogen into the everyday lives
of consumers in convenient locations.

This can be done and is already being demonstrated, for example, with our
Benning Road station here in Washington, D.C. [Image 3] As you may know, Presi-
dent Bush and a number of Members, staff and agency officials have visited the fa-
cility—over 1,400 visitors since the November 2004 opening.

The Benning Road station is part of our longer-term goal of establishing a number
of large-scale, integrated pre-commercial activities, which we call ‘‘Lighthouse
Projects.’’ We are focusing on a limited number of projects—mainly transportation
applications involving hundreds of vehicles and several combined hydrogen and gas-
oline refueling stations. Because significant numbers of vehicles are required for
‘real world’ operational experience in order to validate network supply and refueling
operations, we are focused on the northeast and west coast corridors at this time.
Before the end of the year, we plan to have two more stations on-line in New York
and Los Angeles.
The Hydrogen Prize Act of 2006

I would like to commend Representative Inglis for his leadership in introducing
H.R. 5143. The Federal Government can have an important role in fostering techno-
logical innovation—the creation of the Hydrogen Prize is an important step in that
direction.

My remarks will cover the following areas:
1. Leadership opportunities and the significance of visible congressional sup-

port.
2. Involvement and innovation across a broader community.
3. Commercialization and the growing global market.

First, the H–Prize will raise the profile of hydrogen on the national stage and dem-
onstrate visible leadership from Congress on an issue that is important for the econ-
omy, the environment and from a national security perspective.

A hydrogen economy will not emerge by virtue of technology alone. Any develop-
ment will be a combination of technology, economics and policy decisions.

The Energy Policy Act helped the hydrogen economy emerge in a larger, more
substantial way. A Hydrogen Prize demonstrates further leadership to increase pub-
lic awareness around hydrogen, thereby working toward a successful evolution of
hydrogen commercialization.

Shell sees hydrogen as an important part of our future energy mix. To market
hydrogen within the foreseeable future, we working along two channels—first, to in-
crease public awareness of hydrogen-based projects and further explore retail hydro-
gen fueling stations, and second, by actively supporting technological development
essential for rendering hydrogen accessible to a broader market. We work with part-
ners to promote and support the development of the infrastructure and technical so-
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lutions that the world needs because we know we cannot do it alone. On the basis
of raising the awareness of hydrogen and promoting it as a stable energy carrier,
this legislation will provide an opportunity to address these challenges, as well as
allowing for new technical jobs and building new supply chains.

There are several critical hurdles to overcome before hydrogen can reach its full
potential in the market. Shell will continue to work together with our partners in
the industry and different areas of government to achieve sufficient levels of mass
production to drive down costs while meeting the energy needs of the country. It
will be helpful to open up to a broader group through the management of a prize
because prize incentives have a place in conquering our emerging technology hur-
dles.

Secondly, an H–Prize will stimulate involvement and innovation across a much
broader community than the Department of Energy programs and funding alone can
provide.

The incentives outlined in the H–Prize Act are competitive, but it is imperative
that the H–Prize is well managed so we do not weaken the existing Department of
Energy program budget when appropriating these funds. It is important to expand
on the progress being made through the implementation of the energy bill and con-
tinue to develop a clear, consistent government policy for hydrogen that the market
can thrive in.

One of the strongest points in support of an H–Prize is the ability to stimulate
involvement and innovation across a much broader community than is possible even
with DOE funding. For example, student competitions, universities, small labs,
startup companies, even folks in their garages can participate—which has been a
hallmark of American ingenuity and competitiveness in so many other pioneering
areas. And perhaps not just in the U.S., but such a prize would likely attract inter-
est and talent from around the world as well.

A hydrogen economy provides benefits through economic growth, job development,
investment opportunities, and a sustainable secure energy supply. Additionally, hy-
drogen can directly address air pollution and provides many pathways to address
the reduction and eventual elimination of greenhouse gases. The primary challenges
at this time are to further development fuel cell vehicle technology and achieve
mass production levels. Commercialization will not be achieved without these two
components working with our effective utilization of refueling facilities and supply
systems.

The current Department of Energy funding and fuel validation program are ex-
tremely important technology development programs. To move research to reality
now requires further attention to the bridge that needs to be built in the next ten
years from small-scale demonstrations toward commercial operation.

Finally, an H–Prize can only accelerate commercialization and support the grow-
ing global market.

The race for global dominance in the hydrogen economy has begun. Shell believes
that hydrogen will be widely used commercially within the next generation—in the
United States, Western Europe, China and Japan. An H–Prize can play a role in
assuring U.S. leadership in the development and deployment of the hydrogen econ-
omy by attracting world talents to the U.S.

The benefits of hydrogen as a clean, competitive energy solution can be delivered
to millions of people around the world in the next twenty years. Any innovation re-
quires time because of technical issues, public acceptance and practical experience.

It is often said that developing the hydrogen economy will be a marathon, not a
sprint. The course will not be completed quickly; we need to prepare for a long com-
mitment. This is an evolution; we cannot switch to the new vehicles or construct
a whole new infrastructure of hydrogen filling stations and distribution networks all
at once.

As with all energy transitions, this transition will take time and occur in phases.
Technological advances and market acceptance are expected to define the phases.
In addition, a corresponding education effort in hydrogen safety will ensure public
readiness as hydrogen becomes increasingly available.

The use of hydrogen will accelerate over the next 10 to 20 years as the tech-
nologies and infrastructure evolve. The market applications are the ultimate prize
for many of these participants. The criteria established to award prizes needs to be
well understood in order to be valuable in the marketplace. The scope of the prizes
awarded through the H–Prize Act need to be well defined. This issue is more impor-
tant than ever and we need to do it right.
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Conclusion
Increased use of hydrogen as a fuel provides benefits to energy security, the envi-

ronment and economic growth. Developing a Hydrogen Prize is attractive from a
public policy standpoint because hydrogen can be produced from a wide range of pri-
mary energy sources—finding the most efficient and marketable way to do this is
definitely something the government is in the position to promote and lead. The fu-
ture is in our hands and the obstacles can be overcome if we make the right choices
about hydrogen today.

Thank you for the opportunity to appear before the Committee today. This con-
cludes my testimony. I would be pleased to answer any questions you may have.
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BIOGRAPHY FOR PHILLIP BAXLEY

Phil Baxley is President of Shell Hydrogen LLC and General Manager of Business
Development for Hydrogen in North America. Shell Hydrogen, a unit of Royal Dutch
Shell’s global Renewables and Hydrogen business, was established in 1999 to pur-
sue and develop business opportunities related to hydrogen fuel and fuel cells. Mr.
Baxley has been with Shell Hydrogen for six years, with prior Shell assignments
in Exploration and Production, Business Development, Research & Development
and Engineering. Before joining Shell, he was an Environmental Consultant with
Intera Technologies of Austin, Texas. Mr. Baxley has degrees in biomedical engi-
neering (Rice University) and chemical engineering (University of Florida) and
serves on the Boards of Questair Technologies and the National Hydrogen Associa-
tion.

DISCUSSION

Mr. INGLIS. [Presiding.] Thank you, Mr. Baxley.
The Chairman put me in the Chair, so that means I get to ask

questions first, which is a wonderful opportunity.
And I would take us back to 1957. Sputnik has just been

launched, and you know, maybe it doesn’t matter. Maybe we
should just let the Russians go to the moon, and perhaps the mar-
ket will come up with a solution. Perhaps someone will want to go
to the moon and compete with the Russians. And maybe it doesn’t
matter. Maybe the government doesn’t need to do anything.

That is not exactly what happened in 1957 and following. What
happened was we in America responded and began an enormous
race, a race that has benefited us ever since with all of the tech-
nology that we are enjoying even as we sit here.

So to those that missed the national security implications of our
current posture from reliance on a fuel source that we don’t control,
I would encourage them to think beyond the possibility that maybe
the market can come up with a solution to that. Perhaps there is
a role for government in getting us, as quickly as possible, beyond
this danger point that we are in.

So that is not a question. That is further commentary.
But Mr. Baxley, why is it important to accelerate the commer-

cialization? Maybe the market is just going to get there. The mar-
ket, as you said, is the prize. Why accelerate to commercialization?

Mr. BAXLEY. Well, for us, for me, as a businessman, Shell is in
this as a business, and we view hydrogen, biofuels, solar, wind, all
as business opportunities for the future. We see the need for those
businesses. And so in any of those businesses, we are looking for
opportunities as to how do we move that towards commercial re-
ality sooner than later. How do we take those investments and
make them real? So for hydrogen specifically, I think the challenge
is, a lot of—in a lot of cases, there is great technology work being
done. There is a great deal of work being done on how to make this
happen within companies, within the government, but I think there
is also a need to address many of the other aspects of hydrogen.
That is, raise the awareness on the part of the public, in terms of
consumers about hydrogen and the realities, and the H–Prize is
one way, among many, that we might do that.

So one of the attractive features of us as the Hydrogen Prize, and
by the way, the Hydrogen—a Hydrogen Prize is something that we
in Shell have been thinking about, actually, for some time would
be a good motivator. If done properly, a Hydrogen Prize would be
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a good motivator to inspire to engage a much broader community
to work on not only the technical challenges but also to drive to
bring this to reality. Because what we found is that when you get
technology to the marketplace, that is when the real innovation
happens. So as soon as possible, they are looking for ways to in-
spire people to put the technology, to get it applied, and let the in-
novation happen after that.

Mr. INGLIS. Dr. Diamandis, is that inspiring the public, what you
are talking about, with a paradigm change?

Dr. DIAMANDIS. It is, and the question, sir, is the prize has to be
simple and well defined. And for example, when we did the Ansari
X Prize, there were so many different ways we could go. And there
is an issue of what I call sufficiency. We didn’t shoot, for example,
for the Prize to go to orbit. In fact, originally, we were shooting for
a Prize to go to 100 miles altitude, and we backed it off from 100
miles to 100 kilometers, 62 miles. Most people don’t know the dif-
ference between the two, but we did. The energy requirements
were significantly more. And by taking 100 kilometers and three
people, which took us a year of work to figure out that one crisp,
clear goal. We were—it was achievable. It was sufficient—it was an
issue of sufficiency. It was sufficiently large enough to capture the
passion and get things going. And now that that is in place, the
industry has ignited. We are talking to NASA about a $50 million
orbital prize.

So my question is, you know, to pick the right problem to solve
to get people thinking about this stuff differently. In space tourism,
or personal spaceflight, 10 years ago, was a laughable matter. Peo-
ple, you know, thought it was this far away thing, not possible.
The—you know, the Ansari X Prize brought it into, ‘‘Oh, yeah. It
is now possible.’’ And it changed the way people thought about
that.

So I would say in issue of energy independence and so forth, you
know, what is that right first prize that is achievable in the near
term and, once achieved, then ignites people and people say, ‘‘Oh,
of course we can get independent of oil. Of course we can reduce
CO2 emissions.’’ So I—those are my thoughts on that.

Mr. INGLIS. Thank you.
I think my time has expired.
Dr. Lipinski.
Mr. LIPINSKI. Yeah. Thank you.
Thinking about the X Prize makes me go back to—it probably

was the late ’70s, not that anyone remembers the TV show ‘‘Sal-
vage 1’’ where, essentially, that was it. Some people put together
in their backyard a—some sort of rocket ship. That is about all I
remember about it, but it certainly, as a kid, really got me even
more interested. I was interested in the space program and every-
thing, but that idea really did resonate with me. I don’t think it
resonated with too many viewers, because I don’t think it was on
too long, but—so I like that idea.

But I want to go to Mr. Baxley who sort of brought this up and
suggested that we will have people with this H–Prize, you know,
working on—in their garages. And it will bring all kinds of people
into working on this hydrogen project because of the H–Prize.
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My big question is: is it going to really be—I want to hear what
everyone has to say about this. Okay. Mr. Baxley, from Shell, cer-
tainly Shell is on a different—completely different playing field
than someone in their garage or any other researchers probably.
Who is really going to be inspired to get involved in this? Is it actu-
ally going to wind up being the big corporations who are already
doing some of this research who are really going to be the ones who
are doing this? Or is this—and so it is not going to really make a
difference. Or are there going to be other people who the prize ac-
tually gets them interested in it, and do they actually have a
chance to make the type of breakthrough that someone with a com-
pany with a large amount of money behind it has the ability to do?

So I just wanted to go and I want to ask each of the witnesses
what their thoughts are on this. So we will start with Mr.
Diamandis.

Dr. DIAMANDIS. Thank you, sir.
I think, again, if the prize is well structured and dramatic

enough, there are enough billionaires and multi-millionaires out
here that would love to go and win this. Paul Allen gives credit to
the X Prize for the $25 million investment he put into
SpaceShipOne’s development. He read about it on the internet and
said, ‘‘Wow, this is a really cool thing.’’ You know, ‘‘Who can I get
to go and win this?’’ And he teamed with Burt Ratan, who had pre-
sented it to him, and he went and pursued this.

So again, it has to be something that is dramatic. It has got to
be something that evokes heroism. And it can’t just be about a
technology. You know, GE’s efficient refrigerator did not make
front pages, but humans risking their lives and doing something
amazing does.

Dr. BODDE. Sir, I recently had the privilege of talking to a group
of high school students in Greenville, South Carolina, and this was
after Congressman Inglis had just introduced the idea of the H–
Prize. And I think, starting not from the billionaires but from the
other end of the market, I want to be able to look at a class of stu-
dents and say, ‘‘Look, this is important stuff, and there are career
opportunities for you in this. And if you are good enough, and I
want all of you to be good enough, you can win this prize, and here
is what it is. And it is going to be available for you, and you can
work your way through this lengthy pipeline, from difficult science
classes to difficult college science classes to a doctorate to a re-
search institute, and you could win this thing.’’ I want to be able
to say that. And if I can say that with credibility and people all
over the country can do that, I think we will have considerable mo-
tivation.

Mr. LIPINSKI. Dr. Greene.
Dr. GREENE. Well, I think I agree with both of these points. En-

trepreneurs, with some money to risk and the desire to take a risk
and see if they can achieve, that is one. People at—professors at
universities who might be inspired to try this with an idea that
doesn’t require a lot of money but is something no one else has
thought of. Through—I think the motivation for a large company
like Shell and their research laboratories is smaller but still there.
They would like to win the prize, I think, and get the recognition
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for that. Of course, for us, National Laboratories, we are specifi-
cally excluded, but I think that is okay.

Mr. LIPINSKI. Well, Mr. Baxley, does it make a—does this really
make a difference to Shell? And the other question would be—I
would—I don’t know enough to know specifically, but I would imag-
ine, okay, you are with Shell Hydrogen. There must—you must be
at a point and have information, have the research done that would
put you ahead of others, at this point, being able to reach the—this
prize. I—so does it make a difference? You had said it would make
a difference. So for a second question, do you think your company
and other companies are probably far ahead of anyone else in being
able to reach this?

Mr. BAXLEY. Well, let me just make a couple of comments.
I think, first of all, Shell, very much, is focused on, you know,

how do we bring the fuels our customers are going to need to the
market for the 15,000 retail outlets we have in the country. How
are we going to make a business out of that? But there are many,
many more aspects to doing that. This is not just about the tech-
nology. It is about the market acceptance. It is about all of the
codes and standards that have to be developed. It is about aware-
ness on the part of fire marshals, awareness on the part of con-
sumers. It is really an exposure of all of this stuff that has to hap-
pen, and we are working on that, not just on technology but we are
working on outreach programs through the National Hydrogen As-
sociation and others. But the Hydrogen Prize, to us, is much more
about raising—simply raising the debate, raising the dialogue, rais-
ing the awareness that hydrogen is not only challenging, but is also
attainable, and it is also something that is something that this
country should pursue as one option, as one big option, and try to
make that happen. No assurances it will happen. We are com-
mitted to it. The Hydrogen Prize is really a testament to the gov-
ernment and to the government’s leadership in trying to make that
happen, not only in the way that it inspires entrepreneurs to par-
ticipate. I will give you a specific example for Shell Hydrogen. We
are not only doing hydrogen stations, we are the only ones setting
up joint venture companies to work on technologies with other
partners. We also have set up two venture funds, one here in North
America, and one in Europe, and we are setting up one in Asia.
Those venture funds that we invest with other companies specifi-
cally for the purpose, not only of understanding what other tech-
nologies are out there, what other opportunities there are to invest
in, but to seed the things that need to happen that—we can’t do
all of that ourselves. There are so many things that need to hap-
pen. And such a large undertaking is moving—this is really an un-
precedented undertaking, if you think about it, to move from where
we are with petroleum-based fuels, to move to a hydrogen fuel in-
frastructure with hydrogen-fueled vehicles. There are so many as-
pects to that. A Hydrogen—the Hydrogen Prize touches on many,
many of those things, not only in technology, not only public aware-
ness, it also touches on an incredibly important issue to us, as a
business, and that is inspiring people like you, Congressman, but
scientists and engineers we are going to need in the future to—as-
piring them to get into this business. So many, many positive as-
pects from a fairly modest investment.
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Chairman BOEHLERT. Thank you very much.
Mr. LIPINSKI. Thank you.
Chairman BOEHLERT. The gentleman’s time is expired.
We want inspiration and incentives, and this is a combination of

the two.
Dr. Diamandis and Dr. Greene, here is one for you.
You both mentioned the important need to clarify and clearly di-

vide responsibility for the Prize between DOE and whatever entity
is chosen to administer the Prize. First, we may need to make even
clearer that we do expect an outside entity to administer the
award. At what division do you recommend? And what if DOE es-
tablished a criteria for the Prize and some criteria for selecting
judges, such as avoiding conflicts of interest, which is a natural,
and then let the administering organization pick the judges and
the winner. Would that work? And does that description leave out
any task?

Dr. Diamandis.
Dr. DIAMANDIS. Thank you, Mr. Chairman.
I think your point is a very, very important one.
The DOE, using them as the example, should really be defined—

it should be, really, in charge of providing the capital, the Prize
money, and helping to define what are the problems they want to
solve. After that, I believe that the hand-off should take place to
an organization that can manage and run the Prize.

What do I mean by that?
The rule development is something that from—in our organiza-

tion, we bring—my vice chairman, for example, is the Fellow Bob
Weiss, who has produced 26 motion pictures. The human drama
element, the story line of the Prize is very critical. The technology
development is the package in the middle and wrapped around it
is the human story. And if that is not taken properly—I—so I don’t
think the engineers in DOE are going to worry about that part,
how it is portrayed on television or the front page in newspapers
or talked about on the—around the water cooler. And in fact, it is
that packaging that really allows the marketing and the expansion
and generates the paradigm shift. The technology comes along for
the ride.

So the rules development, I agree with the comments made ear-
lier, that the judging should be completely independent, so it is a
group—the outside managing organization selects qualified
judges——

Chairman BOEHLERT. So the administering organization picks
the judges——

Dr. DIAMANDIS. Yes.
Chairman BOEHLERT.—and the winner?
Dr. DIAMANDIS. Yes. Should select the judges. The judges would

then select the winner. The rules have to provide for very clear-cut,
measurable results that the judges can say they either met or not.
Period.

Chairman BOEHLERT. So the Prize selection criteria would be de-
veloped by the administering agency?

Dr. DIAMANDIS. Yes, sir.
Chairman BOEHLERT. Okay.
Dr. Greene.

VerDate 11-MAY-2000 17:49 Dec 07, 2006 Jkt 027094 PO 00000 Frm 00055 Fmt 6633 Sfmt 6601 C:\WORKD\FULL06\042706\27094 SCIENCE1 PsN: SCIENCE1



52

Dr. GREENE. I think that is about right. That satisfies my con-
cern that despite the fact that the Secretary of Energy is obviously
a person of great integrity, you don’t want to put him in the posi-
tion of being political appointees selecting the judges for the tech-
nical contests. Rather, that should, I think, be done independently
so that it is very clear to everybody involved there is no politics in
this. There is no bias. There is no anything. This is going to be a
fair and open competition. I think that is absolutely essential. And
I think it is correct that the Department of Energy should say,
‘‘These are the things we want to get out of this Prize.’’ They have
very carefully developed an R&D plan that, with consultation with
industry, with consultation with the universities and all across the
board, they know what the technical challenges are.

And I guess my only issue is that it must be that the admin-
istering organization understand those technological questions as
well.

Chairman BOEHLERT. Another comment?
Thank you very much.
Mr. Udall.
Mr. UDALL. Thank you, Mr. Chairman.
I want to welcome the panel. Thank you for your time today.
There are, as you all know, a number of myths associated with

hydrogen and the hydrogen economy. And as you point out in al-
most all of the testimony today, we have a long road to travel to
build the infrastructure, to educate citizens. But in particular, in
that spirit, I want to focus on the question of should the Prize be
targeted explicitly at renewable hydrogen production. Right now,
most of the hydrogen, as I understand it, that is produced, is pro-
duced by reforming conventional fossil fuels. And if that is the road
down which we are going to travel, I think the benefits are less,
obviously, than if we move to a—truly a new energy regime, a new
hydrogen energy regime.

So I wanted to direct that question at the panel. And also, if you
could, talk about any technological hurdles that we would expect
to overcome.

Maybe I can start from right to left, my right to left, Mr. Baxley,
and then move across.

Mr. BAXLEY. Well, thank you, Congressman.
I would say that, certainly, Shell believes that the road to a hy-

drogen economy has to go through sustainability, and it ultimately
has to be delivered—renewable hydrogen. And that is a challenge
we are working on. I think, and though we haven’t worked out
the—I would fully support that an aspect of the Prize has to be
about, you know, how do we do that. How do we get the sustain-
able green hydrogen?

Mr. UDALL. Next, Dr. Greene.
Dr. GREENE. I agree with that. I think all of the analyses we

have done indicate that the cheapest way to make fossil—to make
hydrogen is from fossil fuels, in the future from coal rather than
from natural gas, as it is made today.

I think we face a question as to how important it is to keep the
price down in—especially in the early stages of introduction versus
have renewable. But it is clear that if we make hydrogen from coal
and we don’t sequester the carbon, we will increase greenhouse gas
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emissions rather than decrease greenhouse gas emissions, even
with the efficiency improvements that hydrogen fuel cell vehicles
would offer.

Mr. UDALL. Dr. Greene, is it—technological research suggests
that it is easier to sequester that carbon than it would be in a con-
ventional power plant today?

Dr. GREENE. Yes.
Mr. UDALL. Yes.
Dr. Bodde.
Dr. BODDE. Well, I certainly agree with those comments, but I

would just add one other thing, and that is that the beginning of
a hydrogen economy will probably produce hydrogen very dif-
ferently than we will in a mature, steady state hydrogen economy,
and we ought to allow for that prospect as well in thinking about
the H–Prizes, because we have to remember what these H–Prizes
do. This is seed capital. This is the very earliest innovation capital
into an area. And if done right, it springs loose the rest of the
whole thing. But if we go right for the end state at the very begin-
ning, we may never get there. It may be too hard.

And so I certainly agree with the other comments, but I would
at least allow a possibility for production of hydrogen from fossil
fuels, properly sequestered as well.

Mr. UDALL. I apologize if I mispronounced your name.
But what you are saying is you want to spread the technology,

get people excited, demonstrate it, and if that involves the tradi-
tional approaches to producing hydrogen today, you think that is
a trade-off worth accepting, knowing that over time we can move
to the more visionary hydrogen economy that we all are excited
about?

Dr. BODDE. Yes, sir. I believe that is the case. I believe there will
be a transition period in which we will have to do things that will
be, perhaps, less than optimal from the ultimate hydrogen economy
perspective, but those will fade eventually.

Mr. UDALL. Doctor?
Dr. DIAMANDIS. Sir, one of the best points about prizes is if they

are properly structured, and I can’t stress that enough, they don’t
prejudge the solution, and they allow for radical ideas to come bub-
ble up from outside the normal industry. Again, one of the difficul-
ties, of course, is that we are humans and we have developed in-
dustries, and we have—we tend to see things within the way we
are used to. But if a prize is properly structured and the rules are
set, you really have the ability for something to blindside you out
of no place: genetically engineered algae or microbes that generate
hydrogen or new physics, a new chemistry that comes from a lab-
oratory some place in the middle of, you know, a small town in
India. You know, those are the things that you hope for. And every-
thing—the entire success of the Prize 5 or 10 years out all depends
on what is done in the first six to 12 months of writing those rules.
But if the rules are written properly, great. But the chances are
very much against those. And there are some great stories I can
tell you about rules properly—not properly written that would
waste $100 million.

Chairman BOEHLERT. Well, we can tell you some of those rules,
too.
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Mr. UDALL. I would——
Chairman BOEHLERT. The gentleman’s time has expired.
Mr. Rohrabacher.
Mr. ROHRABACHER. Thank you very much, Mr. Chairman.
I would like to thank you, Mr. Chairman, for your leadership on

this and other issues dealing with energy and trying to find an-
swers to the challenges that we face in the future.

And special thanks to Chairman Inglis and the leadership he is
providing specifically on this issue. And I look forward to working
with you and developing this concept and getting this through the
process.

Let me start, however, with one fundamental question about hy-
drogen that is actually stemming from Mr. Udall’s questions, and
that is: we do have to have a fundamental other energy source in
order to make the hydrogen before that becomes anywhere near
economically feasible, is that correct? Well, we—as we just heard.
Why is nuclear energy not one of the things that is being on the
plate here? I mean, I didn’t hear any discussion about nuclear en-
ergy. Isn’t that the ideal, if we are talking about greenhouse gases,
which I may or may not be concerned about in terms of global
warming, but I may be concerned about getting things going into
the air for other reasons? Isn’t nuclear energy the ideal source of
energy for producing hydrogen?

This is to the panel. And of course Mr. Diamandis doesn’t want
to comment on that, but what about the other three? And then I
will have one for you, Mr. Diamandis.

Dr. BODDE. Well, I—in my judgment, sir, I certainly think that
is on the table. I certainly think it should be one of the competitors.
But as my colleagues have said, one does not want to prejudge the
solution. One wants an open competition for these kinds of early
stage breakthroughs without any bias toward one or another of the
contestants.

Dr. GREENE. There are, essentially, two pathways that are being
considered in the research program with respect to nuclear energy.
One is nuclear energy via electrolysis to produce hydrogen. That
has very serious cost problems. Nuclear energy is a relatively ex-
pensive way to make electricity in the first place, and electrolysis
is currently the most expensive way to make hydrogen, so you have
a very difficult problem on that path.

In the long run, there are thermochemical processes that are
being worked on, but most, including the National Academy report,
consider these to be among the most long-term future technologies
for producing hydrogen. That would be where you would like to go,
an efficient means of using nuclear energy to thermochemically dis-
sociate water and produce hydrogen. But that is two, three—some
number of decades off, according to best judgment.

Mr. ROHRABACHER. However, the use of nuclear energy to do this
would—I mean, we have that technology and that knowledge now,
correct?

Dr. GREENE. Via electrolysis.
Mr. ROHRABACHER. Right.
Dr. GREENE. It is just very expensive.
Mr. ROHRABACHER. How expensive are we talking about?
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Dr. GREENE. I will have to get back to you on that, but I think
it is several times more expensive than, say, producing from coal
or natural gas.

Mr. BAXLEY. Congressman, I appreciate you raising that issue,
because the point I want to make, just to reiterate, is that we view
hydrogen very much like we do electricity. It is what I call ‘‘liquid
electricity.’’ So hydrogen is a universal—the universal power fluid.
And the attractiveness of hydrogen is that it allows for the poten-
tial to make fuel and other uses from a wide diversity of domestic
supply. Nuclear is just one of them.

Mr. ROHRABACHER. Right.
Mr. BAXLEY. I couldn’t tell you whether it is nuclear, coal, solar,

wind. I can’t even predict the price of oil a year in advance, so I
want to—don’t want to prejudge that, but certainly nothing, that
we know of now, and certainly nuclear and coal are two obvious
ones that we have large domestic reserves of. They are not off the
table.

Mr. ROHRABACHER. Okay.
Mr. BAXLEY. But in the near-term, I think, you know, we are

more pursuing how do we make sure it is safe, how do we make
sure it is available for the customers, how do we make it afford-
able, and in the long-term, how do we make it sustainable.

Mr. ROHRABACHER. All right.
Well, let me put, for the record, Mr. Chairman, that the high

pressure helium reactor that I have mentioned in this committee
once before offers the production of energy and electricity. This is
a new reactor system developed by General Atomics in San Diego,
which currently has reactors working in Japan and in one other lo-
cation. The—this reactor, and I remember that you had followed up
on that question the last time we had a hearing on this, offers an
opportunity to provide that energy without the byproduct of pluto-
nium, which actually this reactor actually eats plutonium, so thus
we could produce hydrogen and energy in the third world without
leaving the remnants over that could be used for nuclear weapons.

In terms of the actual Prize itself, Dr. Diamandis, you have been
very successful. I remember we had a meeting in, I think, my back-
yard on this years ago. You have been very successful in the goals
that you have set out and the methodology that you have achieved,
but you were very specific in what you wanted to have achieved.
And it was the first people who achieve the goal, rather than hav-
ing a panel of judges deciding which of many people have met the
standards, do you find this approach so far to be less definitive
than what your operation was?

Dr. DIAMANDIS. Good to see you again, Congressman Rohr-
abacher.

Mr. ROHRABACHER. Good to see you.
Dr. DIAMANDIS. The—as I mentioned, understanding the problem

set was very important for us. For example, for the Ansari X Prize,
it wasn’t developing a new rocket engine. You know. It was—the
problems we were trying to solve were that the public didn’t believe
that private people could fly into space. That was the biggest prob-
lem. The capital was not ever being invested in this arena. The reg-
ulatory laws didn’t exist to allow private industry to do these
things. These were the problems that we were—we decided what
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the problem statements were, okay, and whether that comes from
DOE or it comes from yourselves, the—those problem statements,
and then we went through this iterative process of coming up with
prize ideas, taking those prize ideas, testing them with the public,
with sponsors, with potential contenders, and then iterating it until
we came up with a clear set of rules. And I do think, because of
our genetic inbreeding as humans, we compete. And that is
where—we do the best when we compete, whether it is on the foot-
ball field or whether it is wherever. It——

Mr. ROHRABACHER. Is it important to do the first person who
achieves this or is it to have——

Dr. DIAMANDIS. I think you get the——
Mr. ROHRABACHER.—a judgment as to who best achieves it?
Dr. DIAMANDIS. We have studied this in great detail, and our

feeling is that having the first person to achieve but having a
second- and third-place prize as well, but you have a frontrunner
out there and a second and third place allows those who might not
think they can win first prize still to come and you double and tri-
ple the number of competitors that way.

Mr. ROHRABACHER. Thank you very much.
Chairman BOEHLERT. The gentleman’s time is expired.
And if I am interpreting correctly what the gentleman said in his

preamble to his question, he is arguing for a balanced portfolio as
he introduces the subject of nuclear into the equation. And I think
we can all agree that a balanced portfolio is absolutely essential,
and I thank the gentleman for acknowledging some leadership. The
test of leadership is whether there is followership, so I would be
more than willing to meet with the gentleman in his backyard, as
he did with Dr. Diamandis, to talk about such things as CAFE
standards, because I know the gentleman is concerned about na-
tional security issues, and that is a national security issue.

Mr. Miller.
Mr. MILLER. Thank you, Mr. Chairman.
And Mr. Chairman, I am going to be—I am going to try to be

on my best behavior today.
I want to pursue questions very like the questions that others

have pursued and several of you have referred to. Dr. Diamandis,
you said that a prize should not prejudge the solution, that you
should account for the possibility that the solution that emerges is
not one that you expected. Dr. Bodde, is it? Dr. Bodde, you said
that the outcome should not be biased by the prizes.

I am concerned that by pursuing a hydrogen economy we are al-
ready biased towards a solution, because the real challenge before
us, I agree with what Mr. Inglis said that we need to have a re-
sponse to our energy needs that is similar to what happened after
Sputnik, but I am not sure that that quest is for a hydrogen econ-
omy specifically but for some approach to energy that is sustain-
able, that makes us energy-independent and that does not produce
greenhouse gases that I do worry are going to affect the climate.

And not everyone is sold that the hydrogen economy is the way
to go, that the hydrogen economy will be the winner of the various
competing forms of energy. The problems are actually pretty well
described in the prize categories. The advancements for hydrogen
production. Well, several had pointed out that hydrogen is not ac-
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tually a source of fuel, that there are not large reserves of hydro-
gen. Hydrogen has to be stripped from another fuel source.

At other hearings before this committee, witnesses have testified
that hydrogen is not actually a source of fuel, it is a method of—
or not a source of energy, but is a method of transporting energy,
and we are going to have to find the hydrogen from somewhere.
And if it comes from finite sources of energy, not renewable, sus-
tainable sources of energy, perhaps we are not making that great
an advance in going to a hydrogen economy.

Also, the present methods for stripping hydrogen out of other
fuel sources is pretty dirty. And yes, hydrogen may only produce
water, but the process of getting the hydrogen is dirty.

Hydrogen storage. There have been plenty of suggestions, or
some suggestions, at least, that leaks hydrogen, that is widely
being used, that there is a—that there are thousands or millions
of hydrogen cells in the economy in the United States. Small leaks
will actually have a pretty significant environmental impact there.

Hydrogen distribution. We have got a lot tied up in an infrastruc-
ture for fuel that is a liquid on planet Earth, which hydrogen is
not. Hydrogen utilization may be the easiest problem to solve.

By making this Prize about hydrogen, are we not already biasing
towards hydrogen as a solution to our energy needs instead of the
other solutions that may be out there?

Mr. Boehlert mentioned conservation, mentioned CAFE stand-
ards. He—I have sponsored the legislation that he is one of the
principle authors of to require fuel efficiency standards I think by
2013 but we can easily achieve with existing technologies. Why are
we not doing more about conservation? Are we biasing our energy
approach by focusing this Prize and so much that we are doing that
focuses on the hydrogen economy?

Dr. Diamandis.
Dr. DIAMANDIS. Thank you, sir.
I should say that for many of those same reasons, we believe that

a new generation of automobiles that significantly exceed 100 miles
per gallon equivalent is possible, and we are looking to launch this
year an automotive X Prize along those lines, specifically for the—
I think a lot of the issues driving this legislation: reduction of CO2
emissions and energy independence. So you know, we have at-
tacked it based—we are looking, in our foundation, to attack that
specific niche in the near term, because while we are talking about,
you know, generational solutions here in this committee, we are
trying to focus on what can be done in the next three years. And
we do believe a prize for the design, development, marketing, and
putting cars on the road, not just prototype cars, is possible
through a prize area.

What you are talking about is an E–Prize, an energy prize,
versus an H–Prize.

Mr. MILLER. Right.
Dr. DIAMANDIS. And it depends, again, where the DOE wants to

draw the circle. Does it want to draw it specifically on hydrogen or
around energy? And of course that problem statement then defines
the competition you are going to run.

Mr. MILLER. Dr. Bodde.
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Dr. BODDE. Yes, sir. I think there are—a lot of the ability of the
Prize to incentivize a variety of technologies, a portfolio of tech-
nologies, will come from the way the boundaries are drawn on—
around what is eligible and what is not. That is what I argued for,
including enabling technologies, battery technologies, for example,
that are perfectly fungible for all electric vehicles versus hydrogen
vehicles. Either way, we need good battery technology. Either way,
we need good energy management systems onboard vehicles.

So I think if the boundaries are drawn properly that an H–Prize
can incentivize many of the technologies we would want in an E–
Prize in general.

Mr. MILLER. Do you think, Dr. Bodde, that it should be an E–
Prize instead of an H–Prize? Is what we are getting at not—really
an energy solution, not a hydrogen solution? Are we not biasing
this towards hydrogen among the various options that—we are not
sure which one is going to work, which—as you said earlier, we
shouldn’t bias the outcome.

Dr. BODDE. Well, I think either one would work, quite frankly.
Mr. MILLER. An E–Prize as well as an H–Prize?
Dr. BODDE. Yes, but it is important to do something. It is impor-

tant not to let this whole thing pass and not take some action, in
my view.

Mr. MILLER. Dr. Diamandis, should it be an E–Prize?
Dr. DIAMANDIS. It depends on what this—what the Congress,

what the White House wants to achieve. At the top of the game,
it may well be both, and I shouldn’t—you know, my favorite saying
is: ‘‘If you are given a choice, take both.’’ An E–Prize, in the near-
term, in terms of looking at biofuels and renewables and so forth
where hydrogen is one of the solution sets for the long-term, may
be the most efficient way to go.

I do know we have an immediate problem, and entrepreneurship
in this country can bring about immediate solutions, if we properly
incentivize them.

Mr. MILLER. And if I—just one more second, Mr. Chairman.
Mr. Baxley said that he could not predict petroleum costs a year

in advance. The people in my district can’t predict the price at the
pump in the morning what it will be at in the afternoon, so yes,
we do have an immediate problem.

Chairman BOEHLERT. You are darn right we do.
Thank you very much, Mr. Miller.
Mr. McCaul.
Mr. MCCAUL. Thank you, Mr. Chairman.
I want to thank Chairman Inglis for introducing the legislation.

I am proud to be an original co-sponsor on the bill. I think hydro-
gen does provide a great promise. And just thanks for your leader-
ship on this.

Universities provide great research and development throughout
this country. They, in some instances, have a relationship with the
private sector. In my own district, the University of Texas is re-
searching hydrogen fuel cells on monies provided by the National
Science Foundation and the Department of Energy.

I have got, really, two questions. The first one is: what role do
you see the universities playing in this, and would they qualify?
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And then the second question is probably more technical. I have
actually driven a hydrogen car, so I—we know the technology is
there. It is there today. The problem, as I was told, is that it costs
about $1 million to build one of these cars. And I know one of the
metals used currently is platinum, which increases the cost. But I
understand there is also more research being done to develop an-
other alloy that could be used.

What do you see—in this Prize, it calls for, in 10 years, wheel-
to-wheels transformation. What do you see as some of the chal-
lenges that we need to overcome to bring down that cost? And I
know, providing the infrastructure throughout the country for hy-
drogen is an important issue as well and the storage issue. But if
you could sort of comment, the whole panel, on the technology chal-
lenges and then also on the university issue.

Anybody who wants to answer that.
Dr. BODDE. Well, let me begin, sir, if I may with the university

side.
The—it is first important to realize that technology is all a peo-

ple game. It is all about who you have on the court, and that deter-
mines the style of play, for any particular technology. And so it is
helpful to think of universities as basically ‘‘people factories.’’ They
are things that draw together not only the people that we move
through the pipeline in the university, but also people from over-
seas, guest researchers, and so forth, into a community of interest
focused around a particular problem.

Now out of that are bound to come the solutions that come when
you have bright, creative people that are gathered together.

Certainly, university researchers should be included within the
category of those eligible for the Prize whether they are on re-
search grants from the Federal Government or not, in my opinion.

Dr. GREENE. I think the greatest technological challenge is stor-
ing this hydrogen on a vehicle. We have ideas of carbon nanotubes.
We have metal hydrides. We have high pressure compression. We
have liquefied hydrogen. All of these have very, very serious prob-
lems and, in my opinion, are not really close to providing the
functionality that a consumer expects on a vehicle. This is a very,
very difficult problem. And it is the kind of thing that we almost
need a solution that nobody has even thought about yet.

I mean, I—what I say about it is I haven’t seen any good ideas.
So I think this is the most serious technological challenge. The
platinum and the fuel cells is certainly a problem, the durability
of membranes and those kinds of things. Those, to me, look like the
kinds of things that will be solved with continued research and
learning and that sort of process. I am really worried about storage
of hydrogen.

Mr. MCCAUL. The oil industry will tell you it is a 20-year—this
won’t happen any sooner than 20 years. Do you agree with that or
disagree? I know it is very speculative.

Dr. GREENE. I am surprised they will predict that but not the
price of oil. I can’t say. I am——

Mr. MCCAUL. Is it 10 years that we are—this is obviously a goal.
It is an aspiration. Do you think this is achievable?

Dr. GREENE. I think, you know, what is trying to be accom-
plished here is to make some of those things happen that we don’t
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know how to make happen yet, to see what kind of creative ideas
people will come up with.

Mr. MCCAUL. Mr. Baxley.
Mr. BAXLEY. As a representative of an oil company, let me just

make a comment.
First of all, I do very much hope and anticipate that universities

would participate in this program. I think it is tremendously im-
portant for them to do that. I think it is tremendously important
to overcome a whole host of technical challenges. We have got a
whole host of them, storage being, obviously, the most prominent.

But in terms of the timing, you know, we didn’t set up Shell Hy-
drogen seven years ago just to have fun. We set up Shell Hydrogen
seven years ago to really figure out how we could go forward and
make this happen, how we could make it into a business. Based on
everything we have seen, we are still here after seven years. We
are growing. We are going to continue to be here, from everything
I have been told. We see the potential for hydrogen to be intro-
duced in the next five to seven years in selected markets around
the world. So this is not a situation where everybody is going to
wake up one morning and go down to the Chevy dealer and there
are going to be fuel cell cars. This is going to be more a situation
like the Prius or the other hybrids where there are going to be lim-
ited markets where it is going to be introduced. We are working
hard to figure out how do we introduce that, for example, on the
West Coast and the East Coast of the United States in, you know,
the period of the next 10 years.

So the other point I would make is that we keep saying, you
know, this is far out, and we use that as an excuse not to work
on it. It is important. It is important to work on all of the other
things, the nearer term: better fuels, better fuel supply. Biofuels is
a solution in the interim. There are other solutions, but we have
got to make sure that we keep the focus on hydrogen, and that is
why I think the Hydrogen Prize is so important, because hydrogen
is the one thing that has so many big technical challenges. It is a
big step for man. The other ones we think we have a clear path
to how to achieve in the biofuels and some of the other areas, but
hydrogen has so many challenges, you really need to get all of the
brainpower you can focused on this——

Chairman BOEHLERT. Thank you.
Mr. BAXLEY.—as soon as possible.
Chairman BOEHLERT. Thank you very much, Mr. Baxley.
Mr. MCCAUL. Thank you, Mr. Chairman.
Chairman BOEHLERT. Thank you, Mr. McCaul.
Mr. Green.
Mr. GREEN. Thank you, Mr. Chairman. And I thank the Ranking

Member, as well. We appreciate greatly having the opportunity to
hear quite an outstanding panel.

I would like to address my first comment, if I may, to Dr.
Diamandis. Good morning, sir, and I commend you on how well you
have handled the X Prize. I was fascinated by it as I saw it unfold.

Dr. DIAMANDIS. Thank you.
Mr. GREEN. I am concerned, first, with the separation of respon-

sibilities that you make reference to. Could you kindly explain how
you envision this working, please?
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Dr. DIAMANDIS. Sure. I think that we have a current working re-
lationship with NASA that is appropriate to use as a model. We as-
sisted the agency in setting up what is called a centennial chal-
lenge program. They had a law passed and signed into law allow-
ing them to do prizes of any size. Prizes above $10 million require
additional authorization from Congress, but they can do larger
prizes.

The way it works is NASA identifies an issue, a problem. We are
going to be announcing a prize with them next year, which is—I
mean next week, which is about a $2.5 million prize involving
lunar landing technology, but I can’t say more than that. And they
basically say we are interested in—here are the problems we have.
We don’t have technology developing in this area. We then take
that problem and we go out, we write the rules, we go bring in the
advisors, we set up, actually, sometimes if a chunk of money is
available, we will say this is first and second and third-place prize
amounts that we recommend, and then we do it in an iterative
process where they come back and give us their input. It has been
a very cooperative process so far.

Once that is set, we go out and find a set of independent judges.
We go and register the teams. There is a whole legal structure of
master team agreements, liability issues. It is—you know, 10 years
of work has shown us where the problems have been in these sce-
narios. But that independence, if—we are not going to sell our soul,
so if the rules that they want are something that we believe doesn’t
make sense, we will say we are not interested in managing the
competition.

Mr. GREEN. In managing the competition and selecting the win-
ners, are we limited in terms of who can win?

Dr. DIAMANDIS. Again, that is a very good question, because one
of the places you get your greatest, greatest success is when you
open up. You don’t—in the world of aerospace, you don’t want to
turn away those pesky bicycle mechanics from Dayton, Ohio, you
know, when you have got an aviation competition. Because really,
again, perfect example, out-of-the-box thinking coming in to solve
and beating the government’s funded Langley approach.

So one of the issues we deal with from NASA, for example, is is
it domestic only. You know. Again, Congress writing a check to a
Chinese team winning this is not, probably, something you want in
headlines, but making a global competition is where you are going
to have the greatest benefits. Universities are going to be a key ele-
ment of this, without any question. And you are going to have alli-
ances between a Shell and a university and a wealthy backer. That
is going to happen. You want a free market economy bringing to-
gether unlikely teams and allowing for crazy ideas to surface. Re-
member, the day before something is a breakthrough, it is a crazy
idea, otherwise, it is not a breakthrough.

Mr. GREEN. Back to your comment about the possibility of a win-
ner being less than the most popular person on the planet, how do
we—how do you envision dealing with that one concern?

Dr. DIAMANDIS. I am not—when you say the not—I mean, one of
the things, for example, is that in the Orteig Prize for crossing the
Atlantic, the most likely winner was Admiral Byrd who had flown
to the North Pole. And Lindbergh was an upstart. In fact, people
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refused to sell him an airplane, because they thought he would kill
himself. And the day before he flew, the New York Times wrote an
editorial and said, ‘‘Mr. Lindbergh, please don’t fly. You are going
to kill yourself and set back aviation a decade.’’ And he went any-
way and, in fact, changed the course of history.

Mr. GREEN. Well, let me broaden the question. Can a govern-
ment win?

Dr. DIAMANDIS. I don’t think—in the Ansari X Prize, we pre-
cluded—we, in fact, required that all teams demonstrate 90 percent
or more private financing. We don’t want a government coming in
here and winning it. We wanted teams worrying about every penny
they spent, and we wanted to drive breakthrough by restricting
capital. If you have private money, the free market economy will
drive you to solutions. I mean, the problem is that we have had
bloated government contracts in the aerospace industry, and per-
haps in the energy industry as well, I can’t speak to that effec-
tively, that haven’t driven really, you know, people considering
crazy ideas, because they are afraid of taking the risks. You know.
I get up and speak in this committee about the fact that we are
killing ourselves in this country by being so risk-averse. Prizes
allow risk taking.

Mr. GREEN. Thank you, Mr. Chairman.
Chairman BOEHLERT. Thank you very much, Mr. Green.
Ms. Biggert.
Ms. BIGGERT. Thank you, Mr. Chairman.
I just wanted to say that, you know, I think hydrogen is certainly

a very, very important concept. We—I keep talking about let us
think hydrogen nuclear and not oil and gas, and so this is some-
thing that we have got to resolve and very, very soon. But I do
think that nuclear, too, is—and the cost of all of these things, nu-
clear is so important in the long run, and we are working on fast
reactors, the recycling, and hydrogen. I mean, we have moved for-
ward. I can remember Secretary Abraham coming to Argonne,
which is in my district, and to look at the fuel cells and saying how
small—how fast can you make them smaller so that they can go
into a car so that we will have it. And that happened pretty fast.
I am amazed. And I have driven a hydrogen car, and it was pretty
scary, because it is a million-dollar car right now, and I was driv-
ing around the streets of Washington, DC, and I wanted to make
sure I didn’t bump into anything. I think I was more worried about
that than the fact that there was liquid hydrogen under the back
seat.

So I think that, you know, we are moving ahead, and I guess just
my problem—concerns have been just with the amount of money
and the—having to refocus from other things, perhaps.

And Mr. Baxley, you mentioned that Shell has been thinking
about doing such a—undertaking such a prize. I think that would
be a fabulous idea. If you have considered it, why hasn’t it gone
forward, and would that—could that still be in the future?

Mr. BAXLEY. I will, first of all, say that it was one of a number
of things we considered in terms of how to really engage this—the
public’s imagination, from university sponsorships to television ad-
vertisements to printed advertisements. So we didn’t develop it a
whole lot further until, actually, Representative Inglis suggested

VerDate 11-MAY-2000 17:49 Dec 07, 2006 Jkt 027094 PO 00000 Frm 00066 Fmt 6633 Sfmt 6601 C:\WORKD\FULL06\042706\27094 SCIENCE1 PsN: SCIENCE1



63

that the government sponsor it, which we think is a great idea. Ac-
tually, we think it is an issue of not just industry leadership. It is
an issue of government leadership, and we think it is important
for—I think it is really great if we can get both the federal level
of government and industry all on board by saying this is an im-
portant issue to sponsor.

So it is something that, you know, we will look at moving for-
ward with. We are looking at how to structure a prize in other
areas as well. But certainly, on this topic, we are—we think it is
great if the government can lead the——

Ms. BIGGERT. Well, of course, one of the things that we hear
about that so many of the companies is the huge profits that have
been made by the oil and gas industry. And why not use the profits
to pay for such a prize? It would be good PR.

Mr. BAXLEY. Well, as I said, we are interested in pursuing a
prize, and we are interested in sponsoring various initiatives to
make sure that we move forward in hydrogen, just as we are spon-
soring many other issues on renewables. So I appreciate that com-
ment, and we are seriously considering, you know, and will seri-
ously consider being involved in this Prize or any Hydrogen Prize
going forward.

Ms. BIGGERT. It seems like some say that this could be argued
to be a handout to the industry, and particularly with the $100
million prize. And Dr. Diamandis pointed out in his opening re-
marks that he selected a $10 million prize in part because he didn’t
want the big competitors like Boeing and Lockheed Martin from
being the only competitors. And then do you—would you agree—
would you all agree with that that this could happen because—if
it were to be a $100 million prize, that the big groups would be—
in that case, it was Boeing and Lockheed because it was space, but
would the big companies get into this and—to use the money?

Dr. GREENE. I don’t think this is my area of expertise. I defer to
the——

Ms. BIGGERT. Okay.
Dr. GREENE.—people who are in innovation policy and

setting——
Ms. BIGGERT. Well——
Dr. GREENE.—up prizes.
Ms. BIGGERT.—Dr. Diamandis, then, do you think that that could

happen?
Dr. DIAMANDIS. It is—this may be a little bit different in the

aerospace industry, which, again, I have much deeper knowledge
there. But again, my—on how much this Prize should be, I think
the most important thing that this legislation would go—be—could
do to go forward is actually allow an organization, like the X Prize
Foundation or someone else you chose, to go through the proper
process and not pick a number out of the air. We actually go
through a process. It takes us time to figure out what is the right
amount. And we go to the innovative—we go to the entrepreneurs.
We go to the people in the garage. We go to large corporations and
find out where—what peaks their interest. And——

Ms. BIGGERT. You are talking about the X Prize now?
Dr. DIAMANDIS. I am talking about how we do—we are about to

launch a genomics prize, an automotive prize. The process we go
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through, which part of it includes setting the amount of cash, not
too large, not too small, and also setting the—structuring the com-
petition, how it is properly structured. Is it one or multiple?

Ms. BIGGERT. So don’t you think that the Federal Government
should do the same thing?

Dr. DIAMANDIS. I do. I think there is a process to go through be-
fore you launch a 10-year effort. As I said—what I said earlier is
investment—proper investment in the next few months will deter-
mine the ultimate success or failure of the Prize.

Chairman BOEHLERT. The gentlelady’s time is expired.
But to continue on this vein, since we have to do the appro-

priating, and since these are very difficult times, we are not short
of requests for the limited resources we have. Let me put it another
way. Would $10 million, as some have suggested, be enough of an
incentive to accomplish what you hope to accomplish with the
whole Prize activity?

Dr. DIAMANDIS. Sir, let me offer out an idea along those lines.
Ten million dollars is a great starting position. One of the things

that is of greatest value in a prize is when you are able to bring
a corporate sponsor to the table. So if the government were to say,
‘‘We want to do a study to create an H–Prize or an E–Prize and
we are going to put $10 million as a starting amount to go this.
And then we are going to allow corporations to come in and title
that.’’ So, to use my colleague here at Shell, you would want a
Shell to come in and say, ‘‘Let us make it from $10 million to $50
million. We are going to add $40 million to the equation.’’

And why? Because a corporation coming in who spends $10 mil-
lion will typically spend $30 million promoting the fact that they
invested $10 million. Very important, because the promotion part
of this is——

Chairman BOEHLERT. The bill does allow that. Mr. Inglis’ bill
does allow that.

Dr. DIAMANDIS. Yeah, and I think that is a very important part
that—and also it may be—one of the things we are considering ,
for example, in our automotive and such is that allowing the public
to contribute to the amount of the prize. They are the ones who
want the breakthroughs in the automotive industry, want the
breakthroughs in energy. And these are things we think about
night and day in my organization for the last 10 years. How do
you—where do you get the greatest effect? Having a corporate
sponsor where it is titled, the X, Y, Z, H–Prize, whatever, will give
you the greatest benefit. You know, we had the Ansari family. I
wish we had a corporation.

Chairman BOEHLERT. Thank you very much.
The gentleman’s time has expired. The gentlelady’s time has ex-

pired. My time has expired.
It is time for Honda.
The Chair recognizes Mr. Honda.
Mr. HONDA. Thank you very much.
And just a comment on disclosure. This Honda was made in

America.
And I do have a hybrid Toyota. And all of the questions I was

prepared to ask have been asked and responded to, but there is one
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thing that does kind of nag at me, and I am sorry I missed your
initial testimony.

But at the risk of looking a little ignorant, let me go ahead and
ask the question.

It sounds like we are—we want to use taxpayer monies to create
an incentive program from which, if there are any benefits to be
accrued from the contest, it doesn’t appear that there is any return
on the investment to the public in terms of revenues back to the
government in this kind of a program, whereas if it were done as
you had done it previously, which attracted a lot of attention and
a lot of sense of competition and accomplishments, too, that even
though the government wanted to sort of insert themselves in the
area of security and safety, what benefits does the general public
accrue in terms of return on investments in terms of revenue and—
you know, because we are looking at the size of the Prize and the
kinds of prizes that are out there. And I believe in incentives. I am
a schoolteacher. I believe in incentives, intrinsic and extrinsic. But
where is the return on investment of this?

Dr. GREENE. I think the major motivation of the government
being interested in hydrogen has to do with what economists would
call public goods: protect the environment, energy security. And
deal with the market failure of imperfect competition as the OPEC
cartel and the world oil market and the problems that causes.
These are the benefits, I think, as I see it, that the government and
the public expect from an eventual successful hydrogen-powered
transportation and energy system. And that is the return that we
are looking for, and it is trillions and trillions of dollars.

But as far as return in the near term, I don’t know the answer
to that.

Mr. HONDA. I don’t disagree with your response, it is just that
I think that is what we look at anyway when we try to put appro-
priations or bills together for purposes of R&D at the—at least at
the nascent stage, and we are looking at also considering doing
some for developmental stages where we can bridge the gap to-
wards commercialization.

But—yes, sir. Mr. Baxley.
Mr. BAXLEY. I think, if I understood the question, and it is actu-

ally a very, very relevant question. And I have to agree with what
Dr. Greene said, but I also would point out that it is more than
just the public good issues. It is more than just the environment,
the effects of climate change, which we are still trying to figure out
what that is, and the effects on our national security, which are all
huge dollar impacts. But I would also point out another thing that
I think all of you are aware of, and that is job creation and new
industry creation. Hydrogen has the potential to create whole new
industries and whole new technology platforms, like other trans-
formations, that would create jobs. So that is a tremendous benefit
to the economy. And I viewed the Hydrogen Prize legislation as
seed money. This is the government putting in a limited amount
of seed money, and I don’t think it has to be $100 million. I think
something in the order of $10 million would be sufficient seed
money, presuming that you also get sponsorship from private sec-
tor and other organizations.
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But the important thing is the leadership putting the seed money
in and getting it started and helping them to make that happen.
That is what I think is the important part.

Mr. HONDA. Thank you, Mr. Baxley.
And to the Chair, if I may, I have a bill called H.R. 1491, which

addresses incentives in terms of looking at research and having—
the Federal Government having a role in bringing research to com-
mercialization and, at a certain point, engaging the private inves-
tors at a certain point in time, because there are many research
that it is going to take more time than the private industry are
comfortable with. So I figure that we should partner with them to
bring that research to a point where it becomes commercially via-
ble.

So if you would look at H.R. 1491 and see how that fits with your
concepts, I would appreciate any feedback that you might have, be-
cause I believe that in the times when we have scarce resources in
our country for whatever reason, people can argue about why we
have scarce resources, I do believe that we should invest, as we did
in the Internet, on behalf of the Federal Government, to promote
new ideas and create jobs, as you have said.

Yes, sir.
Dr. DIAMANDIS. Mr. Honda, I might ask you to think about a

prize as almost fixed-cost science or fixed-cost engineering. You
have a specific goal you want to achieve, you don’t pay it until it
is done. If you think about it, you know, it would be the most effi-
cient way to implement NIH and NSF type funding programs, but
clearly you can’t do that. But I am just saying in terms of use of
money for the best public good, it is the most highly-leveraged,
most efficient way the government could ever use its funds.

Mr. HONDA. Thank you. And it helps me feel better about the
word ‘‘prize’’ and leveraging, so that is a good way to think about
it.

Thank you.
Chairman BOEHLERT. Thank you very much, Mr. Honda.
And Mr. Wu advises that all of the pertinent questions have been

asked. He is just here because of his deep and abiding interest in
the Committee’s activities, and we thank you for being here.

And I thank all of my colleagues for being here.
Now, Dr. Bodde, I can’t let this end. Chairman Inglis has told me

you have got a great story about how your mother inspired you to
be a scientist. Would you share that with the Committee?

Dr. BODDE. Sir, this happened one summer in 1959, I guess it
was, driving across Kansas. And of course, those were the days
where there was no air-conditioning, and so all of the windows
were open. And mom says, ‘‘Well,’’ you know, ‘‘look up there. There
is a Soviet satellite circling the Earth, and it is the duty of every
patriotic young American to go out and study science and engineer-
ing so we can beat the Russians.’’ Well, sure enough, I went out
and studied science and engineering, and sure enough, we beat the
Russians.

So the chief lesson I draw from that is: mom is always right.
Chairman BOEHLERT. You are darn right, and I hope we can en-

ergize the mothers of America to give that same message to the
young students and our educational system, because we are being
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challenged as never before. We are still number one, but we have
got a lot of work to do to maintain that number-one position.

Is there anything else for the good of the order, because our dis-
tinguished witnesses have other activities? But——

Mr. INGLIS. Mr. Chairman, if I could indulge just a couple min-
utes to——

Chairman BOEHLERT. A couple of minutes for the distinguished
Chair.

Mr. INGLIS.—follow up on your comment and Chairman Biggert’s
comment, they were very helpful, about the amount of the Prize,
because, you know, my goal in setting a prize, initially, is up to
$100 million. And of course the Secretary has, under our bill, the
discretion to do what Dr. Diamandis described, and that is to set
the amount up to $100 million. If in consultation, I would hope
with somebody as knowledgeable as Dr. Diamandis, the Secretary
of Energy decided, ‘‘No, all you need is $10 million,’’ or maybe you
need $10 million from government and $50 million from private en-
terprise, then the Secretary has that flexibility under the bill.

Chairman BOEHLERT. Yeah.
Mr. INGLIS. It could also enable us to appropriate only smaller

amounts in the initial year and then larger amounts when the Sec-
retary of Energy reports back.

Chairman BOEHLERT. Thank you.
Mr. INGLIS. So that is——
Chairman BOEHLERT. Point well taken.
Mr. INGLIS.—certainly a doable objective, and working with, as

I said, somebody as expert as the X Prize Foundation could get us
there.

My goal in setting $100 million, as throwing it out there, is to
avoid a middling Department of Energy program, because a mid-
dling Department of Energy program is nowhere near the threat
level that we are dealing with. We are at great risk, and it is the
kind of risk that Dr. Bodde just described from his mother. Her
perception of how at risk her country was and inspiring her son to
get involved in science is the kind of reaction we need to be having,
less we end up 20 years from now in the same spot that we could
have—we were after the 1973 oil embargo, which is all a lot ado
about nothing, and then we fell back into our old ways.

So I think that we can find a way to do this using the expertise
of people like the X Foundation—X Prize to get us there.

Chairman BOEHLERT. Thank you very much.
I don’t mean this to be a point-counterpoint, but I do want to rec-

ognize the distinguished gentlelady, Ms. Biggert.
Ms. BIGGERT. Thank you, Mr. Chairman.
I think when Mr. Inglis talked about making the—in

frontloading it, that is a very important concept to keep in mind,
because when we appropriate money, we put it in the Treasury
until somebody claims it. And those appropriated funds really cost
us money, because we—right now, the government has borrowed
$297 billion from the public in 2005, and interest on the—on public
debt is a major expenditure, so not putting the money in prior to,
you know, when we need it is important.

Chairman BOEHLERT. Thanks for the intervention.
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Thank you all very much, my colleagues, and thank you, distin-
guished witnesses. We really appreciate it.

Stay tuned.
Hearing adjourned.
[Whereupon, at 11:35 a.m., the Committee was adjourned.]
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