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a separately funded demonstration program called FutureGen. The effort
is designed to construct a prototype integrated gasification combined-
cycle coal power plant to be operational by 2015 that will demonstrate
production of hydrogen as well as reduced emissions. Fossil Energy also
funds R&D on the capture and sequestration of carbon dioxide, considered
an important area of R&D if coal is to be used as a long-term source of
hydrogen. The Office of Nuclear Energy’s R&D plan for producing
hydrogen-using nuclear energy—called the Nuclear Hydrogen Initiative—
complements the separately funded Next Generation Nuclear Plant
program. The effort focuses on conducting R&D on a new generation of
nuclear power plants capable of producing large amounts of hydrogen
efficiently and economically. The first prototype is scheduled to be
operational between 2018 and 2021.

DOE’s hydrogen R&D program has made important progress, but some
target dates have been pushed back, and further progress in certain areas
will require significant scientific advances and continued R&D beyond
2015. Specifically, during its first 4 years, the Hydrogen Fuel Initiative has
achieved such targets as reducing the cost of extracting hydrogen from
natural gas, but other target dates have slipped as a result of technical
challenges and budget constraints. For example, DOE officials and
industry representatives stated that achieving targets for hydrogen storage
will require fundamental breakthroughs, while achieving targets for other
technologies will require significant scientific advances and cost
reductions. However, DOE has not updated its 2006 Hydrogen Posture
Plan’s overall assessment of what the department reasonably expects to
achieve by its technology readiness date in 2015 and its anticipated R&D
funding needs to meet the 2015 target. Furthermore, full-scale deployment

DeVelOpng the of hydrogen technologies will require sustained industry and federal

PhYSiC al investment, possibly for decades beyond 2015, to develop supporting
infrastructure.

Infrastructure

The Hydrogen Fuel According to DOE, key R&D targets to achieve technology readiness in

Initiative Has Made
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Slipped, and Some Targets
Require Significant
Scientific Advances

2015 focus primarily on (1) extracting hydrogen from diverse, domestic
resources at a cost equivalent to about $2 to $3 per gallon of gasoline, (2)
storing hydrogen on-board vehicles to enable a driving range of at least
300 miles for most light duty vehicles, (3) delivering hydrogen between
two points for less than $1 per kilogram, and (4) developing proton
exchange membrane fuel cells that cost about $30 per kilowatt and deliver
at least 5,000 hours of service for vehicles—which compares to about
150,000 miles in conventional gasoline-powered vehicles—and at least
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separately funded a $49 million bus demonstration program to facilitate
the development of commercially viable fuel cell technologies in real-
world environments.’

DOD receives no funding under the Hydrogen Fuel Initiative; however, it
has several entities involved in hydrogen-related activities. For example,
the Defense Logistics Agency has spent $11.7 million on a fuel-cell
powered fork lift program and a solid hydrogen storage program,' the
Army supports a small amount of fuel cell R&D, and the Navy has
deployed fuel cells at several installations and is conducting R&D in
several areas, including for unmanned underwater vehicles.

NASA is the largest user of hydrogen in the United States, employing it as
fuel for rocket launches. NASA conducts limited hydrogen-related R&D
but is interested in coordinating with DOE on a proposed project to
demonstrate stationary fuel cells to generate electricity at NASA’s White
Sands Test Facility.

The U.S. Postal Service conducted a 3-year hydrogen fuel cell
demonstration program with mail delivery vehicles at test sites in Virginia
and California. Plans are underway to continue the effort using the next
generation of hydrogen vehicles in partnership with General Motors and
DOE. In addition, the Postal Service is considering hydrogen technology as
an option for its planned replacement of its fleet of about 215,000 vehicles
in 2018.

The Department of Commerce’s National Institute of Standards and
Technology (NIST) is working with federal agencies and standards
organizations on a variety of activities including certification of hydrogen
fuel dispensers, hydrogen quality standards, building safety standards, and
pipeline safety standards. In partnership with DOE, NIST also is
conducting manufacturing R&D and imaging research to investigate how
water moves through fuel cells to better understand their operation.

As the main interagency coordination vehicle, the IWG has contributed to
implementing hydrogen technology partnerships among agencies and

’Buses have potential for early market penetration because they generally refuel at central
locations and have room to store an amount of hydrogen that enables a practical driving
range.

“The Defense Logistics Agency’s fiscal year 2007 funding included $11.7 million for a
congressionally directed project to demonstrate fuel-cell powered fork lift technology.
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DOE established the International Partnership for the Hydrogen Economy
(IPHE) in 2003 to provide a working-level coordinating mechanism for
more than a dozen partner countries to organize, coordinate, and
implement international research, development, demonstration, and
commercial utilization activities. IPHE also provides a forum for
advancing common policies, technical codes, and standards, and it
educates stakeholders on the benefits of, and challenges to, transitioning
to hydrogen technologies. Although participation is voluntary, IPHE has
contributed to international information exchange, facilitated engagement
from senior level officials, and influenced the creation of hydrogen
technology road maps in China and other countries. In addition, DOE,
DOD, and DOT are collaborating through the IPHE to standardize data
collection for all hydrogen fuel vehicles and hydrogen-fueling
demonstrations. While IPHE highlights its accomplishments, it also
acknowledges room for improvement by, for example, better defining its
role and developing performance metrics in the future.

DOT officials told us that while overall DOE has ably managed its
hydrogen program, some areas of interagency coordination have been
more effective than others. For example, DOT and the Defense Logistics
Agency conduct joint R&D planning and information sharing, a successful
relationship that grew out of the IWG. However, DOT’s Pipeline R&D
Program was not included in early discussions at DOE, hampering
collaboration and communication on technology development. DOT
officials acknowledged that they now are involved in these discussions but
cited the importance of ensuring DOT representation at the onset of
coordination efforts.

Efforts with Other Federal
Agencies at the Policy
Level Have Just Begun

To ensure appropriate authority inside each agency for making hydrogen-
related budget and policy decisions, HTAC recommended in October 2006
that the IWG be elevated to require participation of an assistant secretary
or higher. In response, DOE created the Interagency Task Force—a new
entity composed of deputy assistant secretaries, program directors, and
other senior officials—which held its inaugural meeting August 2007.
Because the organization was created recently, its membership is still in
flux as the most appropriate participants are being identified. The goals of
the task force are to

increase understanding of available hydrogen and fuel cell technologies

and how they can contribute to the agencies’ energy and environmental
goals,
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Conclusions

work together to identify concrete opportunities for the federal
government to provide leadership by being an early adopter,

use government procurement and leadership to rapidly deploy technology
and facilitate its introduction into the marketplace, and

define new opportunities through interaction and exchange of ideas.

Although the task force outlined a set of broad goals, it did not clearly
define its responsibilities or strategy for achieving these goals. Member
agencies intend to develop a more detailed plan that will guide efforts,
identify actions that can be taken, and establish targets by May 2008. The
task force assigned IWG the responsibility for creating the plan and agreed
to review each agency’s role, responsibilities, and stake in hydrogen
technology at the IWG’s December 2007 meeting.

In August 2007, HTAC criticized DOE for taking too long to respond to
HTAC’s recommendation and for not securing participation of assistant
secretaries, participation that HTAC believes is necessary for making
hydrogen budget and policy decisions. Similarly, DOT officials told us that
the Interagency Task Force was supposed to be created specifically at the
senior level so participants could influence budget and policy matters, but
too many alternates were present at the first meeting, reducing its
potential effectiveness. DOT officials added that if membership continues
to shift or be inconsistent, then lack of continuity will hinder progress and
make it difficult to achieve goals. DOE officials stated that the level of
membership is adequate because deputy assistant secretaries, program
directors, and other senior officials are high enough to make decisions,
influence policy, and impact the implementation of programs. Some task
force members have expressed concerns about lack of a common vision
among agencies, including a shared view of timelines, milestones, and
approaches, in part because of differing roles, responsibilities, and
stakeholders and because of the fact that no overarching authority guides
all government hydrogen R&D. For example, although DOE has clearly
outlined a 2015 technology readiness goal suitable for its mission, DOT
may need to develop a regulatory framework earlier to address industry’s
intent to begin deploying fuel cell vehicles as early as 2012.

The Hydrogen Fuel Initiative has made important progress in developing
hydrogen technologies in all of its technical areas in both fundamental and
applied science. DOE and industry officials attribute this progress to
DOE’s (1) planning process that involved industry and university experts
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Recommendation

Agency Comments
and Our Evaluation

from the earliest stages; (2) use of annual merit reviews, technical teams,
centers of excellence, and other coordination mechanisms to continually
involve industry and university experts to review the progress and
direction of the program; (3) emphasis on both fundamental and applied
science, as recommended by independent experts; and (4) continued focus
on such high priority areas as hydrogen storage and fuel cell cost and
durability. Although DOE has made important R&D progress, its 2015
technology readiness target is very ambitious, requiring scientific
breakthroughs in hydrogen storage, for example. Budget constraints and
technical challenges have led DOE to push back its targets for providing
certain technologies to automakers from 2015 to 2017 or later, which
according to DOE, generally still lies within the window for the
automobile companies to provide hydrogen fuel cell vehicles by 2020.
However, DOE has not updated its 2006 Hydrogen Posture Plan’s overall
assessment of what the department reasonably expects to achieve by its
technology readiness date in 2015 and how this updated assessment may
differ from prior posture plans. DOE also has not identified R&D funding
needed to achieve the 2015 target. This information is important to the
Congress and industry as they set priorities and make funding decisions.
Furthermore, developing a nationwide commercial market for hydrogen
fuel cell vehicles is expected to cost tens of billions of dollars for
production facilities, fueling stations, pipelines, and other support
infrastructure and take decades to achieve, requiring a sustained
investment by government and industry in R&D and the infrastructure.

To accurately reflect progress made by the Hydrogen Fuel Initiative and
the challenges it faces, we recommend that the Secretary of Energy update
the Hydrogen Posture Plan’s overall assessment of what DOE reasonably
expects to achieve by its technology readiness date in 2015, including how
this updated assessment may differ from prior posture plans and a
projection of anticipated R&D funding needs.

We provided DOE with a draft of this report for its review and comment.
In written comments, DOE agreed with our recommendation, stating that
it plans to update the Hydrogen Posture Plan during 2008 to reflect the
progress made and any changes to the activities milestones, deliverables,
and timeline. (See app. II.) However, DOE found the title of the draft
report to be confusing, stating that R&D on hydrogen technologies would
inevitably continue beyond 2015. In response, we revised the title to
highlight the need for DOE to update what it expects to achieve by its 2015
target. DOE also disagreed with our statement that it has not determined
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what reasonably can be achieved by 2015 for use in a 2020 vehicle, citing
extensive efforts to assess the R&D program’s progress. In response, we
clarified that our concern is that the Hydrogen Posture Plan, which
provides the Congress and other outside stakeholders with an assessment
of progress, needs to be updated to identify what DOE reasonably expects
to achieve by its technology readiness date in 2015. In addition, DOE
provided comments to improve the draft report’s technical accuracy,
which we have incorporated as appropriate.

As agreed with your offices, unless you publicly announce the contents of
this report, we plan no further distribution of it until 30 days from the date
of this letter. At that time, we will send copies of this report to the
appropriate congressional committees, the Secretary of Energy, the
Director of the Office of Management and Budget, and other interested
parties. We will also make copies available to others upon request. In
addition, the report will be available at no charge on the GAO Web site at
http://www.gao.gov.

If you or your staff have any questions about this report, please contact me
at (202) 512-3841 or gaffiganm@gao.gov. Contact points for our Offices of
Congressional Relations and Public Affairs may be found on the last page
of this report. GAO staff who made major contributions to this report are
listed in appendix III.

Mark E. Gaffigan
Acting Director, Natural Resources
and Environment
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Appendix II: Comments from the Department
of Energy
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