3

V.

For the best experience, open this PDF portfolio in
Acrobat 9 or Adobe Reader 9, or later.

Get Adobe Reader Now!



http://www.adobe.com/go/reader


Date

Organization Name File Name
Submitted

ACEEE Steve Nadel 4/15/2011|ACEEE 4.15.2011
Alameda-Contra Coasta Transit District Chris Peeples 4/15/2011)|Alameda-Contra Coasta Transit District 4.15.2011
American Academy of Arts and Sciences Robert W. Fri and Leslie C. Berlowitz 4/15/2011|American Academy of Arts and Science 4.15.2011
American Electric Power Michael L. Weinstein 4/15/2011|AEP 4.15.2011
American Gas Association, American Gas Foundation, American Public
Gas Association, American Public Gas Association Research Foundation,
Interstate Natural Gas Association of America, and the INGAA
Foundation, Inc. Andrew K. Soto 4/15/2011|American Gas Association 4.15.2011
American Society of Heating, Refrigerating and Air-Conditioning American Society of Heating, Refrigerating and Air-Conditioning
Engineers, Inc. Mark Ames 4/14/2011|Engineers, Inc. 4.14.2011
Amerigon/BSST LLC John LaGrandeur 4/19/2011|American BSST LLC 4.19.2011
Ames Laboratory Alex King 4/14/2011{Ames Laboratory 4.14.2011
Areté Corporation Robert W. Shaw 4/10/2011|Areté Corporation 4.10.2011
Association of Public and Land Grant Universities Jim Turner 4/15/2011|Association of Public and Land Grant Universities 4.15.2011
Babcock & Wilcox Company Kip Alexander 4/15/2011|Babcock & Wilcox Company 4.15.2011
Calera Corporation Tom Carter 4/14/2011|Calera Corporation 4.14.2011
California Institute of Technology Jean-Lou Chameau 4/13/2011|California Institute of Technology 4.13.2011
Case Western Reserve University Dianne Anderson 4/15/2011|Case Western Reserve University 4.15.2011
Coal Utilization Research Council Ben Yamagata 4/15/2011|Coal Utilization Research Council 4.15.2011
Codexis, Inc. David L Anton 4/15/2011|Codexis 4.15.2011
Council of the North American Insulation Manufacturers Association Angus E. Crane 4/15/2011|Council of the North American Insulation Manufacturers
ECOtality North America Jeffrey Wishart 5/25/2011|ECOtality 5.25.2011
EFRC for Heterogeneous Functional Materials Ken Reifsnider 4/15/2011|EFRC for Heterogeneous Functional Materials 4.15.2011
Electric Drive Transportation Association Genevieve Cullen 4/15/2011|Electric Drive Transportation Association 4.15.2011
Emerge Alliance Brian T. Patterson 4/15/2011|Emerge Alliance 4.15.2011
Energy Communities Alliance Allison Doman 4/15/2011|Energy Communities Alliance 4.15.2011
Energy Pros LLC Clark Harrison 3/20/2011|Energy Pros LLC 3.20.2011
FP2FIRE, INC. Martin T Gresho 3/29/2011|FP2FIRE, Inc. 3.29.2011
Fuel Cell and Hydrogen Energy Association James Warner 4/15/2011|Fuel Cell and Hydrogen Association 4.15.2011
Gas Technology Institute Daniel S. LeFevers 4/15/2011|Gas Technology Institute 4.15.2011
Georgetown University Jeffrey Urbach 6/7/2011|Georgetown University 6.7.2011
Geothermal Exchange Organization Douglas A. Dougherty 4/15/2011|Geothermal Exchange Organization 4.15.2011

Kristian Bergen, David Cohen-Tanugi,
Harvard University (Students) Hannah Lee, Justin Parella, Daniel Recht 4/15/2011|Harvard Students 4.15.2011
Information Technology and Innovation Foundation Matt Hourihan and Matthew Stepp 4/15/2011[ITIF 4.15.2011
International Association for Hydrogen Energy T. Nejat Veziroglu 4/9/2011|International Association for Hydrogen Energy 4.9.2011
Johns Manville Bruce Ray 4/15/2011|Johns Manville 4.15.2011
Linde NA Mike McGowan 4/8/2011|Linde NA 4.8.2011
Massachusetts Hydrogen Coalition Charles Myers 4/13/2011|Massachusetts Hydrogen Coalition 4.13.2011
MIT Claude Canizares and Ernest J. Moniz 6/16/2011|MIT 6.16.2011
MIT Claude R. Canizares 4/15/2011|MIT 4.15.2011






N/A David E. Bruderly 4/15/2011|Bruderly 4.15.2011
N/A Claude Gosselin 4/14/2011|Gosselin 4.14.2011
N/A Sig Gronich 4/3/2011|Gronich 4.3.2011

N/A C.E. (Sandy) Thomas 4/1/2011|Thomas 4.1.2011

N/A Joe Roemer 4/1/2011|Roemer 4.1.2011

N/A Gert Bruning 3/28/2011|Bruning 3.28.2011

N/A Thomas E. Bearden 3/23/2011|Bearden 3.23.2011
Natel Energy Gia Schneider 4/15/2011|Natel Energy 4.15.2011

National Ground Water Association

Kevin McCray

4/12/2011

National Ground Water Association 4.12.2011

National Research Council Division on Engineering & Physical

National Research Council Division on Engineering & Physical Sciences Peter D. Blair 4/12/2011|Sciences 4.12.2011

Near Zero Steven J. Davis 4/20/2011|Near Zero 4.20.2011

Nuclear Fabrication Consortium Nathan Ames and Matthew Milazzo 4/16/2011|Nuclear Fabrication Consortium 4.16.2011

OLED Association Barry Young 4/15/2011|OLED Association 4.15.2011

Pacific Northwest National Laboratory Michael Kluse 4/14/2011|Pacific Northwest National Laboratory 4.14.2011
Princeton University Bob Williams 4/25/2011|Princeton University 4.25.2011

Promote Hydrogen Tech

Frank Gallagher

4/5/2011

Promote Hydrogen Tech 4.5.2011

RAND Corporation

Keith William Crane

4/15/2011

RAND Corporation 4.15.2011

Sandia National Laboratories

Paul Hommert

4/15/2011

Sandia National Laboratories 4.15.2011

Southeastern Power Administration, Department of Energy

Southeastern Power Administration, Department of Energy Ravi Patel 3/18/20113.18.2011

Stewart Engineering Consultants, Inc. Raymond Kaiser 6/2/2011|Stewart Engineering Consultants, Inc. 6.2.2011
The Leighty Foundation Bill Leighty 5/14/2011|The Leighty Foundation 5.14.2011

Trenergi Corp Charles A. Myers 4/13/2011|Trenergi Corp 4.13.2011

Tufts University

Kelly Sims Gallagher

6/10/2011

Tufts University 6.10.2011

Umicore USA Inc.

Holy Chappell

4/15/2011

Umicore 4.15.2011

University Energy Partnership (CMU, U Pitt, PSU, VT, and WVU)

Christina Gabriel

4/15/2011

University Energy Partnership (CMU-PennState-Pitt-VATech-
WVU) 4.15.2011

University of Maryland

Eric Wachsman

4/24/2011

University of Maryland 4.24.2011

University of Utah

Terry Arthur Ring

4/13/2011

University of Utah 4.13.2011

University of Virginia

Thomas Skalak

5/5/2011

University of Virginia 5.5.2011

University of Virginia John P. O’Connell 3/20/2011|University of Virginia 3.20.2011
URS at NETL Alfred J. Unione and Mark Williams 4/14/2011|URS at NETL 4.14.2011

URS Corporation Terri L. Marts 4/15/2011|URS 4.15.2011

UTC Power Michael O. Brown 4/15/2011|UTC Power 4.15.2011

Washington University

William F. Pickard

3/29/2011

Washington University 3.29.2011

West Virginia University

Curt M. Peterson and Richard A. Bajura

4/15/2011

West Virginia University 4.15.11

XL Hybrids

Amy McKnight Fazen

4/14/2011

XL Hybrids 4.14.2011






		Table for Website




ficient Economy 529 14th Street, N. W., Suite 600 @ Washington, D.C. 20045 @ 2025074000 @ 202.429.2248 © www.aceee.org

April 15, 2011

Quadrennial Review

Office of the Under Secretary for Science (S4)
U.S. Department of Energy

1000 Independence Avenue, SW
Washington, DC 20585

Quadrennial Review Team,

| am writing to provide a few comments on the Quadrennial Technology Review Framing
Document on behalf of the American Council for an Energy-Efficient Economy (ACEEE).
ACEEE is a non-profit research organization founded in 1980 dedicated to advancing energy
efficiency as a means of promoting economic prosperity, energy security, and environmental
protection.

In general, we found the Framing Document to be well thought-out and presented. The six
strategies outlined seem very reasonable. Our comments have to do with some of the detalils,
as follows:

Transport: One of the elements listed is alternative fossil fuels. This section notes that DOE
presently has no research programs in this area. We recommend that this section be deleted
as alternative fossil fuels should be a lower priority than the other items listed. In particular, with
the possible exception of liquids derived from natural gas, all alternative fuels derived from fossil
fuels have very high environmental costs, from extraction to consumption.

Efficiency in Buildings: We believe the elements listed are all reasonable. In addition, we
recommend that a sixth element be added on Plug-Loads and Other Miscellaneous Uses.
According to the 2011 AEO, in the residential sector, electronics and “other uses” accounted for
23% of total energy use in 2010 and this share is projected to rise to 30% by 2035. Likewise, in
the commercial sector, “other uses” were 31% of total energy in 2010 and are projected to be
39% in 2035. The elements of these other uses are not well understood. DOE should conduct
studies to better understand the key “other uses” and then should conduct research on ways to
reduce this use. These uses are too large to be ignored. In addition, as part of its work on the
elements listed, we recommend that DOE work on developing reduced cost strategies for
monitoring large numbers of buildings of all important types. In order to best pursue whole-
building and other system approaches, we need deeper understanding of energy use of
different systems in actual buildings. Conducting such monitoring is expensive with current
technology, hence the need for reduced-cost approaches.

There is also an important potential role for DOE in market aggregation. In aggregate, the
federal government is a huge landlord and energy consumer. Although FEMP has limited
authority and its initial pilot was not completely successful, we recommend continued work
toward large acquisition programs. In particular, we recommend investigating the potential of
working with others on multi-year, increasing scale and declining cost acquisition of equipment —
practices that have been widely used by industry for multi-year component purchases for
equipment components. This is a very promising way to encourage innovation in a structure
which is based on results and allows industry to obtain financing.





Industrial Efficiency: In comparison to the other sections, the industrial section is very brief
and needs to be fleshed out more. We recommend that a more complete industrial section
address the following three elements:

1. RD&D. The development and demonstration of new technologies, processes and products
is critical to the U.S. industrial sector continuing to reduce its energy intensity. While the
department has recently focused on long-term, high risk research activities, it is important
that the program maintain a balanced research portfolio of near-, mid- and long-term RD&D
activities. Near and mid-term activities over the past two decades have contributed to major
energy intensity reductions achieved in many industrial sectors, as was demonstrated in
DOE's recent Steel Industry white paper, which documents how the steel industry has
reduced its energy intensity by 52% over the past 20 years as they have invested $65 billion
in modernization. These nearer term activities, typified by the Industries of the Future
program, have found their greatest impacts by focusing on industry-specific research
challenges identified and co-funded by industry partners, with impacts being realized in as
little as 7 years. These RD&D activities are particularly critical as many industrial firms are
considering major capital investments to modernize their domestic manufacturing capacity.
These nearer-term activities should be complemented with longer-term activities that will
develop the new processes, materials and products that will enable the continuous
modernization of U.S. manufacturing. These activities should be undertaken in coordination
with other research efforts at NIST and DoD.

2. Deployment and Technical Assistance. As the Draft notes, many opportunities exist to
improve manufacturing facilities through the application of existing technology and
knowledge. DOE has been a primary public source of technical information and assistance
to many industrial firms. Over the past 5 years, we have seen a proliferation of state and
rate-payer funded industrial programs. We encourage ITP to strategically leverage these
programs, by partnering with them and providing tools and resource to enhance the
effectiveness of these efforts. ITP currently runs two particularly successful deployment
efforts, the Industrial Assessment Centers (IAC) and Regional Clean Energy Application
Centers (RAC) that have a proven track record of success. DOE should also look to partner
with programs from other agencies to capture the synergies available from collaboration. In
particular, DOE should work in a more coordinated fashion with DoC, NIST, DoL, SBA and
EPA to deliver comprehensive services. A model for this collaboration exists with the fairly-
new E3 effort, The most commonly cited barrier to investment in industrial modernization is
access to capital. DOE could play a critical role, working with other agencies, to facilitate
the access to private and public funding to enable investments in plant modernization.

In the past, DOE has played a critical role in providing technical assistance to industrial firms
to enable them to make modernization investments that allow their facilities to become more
efficient. These efforts, such as Motor Challenge, have been missed in the marketplace in
recent years as new minimum efficiency equipment standards have gone into effect without
DOE’s engagement to assist customers in preparing for these market changes. ITP should
explore reactivating these technical assistance efforts jointly implemented with market allies,
such as trade associations and equipment manufacturers. These efforts can be focused on
technology areas or on management practices, such as the program’s Superior Energy
Performance, which seeks to support acceptance and implementation of the ISO 50001
plant energy efficiency performance standard.





3. CHP and Waste Energy Recovery. DOE and EPA have identified CHP and recovered
waste energy as significant efficiency opportunities. Forthcoming ACEEE research
suggests that utility regulatory and project cost financing continue to limit projects. DOE
played an important leadership role beginning in the late 1990s in building up the CHP
industry that has almost doubled installed capacity over the past decade. The RAC’s have
continued to play a crucial role at the regional level. We encourage DOE to use its power of
convening to bring the stakeholders together to identify a new national road map to again
double the share of CHP over the next decade. These efforts need to be supported by
continued regulatory policy and market research, technical assistance and education on
best practices.

Modernize the Grid: The components listed are reasonable but one critical component is
missing — the interface between the grid and the consumer. Quite a few consumers and
regulators oppose “smart grid” investments because they do not believe the benefits are greater
than the costs from the consumer perspective. From work ACEEE has done in this area, we
believe that the benefits can be substantial if information from smart meters is provided to
consumers in ways that they can understand and act upon, and in ways that will continue to
encourage them to act over time, so that savings persist. But without this critical link, the
benefit-cost relationship is tenuous. To help address this critical link, we recommend that DOE
add a component on research to help develop best practice approaches that use the smart grid
to achieve and maintain substantial consumer energy and energy cost savings.

If you have any questions about these comments, please do not hesitate to contact me.

Sincerely,

Steven M. Nadel
Executive Director






BEFORE THE
DEPARTMENT OF ENERGY

QUADRENNIAL TECHNOLOGY REVIEW FRAMING DOCUMENT

COMMENTS OF THE

AMERICAN ELECTRIC POWER SERVICE CORPORATION

INTRODUCTION

AEP is a multistate vertically integrated electric utility holding company providing electric
service at retail and wholesale in eleven states. AEP owns and operates about 80 generating
stations in the United States, with a capacity of approximately 38,000 megawatts. System wide,
there are approximately 39,000 circuit miles of transmission lines and more than 214,000 miles
of overhead and underground distribution lines. AEP companies participate as transmission
owners in the PJM and Southwest Power Pool RTOs and in ERCOT.

AEP has successfully maintained low energy costs for its customers and is embarking on some
of the largest transmission and generation infrastructure development endeavors in the country.

GENERAL COMMENTS

In general, AEP supports DOE’s mission ‘‘[t]o facilitate the invention, refinement, and early
deployment of meaningful technologies that enable options for scaling by the private sector
toward national energy goals.” As a DOE partner in the AEP Ohio Smart Grid Demonstration
and Mountaineer Carbon Capture and Storage projects, funded in part through American
Recovery and Reinvestment Act (ARRA) grants, AEP is keenly aware of DOE’s support for
development and deployment of emerging technologies in partnership with industry. Without
DOE’s support, many promising technologies would never receive the funding required to move
from research and development to commercialization.

INTERSTATE TRANSMISSION SYSTEM

There is an urgent need for new transmission, especially bulk interstate transmission to be
developed offering more capacity, greater reliability and efficiency than lower voltages. A high
voltage interstate transmission system would require fewer resources, land, materials and time to
develop that a patchwork approach

AEP sees three main areas of technology development for electric transmission:

1. System Control - using synchro-phasor measurements to evaluate system conditions and
provide decision support to system operators; linking local controls to more central optimization





assessments

2. Advanced Diagnostics - Detecting equipment and line condition and providing decision
support to reduce failures and optimize maintenance effort and cost; thereby improving system
reliability and economy

3. Efficient Transmission - energy efficiency, and the application of higher voltage, higher
capacity, higher economic efficiency infrastructure; ensuring economy of scale and sustainability
in materials, labor, land, siting; the number of projects required for sufficient transmission
infrastructure is less when choosing the most appropriate (generally higher) voltage transmission
systems; fewer projects mean less environmental and social impact, less cost, less total material,
and the prospect of speedier completion of the modernized grid

ADDITIONAL COMMENTS

o Monitoring, modeling and control

0 Algorithms are needed to interpret the data and provide decision support and visualization
0 A missing link in much of this is the telecommunications piece — we need to be able to
have the necessary bandwidth, and must a have practical cyber security as needed

° Power electronics must become far more energy efficient and inexpensive

0 Many benefits of power electronics are tempered by their poor energy efficiency — as in
converter/inverters for HVDC, SVCs and FACTs devices

o Energy Storage is an extremely valuable development

0 The US should devote heavy resources in the R&D and deployment of storage

0 We should lead the world in large scale energy storage as it is a great means of making the
system more efficient and moderating the variability of renewable sources

° Clean energy is a high priority, but not the only one. Energy independence using all
available resources is needed

0 Adequate transmission infrastructure is needed for renewable resources

Michael L. Weinstein
Public Policy Consultant
American Electric Power
(614) 716-2706
mlweinstein@aep.com







H. E. CHRISTIAN (CHRIS) PEEPLES

4037 Howe Street AT-LARGE DIRECTOR (510) 851-0968, Fax: 658-1425
Oakland, CA 94611-5211 Alameda Contra-Costa Transit District E-mail: chris_peeples@yahoo.com

15 April 2011

VIA ELECTRONIC MAIL TO: DOE-QTRmailbox@hq.doe.gov.
AND MAILED FIRST CLASS TO:

Dr. Koonin and Members of the DOE-QTR Team
Department of Energy

Office of the Under Secretary for Science (S4)
1000 Independence Avenue, S.W.

Washington, DC 20585.

Re:  DOE-QTR RFI — Support For Continuing Research And Development
Of Fuel Cells For Heavy Duty Urban Transportation Applications

Dr. Koonin and Members of the DOE-QTR Teatn:

I urge you to review and continue the Department’s support for research and
development of hydrogen fuel cells for use in heavy duty urban transportation
applications. Fuel cells provide the clean, quiet, reliable, long lasting and fast refuelable
power needed for heavy duty applications in dense urban areas.

A. Who Am 1

I am a 63 year old retired attorney who has been active in civic and political affairs
for the past 50 years. For the past thitteen years T have been a publically elected at-large
member of the Board of Directors of the Alameda-Contra Transit District (“AC Transit™).
I saw my first PEM (Proton Exchange Membrane) fuel cell in 1960 at my uncle’s
laboratory at General Electric in Schenectady, New York. My uncle, Dr. Robért T. Foley,
was an investigator on the NASA grant for the fuel cell for Project Gemini, These
comments are mine, and not necessarily those of AC Transit’s Board of Directors or
Management.





Dr. Koonin and Members of the DOE-QTR Team
15 April 2011
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B. What Is AC Transit

AC Transit is a legislatively created special district which provides bus transit
service to a population of 1.3 million in 360 square miles on the east side of the San
Francisco Bay. It does so with about 2,000 largely unionized employees and a budget of
about $320 million per year. It is one of the three transit districts in the United States
whose directors are directly elected by the public. AC Transit has about 600 heavy-duty
urban buses, and those buses board about 200,000 people every day. It is the successor to
the private Key System, which was incorporated in 1903.

C. AC Transit’s Fuel Cell Program

AC Transit started its fuel cell program in 1999 and began testing its first fuel cell
bus in 2003 (a 30' Thor with a UTC (United Technology Corporation) fuel cell). In 2005
it received three custom made 40' buses (Van Hools with UTC fuel cells, one of which
now has run over 9,000 hours with no failures or degradation in power). We now have 9
of 12 new 40' fuel cell buses, which we are sharing with four other San Francisco Bay
Area transit agencies. Our new buses use 120 kW PureMotion® fuel cells from UTC in
Hartford, Connecticut and advanced lithium-ion batteries from EnerDel, Inc. of
Indianapolis, Indiana.

Our first hydrogen station came used grid powered electrolysis. It was at our
operating division in Richmond, and was provided by the California Fuel Cell Partnership
and Hydrogenics. We built a second station with the Chevron that produced 150Kg/day
using high temperature steam reformation of natural gas. The first two stations produced
in excess of 65,000 Kgs of hydrogen between 2002 and 2010 when we decommissioned
the Chevron station after five years of operation. We are almost finished building a
hydrogen production plant that uses solar energy to create electricity and then uses that
electricity to electrolyze water. Some of that solar energy comes from photo-voltaic cells
provided by an FTA (Federal Transit Administration) TIGGER I (Transit Investments for
Greenhouse Gas and Energy Reduction) grant.

AC’s program has an educational component. We have assisted our partner,
Sunline Transit of Thousand Palms, California and College of the Desert of Palm Desert,
California in the development of a Community College fuel cell maintenance curriculum,
We are also partnering with the Lawrence Hall of Science of Berkeley, California, the
Chabot Space and Science Center of Oakland, California, and the Schatz Energy
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Research Center at Humboldt State University, in the development of middle and high
school science curricula about hydrogen fuel cells.

AC’s program has strong suppott from our congressional delegation and recently
received a support letter signed by 19 out of 22 members of the Bay Area state legislative
delegation (some were out of town) in support of our application to the California
Department of Energy for grant funding.

Technology validation for this and other heavy duty fuel cell projects around the
United States is provided by the Department’s excellent National Renewal Energy
Laboratory. For more information on AC Transit’s fuel cell program see:
hitp://www .actransit.org/environment/the _hyroad/.

D. Why Fuel Cells

A typical urban transit bus weighs between 20 and 30 thousand pounds, needs to
be able to operate 18 to 20 hours and travel 200 to 250 miles a day. At the end of the day
it comes back to a yard (AC Transit calls them “Divisions™) that serves 150 to 250 buses.
The buses need to be refueled and serviced quickly and sent off for needed minor or
preventative maintenance, or parked for “pull out” the next morning. Fuel cells are the
only zero emission technology that meets these criteria.

Zero emission is increasingly important. In a dense urban area, such as most of
AC Transit’s service area, our residents deal with trucks, trains and, in several locations,
ocean going ships. They all emit substantial amounts of particulate matter and other local
pollutants, leading to a scrious asthma problem, particularly among our District’s children
and scniors. With the passage of Assembly Bill 32, California, at least, has clearly
recognized the problem of global warming caused by greenhouse gases.

AC’s diesel buses now all meet CARB (the California Air Resources Board)’s
Urban Bus Rules, so are dramatically cleaner than other pre-2010 diesel engines. Our
fuel cell buses, however, produce no pollution at the bus and over 40% less greenhouse
gases “well to wheal” than the equivalent diesel buses — and that is producing the
hydrogen with high temperature steam reformation of natural gas. As noted above, when
AC’s electrolysis plant using solar electricity is finished, we will be producing zero
carbon hydrogen
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In addition, fuel cell buses are very quiet. Noise pollution is an increasing issue
with urban transit agencies.

Two of the often cited issues with fuel cell vehicles — lack of a hydrogen
infrastructure and problems with hydrogen storage — are not issues with urban buses. As
noted above, all the buses come “home” to a division at night to be refueled and the
addition of roof mounted tanks to an already large vehicle causes no problems.

AC Transit, like most government jurisdictions, particularly local jurisdictions in
California, is under financial stress. AC Transit is doing this pioneering work with heavy
duty urban applications of fuel cells for ourselves and our constituents, but also as a
demonstration for California and the country. We continue to need the support of the
Department and other Federal agencies.

Thank you for this opportunity to comment on the Department’s Quadrennial
Technology Review. If you have any questions, please feel free to call or e-mail me at
the number or e-address above. If Secretary Chu would like to be picked up by a fuel cell
bus when he is home in Berkeley, I would be happy to arrange that.

Very truly yours,

21

H. E. Christian Peeples

Cc:  AC Transit Board of Directors
Mary V. King, Interim General Manager
Carol Babington, Interim General Council
Jaimie Levin , Director of Alternative Fuels Policy

HECP/win

[G:2ip_Non_LgMNACLN-FULH2_Fue!_Cet\ac-doe-atr-Ap11.wpd]

{Not printed or mailed at District Expense. Statements not necessarily Board policy.]
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Department of Energy

Oftice of the Under Secretary for Science (S4)
1000 Independence Avenue SW

Washington, DC 20585

To the DOE-QTR Leadership Team:

To ensure the acceptance and adoption of new energy technologies by
individuals, communities, and businesses, and to meet the administration’s
national energy goals, there is a critical need to identify important non-
technical barriers and to assess how they might be better understood and
managed using insights from the social sciences. Many of these non-technical
barriers are not fully addressed by federal energy policies. As a result, the
deployment of new energy technologies, including energy efficiency and smart
grid technologies, is slowed.

Through its Alternative Energy Future project (http://www.amacad.org/
projects/alternative NEW.aspx), the American Academy of Arts and Sciences is
examining the legal, social, and economic barriers to the adoption of new
energy technologies. This letter builds on the preliminary findings of the
Alternative Energy Future committee, and is submitted in response to the
following question from the Quadrennial Technology Review (QTR) framing
document: “A number of non-technical barriers — including federal, state, and
local regulations, market failures, and non-technical risks — impact the rate of
deployment of energy technologies. What, if any, role should the Department
have in addressing these barriers?”

The members of the Alternative Energy Future committee have identified
several non-technical issues that require new thinking from social scientists in
order to maximize the success of innovative new energy technologies. Although
some of these issues lie outside the purview of DOE, we strongly urge that
DOE work with other agencies to consider each of these questions as part of
the government-wide Quadrennial Energy Review (QER):

1. What are the barriers to achieving social consensus on energy policies,
and how can these barriers be overcome? Social consensus is more than
understanding new technologies and accepting the need for new policies.
Rather, the desire to improve the energy system should become a social norm
that not only motivates collective action, but also influences individual,
household, and community decision-making.

NORTON’S WOODS 136 IRVING STREET CAMBRIDGE, MA 02138-1996 USA

telephone 617-576-5000  facsimile 617-576-5050  email aaas@amacad.org  www.amacad.org





2. How do individuals and communities respond to technological changes in the
energy system? How individuals and communities respond to technological changes in
the energy system and to the policies adopted to bring those changes about is crucial to
the success of energy policy. Thus, policy-makers must consider how best to facilitate
technology adoption. For example, what incentives are likely to be most effective in
influencing energy-related decisions? And how can policy-makers anticipate and address
resistance to change?

3. How do federal energy regulations need to change to support new energy
technologies? Changing the energy system will require new regulations as well as
alterations to existing policies. For example, implementation of carbon capture and
storage technologies will require a regulatory regime that does not yet exist. In addition,
a variety of existing tax policies must be modified so as not to discourage investments in
alternative energy and energy efficiency technologies.

4. What governance framework will help sustain energy policies over the long term?
There are two dimensions to this issue. First, all levels of government will need to be
engaged in the development and implementation of energy policies; thus, balancing
federal, state, and local roles will be critical to the long-term sustainability of these
policies. Second, policy-makers must determine how to ensure the durability of federal
regulatory structures over several decades, even as these structures adapt to new
information about scientific, technological, and policy successes.

5. How will America’s energy choices affect our relationship with other nations?
What issues arise from the establishment of international regulatory structures, and how
can we reconcile different cultural values? Issues of economic competition, technological
cooperation, and national security may emerge.

6. What will be the effect of changing the energy system on other physical systems,
including ecosystems, land use, and water supply? What will be the public’s response
to these changes? Can adverse effects best be mitigated by energy policy, or through
changes in management regimes for the affected resource (water policy, for example)?

As America develops cleaner, more secure energy sources, it will be increasingly
important to understand how to address non-technical barriers to their adoption. Thus,
as recommended in the November 2010 report from the PCAST Energy Technology
Innovation System Working Group, we urge DOE to move rapidly to institute a social
science research program on energy issues in collaboration with the National
Science Foundation. Such a program would investigate how social science expertise
could be incorporated into all stages of federal energy research, development,
demonstration, and deployment to facilitate the adoption of innovative energy
technologies. It should stress the importance of interdisciplinary research and the
inclusion of experts from a wide range of backgrounds, including behavioral scientists,
economists, legal scholars, and business leaders. This initiative could be undertaken
before the QTR is completed.





On May 19-20, 2011, the American Academy will hold a workshop in Washington,
D.C., that will examine many of the issues listed above. This workshop will identify
priority areas for future social science research on energy as well as opportunities for new
collaborations between policy-makers, technologists, and social scientists. The workshop
report will provide a valuable resource for future studies of the non-technical barriers to
new energy technologies, including those undertaken as part of the DOE-QTR and the
subsequent government-wide QER.

Sincerely,
Robert W. Fri Leslie C. BeriownW
Visiting Scholar President and William T. Golden Chair

Resources for the Future American Academy of Arts and Sciences
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April 15, 2011

Office of the Under Secretary for Science
U.S. Department of Energy

1000 Independence Avenue, SW
Washington, D.C. 20585

RE:  Availability of Department of Energy-Quadrennial Technology Review Framing
Document and Request for Public Comments, 76 Fed. Reg. 13,607 (March 14, 2011).

Ladies and Gentlemen:

The undersigned members of the natural gas industry are pleased to submit for your
consideration the following comments in response to the U.S. Department of Energy’s
Request for Public Comment, Availability of Department of Energy — Quadrennial
Technology Review Framing Document and Request for Public Comment, 76 Fed. Reg.
13,607 (Mar. 14, 2011).

We believe that increased use of natural gas is essential to meeting the nation’s future
energy needs. Natural gas is abundant, given the dramatic technology advancements that
allow access to America’s vast shale resources. Natural gas utilities and their customers
have reduced carbon emissions by 40 percent over the past 40 years. Natural gas is a
readily available energy resource. Although technology improvements will allow for even
greater emission reductions in the future, natural gas-fired power generation already is
among the cleanest electric generation alternatives, featuring low emissions, a small land
footprint, sustainability, and the ability to complement renewable energy sources to ensure
reliability. Development of U.S. natural gas reserves also yields jobs and economic growth.
The natural gas industry supports nearly 3 million jobs—direct and indirect. Natural gas
companies contributed over $3.5 billion annually in royalty payments to the federal





government between 2005 and 2010. In 2008, the natural gas industry’s contribution to the
overall economy was $385 billion, with $180 billion in labor income alone.

Given the economic and environmental benefits of natural gas, increased gas use should be
at the center of national energy policy going forward. The Department’s program budgets
should be reconsidered to allocate the necessary resources to natural gas program areas as
detailed in the comments of Gas Technology Institute (“GTI”) submitted in this proceeding.
Increased gas use can help meet the Administration’s national energy goals as set forth in
the Request for Public Comment of reducing energy-related greenhouse gas emissions and
generating electricity from clean energy sources.’

Natural gas produces very low emissions of NOx, SOx, and fine particulate matter, no
emissions of mercury and approximately half the CO2 emissions of other fossil fuels. As a
result, natural gas is a fuel that is both clean and efficient. Moreover, employing natural gas
in combined heat and power and distributed generation applications is a highly efficient use
of natural gas and effective in reducing emissions. In addition to the favorable efficiency
and emissions effects of CHP and DG, such applications serve to improve the efficiency of
the entire natural gas transmission and distribution systems, helping to lower costs for all
customers. Further, the direct-use applications of natural gas (e.g., space heating and
water heating) can be dramatically more efficient than electricity in these applications and
can produce only about half the carbon emissions. As demonstrated in the analysis by GTI
included with its comments, the expanded use of natural gas coupled with increased energy
efficiency and deployment of renewable resources can reduce U.S. carbon emissions from
2005 levels by 42 percent by 2030.2

Moreover, a recent report prepared by GTI and Navigant Consulting concluded that
achieving a clean energy future where natural gas is a key component will require a number
of near term actions related to policy, technology development, and implementation of
capabilities in each of the energy sectors.® Regarding research and development, the report
recommends the following:

¢ Include natural gas in advanced metering infrastructure development to optimize
common infrastructure, interoperability and cross-compensation among all utility
infrastructures including electricity and water;

e Ensure that future federal funding programs including Smart Grid encourage and
allow the use of funding for dedicated natural gas projects and combined
electric/natural gas projects;

e Develop a technology roadmap for natural gas in a smart energy future, including
critical input from a broad group of stakeholders and the energy technology R&D
community;

¢ Increase federal/provincial funding for basic as well as applied research in natural
gas safety and reliability and smart energy infrastructure technology; and

e Establish a federal/provincial public-private research, development and deployment
program for natural gas similar in size to the electric Smart Grid programs that
includes component and system suppliers

' 76 Fed. Reg. at p. 13.607.

¢ How Energy Efficiency, Natural Gas and Renewables Can Substantially Reduce U.S. Carbon
Dioxide Emissions, Gas Technology Institute (2009).

® Natural Gas in a Smart Energy Future, Gas Technology Institute, Navigant Consulting, Inc. (January
2011). A copy of the report is available on the American Gas Foundation website at:
http://www.gasfoundation.org/ResearchStudies/natural-gas-smart-energy-future.htm






With regard to transportation, the expanded use of natural gas can play a significant role in
meeting our national energy security and environmental goals. Natural gas vehicles are
commercially available today in the heavy, medium and light duty vehicle sectors, and have
potential off-road and marine applications as well. Diversifying the transportation fleet to
include a greater percentage of natural gas vehicles can significantly decrease our
dependence on foreign oil, thus enhancing our energy security, while reducing overall
emissions.

We therefore urge the Department to consider the important role that our natural gas
resources can play in meeting the nation’s energy goals and support policies, research and
technology development that increase the use and deployment those resources. We
support the comments made by GTI in its comments in this proceeding.

Respectfully submitted,

Af)z«M«-?/

American Gas Association
American Gas Foundation

Bt Tt

American Public Gas Association
APGA Research Foundation

%J :2‘”,‘.' * _

—

Interstate Natural Gas Association of America
INGAA Foundation, Inc.
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Technology for a Better Environment
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Lynn G. Bellenger, P.E., FASHRAE Reply to: PATHFINDER ENGINEERS & ARCHITECTS LLP
President 134 South Fitzhugh Street

Rochester, NY 14608-2268

= 585-325-6004 ext. 105

Fax: 585-325-6005
Ibellenger@pathfinder-ea.com

April 14, 2011

Asa Hopkins

U.S. Department of Energy

Office of the Under Secretary for Science (S4)
1000 Independence Ave., SW

Washington, DC 20585

Regarding Public Comment on the U.S. Department of Energy’s Quadrennial Technology
Review Framing Document

Dear Dr. Hopkins:

The American Society of Heating, Refrigerating and Air-Conditioning Engineers Inc. (ASHRAE),
founded in 1894, is an international organization of over 52,000 members. ASHRAE fulfills its
mission of advancing heating, ventilation, air conditioning and refrigeration to serve humanity and
promote a sustainable world through research, standards writing, publishing and continuing
education.

As a leader in developing and maintaining premier consensus-based standards, in addition to
professional certifications, advanced energy design guides, research, and other services, we offer
the following recommendations to improve the U.S. Department of Energy’s Quadrennial
Technology Review Framing Document (Framing Document).

Summary of Recommendations
1. DOE energy research mission: ASHRAE recommends replacing “scaling” with
“commercialization” to clarify the meaning of DOE’s mission.

2. What principles should the Department follow for allocating resources among technologies of
disparate maturity and potential time to impact? ASHRAE recommends employing a balanced
portfolio approach containing a blend of supply- and demand-side projects.

3. ASHRAE encourages DOE to invest substantial resources into research and development to
better understand the energy flows of buildings to stimulate the development and deployment of
lower-cost building and equipment monitoring technologies.

4. What, if any, role should the Department have in addressing non-technical barriers (e.g., codes
and standards) to the deployment of energy technologies? ASHRAE recommends working with
other federal agencies and departments to hasten the adoption of updated industry standards
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throughout the federal government. We also encourage DOE to reference and utilize private
sector education, training, and certification programs, such as those developed by ASHRAE and
other technical societies, for persons involved with building design, operation, and maintenance.

5. Modernizing the grid: ASHRAE recommends using ASHRAE/NEMA Standard 201P and
BACnet to help standardize information exchange and data management in the Smart Grid. The
Society also recommends supporting research and development and customer incentives to
speed the deployment and adoption of new technologies into the Smart Grid.

6. General recommendations and comments: Clarify the Department of Defense consumption
figure, and emphasize DOE'’s collaborative relationship with the private sector.

Background for Recommendations
1. DOE energy research mission: ASHRAE recommends replacing “scaling” with
“commercialization” to clarify the meaning of DOE’s mission.

ASHRAE recommends changing the wording of DOE’s energy research mission statement to
specify its meaning. The revised statement would read as follows (additions are underlined and
deletions are struck through):

“To facilitate the invention, refinement, and early deployment of meaningful technologies that
enable options for sealing commercialization by the private sector toward national energy goals.”

ASHRAE supports DOE’s energy research mission statement with this revision, and notes the
similarity of its essential character to the Society’'s own Research Vision in ASHRAE's 2010-2015
Research Strategic Plan, which supports efforts to identify and overcome barriers to improving
building efficiency, design, and performance:

“ASHRAE conducts timely research to remain the foremost, authoritative and responsive
international source of technical and educational information, standards and guides on the
interaction between people and the indoor and outdoor environment through the operation of
HVAC&R systems in buildings and other applications.”

2. What principles should the Department follow for allocating resources among technologies of
disparate maturity and potential time to impact? ASHRAE recommends employing a balanced
portfolio approach containing a blend of supply- and demand-side projects.

By balancing the allocation of resources between supply- and demand-side projects the
Department may be able to ensure that the activities it funds have a higher probability of success. A
good example is the juxtaposition between the Department’'s Advanced Research Projects Agency-
Energy (ARPA-E), which funds early-stage, high-risk/high-reward projects, and the Department’s
Loan Guarantee Program, which funds projects that are closer to commercialization and have a
higher likelihood of success.

However, even within ARPA-E and the Loan Guarantee Program, it is important to strive to achieve
a balance between funding projects that would improve the production or supply energy, and those
that would lower energy consumption by increasing the efficiency of buildings and other users. This
is especially important because the goal of meeting the nation’s energy needs cannot be achieved

! ASHRAE Research Strategic Plan 2010-2015: Navigation for a Sustainable Future.
http://www.ashrae.org/File%20Library/docLib/Public/20100621 strategicnhavigationbrochure.pdf.
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simply by continuously increasing the supply of energy; instead we must place an equal, if not
greater focus on improving the efficient use of energy, which will reduce demand and increase
available capacity.

3. ASHRAE encourages DOE to invest substantial resources into research and development to
better understand the energy flows of buildings to stimulate the development and deployment of
lower-cost building and equipment monitoring technologies.

Even after decades of effort, the building industry has very poor understanding of the flows of
energy in buildings, and how the details of energy use differ from expectations, standards, and
models. For many reasons, “as designed” is generally different from “as operated”, and “certified”
equipment performance gives a one- or two-dimensional picture that cannot reflect the energy
savings benefits of advanced but unrated features. Until we understand how residential and
commercial buildings, systems, equipment, and components actually work, we will continue to focus
on treating symptoms of inefficiency rather than the direct causes.

After decades of effort, field studies are still very expensive “one-offs.” Thus, there isn't the basic
data for developing retrofit approaches specific to building types and construction variations that will
allow us to get to scale to retrofit the building stock — and design new buildings with confidence. We
recognize that DOE funding for the Greater Philadelphia Innovation Cluster is a major initiative in
advancing our understanding of retrofit possibilities in existing buildings.

We recommend that DOE devote substantial resources to stimulate the development and
deployment of standardized, lower-cost building and equipment monitoring technologies and
methods that can be widely and cost-effectively employed to solidly establish an empirical basis for
building science, and to enable much greater efficiency gains (and much better control of indoor
environmental conditions), more quickly than the piece-meal approach of the past four decades. We
believe that enormous gains could be made with competitive procurement strategies that pay for
studies in large groups of similar buildings, allowing contractors to focus on scalable methods and
reduced labor costs.

4. What, if any, role should the Department have in addressing non-technical barriers (e.g., codes
and standards) to the deployment of energy technologies? ASHRAE recommends working with
other federal agencies and departments to hasten the adoption of updated industry standards
throughout the federal government. We also encourage DOE to reference and utilize private
sector education, training, and certification programs, such as those developed by ASHRAE and
other technical societies, for persons involved with building design, operation, and maintenance.

In response to a December 8, 2010 request for information in the Federal Register?, ASHRAE
worked with the American National Standards Institute (ANSI) to submit comments?® to the National
Institute of Standards and Technology in the U.S. Department of Commerce.

The comments explain that, for various reasons, federal agencies are not always able to make
timely updates to industry standards referenced in rules and regulations when new versions of

2 Request for Information on the Effectiveness of Federal Agency Participation in Standardization in Select Technology
Sectors for National Science and Technology Council’s Sub-Committee on Standardization.
http://www.federalregister.gov/articles/2011/01/21/2011-1005/effectiveness-of-federal-agency-participation-in-
standardization-in-select-technology-sectors-for

> ANSI Response to Request for Information on Federal Agencies’ Participation in Standards and Conformity
Assessment Activities. http://standards.gov/standards gov/sos rfi_docs/7 ANSI.pdf
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these standards are published. This has the potential to create confusion within the federal
government and private sector, and impede the greater deployment of new technologies with higher
efficiencies.

To overcome this challenge, the comments recommend that federal agencies follow a different
approach, in which an agency would have “90 days after the promulgation of a revision of a
referenced standard to update the Code of Federal Regulations (CFR). If the agency does not do
so within the 90-day period, it will be presumed that the revision of the standard would be accepted
as the new standard. An agency could create a due diligence requirement that such a revision has
to be noticed in the Federal Register for 30, 60, or 90 days. If no significant opposition has been
heard, the revision becomes the new standard. A number of agencies have successfully used this
approach.*’

The Department can help remove barriers to the deployment of new energy technologies by
adopting this alternative pathway to updated industry standards.

Additionally, ASHRAE encourages DOE to reference and utilize private sector education, training,
and certification programs for persons involved with building design, operation, and maintenance.

ASHRAE has worked with the U.S. General Services Administration, and other technical societies
to develop several professional certifications®. ASHRAE's current certifications include:

s Operations & Performance Management Professional

¢ High-Performance Building Design Professional

% Healthcare Facility Design Professional

% Commissioning Process Management Professional

+« Building Energy Modeling Professional

% Building Energy Assessment Professional

These certifications would help prepare building personnel to design, operate, and maintain

buildings at high performance. Without this training, even well-designed buildings may not achieve
their highest potential efficiencies.

Referencing and utilizing these certifications for federal and private sector building personnel may
help meet the requirements of the Federal Buildings Personnel Training Act (P.L. 111-308), which
requires federal personnel and contractors performing energy management, building operations
and maintenance, safety, and other functions to participate in training and certification programs to
enhance their competencies and comply with existing requirements under federal law.

5. Modernizing the grid: ASHRAE recommends using ASHRAE/NEMA Standard 201P and
BACnet to help standardize information exchange and data management in the Smart Grid. The
Society also recommends supporting research and development, and customer incentives to
speed the deployment and adoption of new technologies into the Smart Grid.

4 Request for Information on the Effectiveness of Federal Agency Participation in Standardization in Select Technology
Sectors for National Science and Technology Council’s Sub-Committee on Standardization.
http://standards.gov/standards gov/sos rfi docs/7 ANSI.pdf

> For additional information on ASHRAE’s professional certifications, visit http://www.ashrae.org/certification/.
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Buildings account for 73 percent of all electrical energy consumption® and 55 percent of all natural
gas consumption nationwide. Because buildings consume more electricity and natural gas than any
other sector, buildings will play a central role in the modernization of the nation’s current electrical
grid to a Smart Grid, and will become active participants, as energy storage centers, dispersed
renewable energy micro-generators, and electrical vehicle charging stations.

ASHRAE encourages the Department to consider using ASHRAE/NEMA Standard 201P Facility
Smart Grid Information Model as a basis for common information exchange in the Smart Grid
between control systems and end-use devices found in single- and multi-family homes, commercial
and institutional buildings, and industrial facilities that is independent of the communication protocol
in use.

Similarly, the Society encourages the Department to consider using BACnet® — A Data
Communication Protocol for Building Automation and Control Networks (ANSI/ASHRAE Standard
135), and BACnet technologies to help modernize the grid.

The Society’s rational for using BACnet stems from the belief that managing data in the Smart Grid
will be a major issue. Data is generated at each stage of energy generation and consumption.
Robust support for the data produced during the interplay of the on- and off-site generation of
renewable and nonrenewable energy, its transmission, storage, and consumption will be required to
capture efficiencies, and prevent data loss and unnecessary duplication of effort.

BACnet is a well-established data communication protocol for building automation and control
networks, and has been communicating on standard IP networks for more than ten years. BACnet
currently possesses energy management and load control capabilities and is a natural fit for
integration into the Smart Grid. Not long ago, BACnet'’s Utility Integration Working Group was re-
chartered as the Smart Grid Working Group. The Working Group focuses on enabling buildings to
act as full participants in the Smart Grid — receiving price and event signals from grid operations, as
well as requests for resource status and responding to grid signals with control actions to
appropriately manage energy.

Regarding research and development to help modernize the grid, the Society encourages DOE and
other federal agencies to continue and increase support for research and development of the Smart
Grid. ASHRAE also supports private/public joint research and demonstration programs and
deployment partnerships that will help to advance the Smart Grid. Research and demonstration
projects that document the economic benefits of changing customer behavior also should be
encouraged.

ASHRAE supports this recommendation because the implementation of the Smart Grid will be a
complex process that affects all market sectors. Research and development is needed to more
accurately assess its benefits and costs and to anticipate its requirements. Demonstration projects
will help speed adoption of both technology and practices.

To help speed the deployment and adoption of new technologies into the emerging Smart Grid,
ASHRAE recommends focusing on research and development on customer incentives. In
particular, the Society recommends that research on balancing integrated load, generation, and
thermal storage with response to a local price signal and toward stable grid operation should be
actively funded. Research and demonstration projects that document the economic benefits of
changing customer behavior will also speed adoption of both technology and practices. Voluntary
participation driven by economic incentives is more likely to succeed than mandatory programs.

¢ey.s. Department of Energy. 2009 Buildings Energy Data Book. http://buildingsdatabook.eren.doe.gov/.
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ASHRAE's reasoning for this recommendation is based on numerous pilot programs that have
taken place in the United States, which have made it clear that customers understand and will
respond to pricing options if the on-peak off-peak differential makes it worthwhile to do so. There
are studies from Georgia, California, Maryland, Washington DC, and many other parts of the U.S.
that show that customers do respond, and that customers with automated systems respond to an
even greater degree.

To avoid possible resistance to the Smart Grid, it should be emphasized that customer responses
should not be forced; it will happen if pricing signals are adequate and response mechanisms are
present. Commercial and industrial customers generally are not willing to cede control of equipment
and building systems to an external energy services company. Likewise, as technology enables
more appliances in the home to respond to grid signals, residential customers will likely also resist
direct load control approaches.

There will be situations where some consumers will not be interested in using Smart Grid
technologies. For example, some/many consumers will not replace appliances they recently
purchased in order to have an appliance that is “Smart Grid ready”.

There is a link between energy efficiency, net zero energy buildings, and a Smart Grid. Policies that
encourage energy efficiency can substantially reduce the need for new grid capacity. However,
efficiency improvements lower the incentive to respond to price or demand response signals. For
example, if a consumer replaces a 20 year-old refrigerator that uses about 1,000 kWh per year with
a refrigerator that uses 450 kWh per year, the average and peak demand available for demand
response will be much less. As another example, a customer with an old three-ton air conditioner
rated at 9 EER will use about 4 kW at EER test conditions (95 degrees Fahrenheit outside ambient
air). If the customer purchases a new air conditioner that is rated at 13 EER, the new peak demand
will be 2.77 kW — a 31.25 percent reduction in peak demand, which also means a 31.25 percent
reduction in potential demand response.

Federal policy should emphasize energy efficiency over the Smart Grid in the commercial/industrial
and residential markets. Buildings operate on a very slow time scale in terms of the length of life of
equipment/appliances and the life of the structure itself. As demonstrated above, there is generally
not enough economic benefit in the Smart Grid to justify upgrading useful equipment and buildings
to a more Smart Grid-ready model. However, there often is enough value, with the right price signal,
to drive the investment in controls and energy management tools to provide better monitoring and
energy management of existing equipment. We would also note that standards in the home domain
are still developing and merit a slow roll-out of technology in the home space.

For residential power management, we note the progress in Europe with the Energy Research
Centre of Netherlands’ (ECN) PowerMatcher platform which has successfully used thermal storage
attached to heat pumps to shift load off-peak, and an auction-based local power arbitration
approach to integrate electric vehicles such that they charge off-peak. The Pacific Northwest
National Laboratory is working on a similar approach to residential power management. Research
along the lines of balancing integrated load, generation, and thermal storage with response to a
local price signal and toward stable grid operation should be actively funded.

Part of designing for energy efficiency is installing sensors and controls to allow monitoring building
performance over time. Equipment performance degrades and devices malfunction. Sensors can
detect that degradation. Sensors and controls also enable fine-grained energy management such
that one room can have fresh air and heat as needed for a large meeting, while the room next door
has no lighting, and no heating and ventilation because it is unoccupied. If we design buildings for
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that kind of energy efficiency and healthy operation, then we also have buildings that are optimally
prepared to respond to grid events and changes in electricity price.

For large customers, even small price changes can provide an economic incentive. The experience
of the Georgia Institute of Technology in responding to small 24-hour advanced notice price signals
is an example’. In some cases capital investments to install thermal storage systems are needed to
take advantage of dynamic pricing. Policies that make this capital investment easier would
encourage adoption. Research and demonstration projects that document the economic benefits of
changing customer behavior will also speed adoption of both technology and practices.

6. General recommendations and comments: Clarify the Department of Defense consumption
figure, and emphasize DOE'’s collaborative relationship with the private sector.

Page seven of the Framing Document states that “almost 90% of federal energy use is in the
Department of Defense”. Clarification is needed on whether this figure represents energy used by
the Department of Defense for ships, trucks, planes, etc., or stationary uses, such as buildings.

Pages 11 through 13 of the Framing Document discuss DOE'’s activities, however what is not
mentioned is the Department’s extensive collaboration with private sector non-governmental
organizations and standards development organizations, such as ASHRAE, to help develop
standards and codes, encourage their adoption, increase compliance rates, and disseminate
information to stakeholders and the general public.

ASHRAE recommends amending the section of the Framing Document on DOE Activities to include
an examination of this public-private relationship.

Conclusion

ASHRAE hopes that these comments and recommendations in response to the request for public
comment on the Department of Energy’s Quadrennial Technology Review Framing Document will
assist DOE in identifying and overcoming challenges to meet the nation’s energy efficiency goals.

We look forward to responding to any guestions or comments DOE may have on ASHRAE's
response. Please feel free to contact Mark Ames, ASHRAE Manager of Government Affairs, at
mames@ashrae.org or 202-833-1830.

Personal regards,

4mw(7f Gallimgmn,

Lynn G. Bellenger
ASHRAE President 2010-2011
LGB/gfc

7 Alexander, Donald, Cornelius Ejimofor, and David Holmberg. “BACnet® at Georgia Tech.” ASHRAE Journal Nov. 2007.
http://www.nist.gov/manuscript-publication-search.cfm?pub id=861044.
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Thank you for inviting comments on DOE Energy policy making. | have one issue that | wish addressed:

1. How do lawmakers tie DOE funding to the creation of American jobs? The DOE has provided
over $2B in funding for vehicle electrification and batteries. How is that funding tied to US job
creation? China, Japan, the EU and India all aggressively tie government funded programs to
domestic entities and economic growth. What are US DOE policies shaping up to in this regard?

John LaGrandeur
Director of Automotive Programs
Amerigon/BSST LLC

5462 Irwindale Ave.
Irwindale, CA 91706 USA

cell: +1 626 3409271
jlagrandeur@bsst.com
WWwWw.bsst.com







Colleagues:

This response is provided on behalf of the Ames Laboratory. We find that the Framing
Document is cogent, compelling and cohesive, and that it proses several important questions.
We are providing responses on a few of those, where we feel that we have significant input to
offer.

1. Mission statement for DOE energy research.

We find this to be very suitable, and particularly commend its avoidance of any mention of
particular means of meeting the stated goals.

3. Principles for allocating resources.

It is important, within all of the categories of this question, to avoid positions that discourage
appropriate risk-taking. DOE should be prepared to pursue lines of research - even in applied
areas - that are riskier than would be acceptable in a corporation that has to be responsible to its
shareholders.

4b. Technology user facility design principles

There is a fundamental difference between the proposed technology user facilities and the typical
Office of Science user facilities. At major facilities such as light sources, the typical use
involves bringing a specimen, collecting some data, and then leaving. Perhaps slightly different
cases apply where a company essentially "owns" a beamline, but still, the mode of operation is
essentially such that a user can have minimal contact with other users, and leave no trace of his
or her activities. It is easy to maintain a high degree of confidentiality, even when using a shared
facility. A "technology user facility," in contrast, is likely to involve longer-term development
activities, rather than just instrument use, and thus there is likely to be much greater interaction
between users of the facility. Furthermore, it is possible or even likely that the facility will be
changed by the uses to which it is put, thus leaving potentially valuable commercial information
in place. For industrial users, this can pose a challenge to IP protection unless a corporation can
have exclusive use of the facility for an extended period of time. Such a mode of operation, in
turn, poses the possibility of a company strategically "locking out" its competition. The
appropriate modes of operation for such a facility need to be considered very carefully if it is to
avoid these problems.

4c. Gathering technology market information

This is an issue that is addressed in the APS/MRS report on Energy Critical Elements, where the
gathering of market information is identified as a key element in a strategy for anticipating
research needs before they develop into crises. It is essential for corporations to be assured and
fully confident that information that they provide will be held in the utmost confidentiality, or
they will inevitably avoid participating in any data-gathering. It would be helpful if the data
were gathered by an agency with Principal Statistical Agency status.





7. The six strategies

While it is agreed that these are, indeed, the correct strategies, the bridges between the Supply
and Demand sides represent quite specific choices, and presenting such specific choices conflicts
with the philosophy of identifying technological alternatives and letting the marketplace decide
among them. Take the case of progressively electrifying the vehicle fleet, for example: this is
only one alternative and, even though it might be overwhelmingly evident that it is the right one,
it should still compete in the marketplace with other alternatives such as high-efficiency IC
engines, biofuels, etc.

Other comments:

However the energy future unfolds, it is almost beyond question that it will involve increasing
electrification, and that electrical energy will gradually supplant other modes of delivery to the
consumer. The consequence of this is a need for radically increased grid capacity, and the
development of grid-scale storage and smart grid technology are essential. Much less attention
has been given, so far, to the issue of providing enough material for the grid infrastructure -
transformers, towers and cables. There is a large need to develop and field new technologies for
these purposes, allowing greater currents to be carried in fewer cables, extending the distance
between towers, etc, and allowing existing rights-of-way to be used at higher capacity, as a
partial alternative to the more challenging task of opening new ones. Ultimately, the cost of the
physical infrastructure, and the need to acquire the raw material for it, is going to be a bigger
challenge than the technology involved in making the grid smart.

-Alex King

« Ames Laboratory

Creating Materials & Energy Solutions

U.S. DEPARTMENT OF ENERGY






Comments on DOE’s Draft
Quadrennial Technology Review Framing Document

I am astonished and appalled that the QTR Framing Document contains not a single reference to
either stationary or transportation applications of Hydrogen and Fuel Cell Technology (HFCT). This
omission amounts to de facto picking “winners and losers” (in the case of HFCT, no mention means
being tagged a “loser”), which DOE has consistently said it will not do. Further, this omission runs
counter to conclusions from:

— The PCAST Report (which prompted the QTR) statement that includes hydrogen as
“among the promising pathways”.

— The National Academy study (‘“Transition to Alternative Transportation Technologies”)
commissioned by DOE, which concluded that without hydrogen fuel cell vehicles in the
mix with biofuels, PHEV’s and advanced combustion vehicles, the US could not reduce
CO2 emissions from the light vehicle fleet sufficiently to meet the administration’s
objectives; nor could we reduce oil use sufficiently to assure our nation’s energy security.

— The very recent McKinsey study, sponsored by the EU and drawing on proprietary data
from 10 major automobile companies worldwide. This study pointed out that HFCV’s were
essential to meeting the EU’s carbon reduction goals and that the cost of installing a
hydrogen fueling infrastructure was significantly less than the cost of a comparable
infrastructure for PHEV’s and EV’s.

How the QTR can be so blind to these conclusions from diverse authoritative and credible sources is
hard to fathom.

As Chair of DOE’s congressionally mandated (EPACT 2005) Hydrogen and Fuel Cell Technical
Advisory Committee (HTAC), I would urge that Under Secretary Koonin join the HTAC meeting
scheduled for June 14-15, 2011, to listen, with an open mind, to the views of the HTAC members who
represent a broad cross section of industrial, government, and non-profit organizations from across the
nation and are proud to serve the DOE. Their views are well summarized in a letter sent to Secretary
Chu last month along with the 2010 HTAC Annual Report; that letter is attached. [Please refer to the
HTAC website: www.hydrogen.energy.gov/advisory htac.html to review the 2010 Annual Report.]

In many ways the QTR Framing Document is clear and very thoughtful. Having been an active
professional in the energy field for my entire career, I would frankly have been hard pressed to do
better. But the Framing Document has one gaping hole -- it totally ignores Hydrogen and Fuel Cell
Technologies in Section H and throughout, thereby ignoring both the PCAST’s recommendation to
include hydrogen in the mix of energy options, and the findings of the reports mentioned above, as
well as many others prepared by DOE itself.

Dr. Robert W. Shaw, Jr.
President, Areté Corporation
Chair, HTAC

Attachment: HTAC’s letter to Secretary Chu, transmitting the Committee’s 2010 Annual Report






APLU RESPONSE to DOE-QTR RFI

The Association of Public and Land-grant Universities (A *P+L*U) is a non-profit
association of 221 members -- public research universities, land-grant institutions, and
state university systems located in all 50 states, U.S. territories and the District of
Columbia. A+P+L+U institutions enroll more than 3.5 million undergraduate students
and 1.1 million graduate students, employ more than 645,000 faculty members, and
conduct nearly two-thirds of all federally-funded academic research, totaling more than
$34 billion annually. A+P+L+U institutions also have extensive relations with energy
companies, high technology firms, and with other leading universities and research
institutions around the world.

Energy is a focus of A*P+L+U. Our institutions train most of this country's energy
professionals, keep them current through continuing education, and conduct research on
all of the topics mentioned in DOE's QTR Framing Document. Our institutions house
many energy institutes and many of our nation's top business, architecture, policy, arts
and sciences, and engineering schools. The missions of many of our institutions
including land-grant institutions in every state go well beyond education and research.
As state institutions, we are actively involved in local and regional development. We run
the Cooperative Extension Program which is housed in most counties in the United
States. Additionally our schools are home to Manufacturing Extension Partnership
Centers, Small Business Development Centers, and their state counterparts. We and our
institutions wish to be supportive of the Quadrennial Technology Review in any way
possible and are willing to help identify university participants for the various stages of
the QTR.

We offer brief responses to some of the questions contained in your framing document.
We agree that the six strategies you have laid out for the most part are sufficiently broad
to cover most topics of importance to our energy future, provided that they do not focus
on too narrow a group of energy sources. Ours is a diverse nation with great diversity in
fuel needs. For instance, we feel the sixth strategy “drive adoption and deployment of a
clean electricity supply" cannot be limited to renewable energy and energy conservation
because large sections of our country will be highly dependent on fossil fuels for the
foreseeable future. Without deployment of clean coal technologies and appropriate use
of natural gas for electricity, green house gas emission levels will remain high. For
instance, continued development and deployment of Integrated Gasification Combined
Cycle (IGCC) is important if we are going to be able to replace many of the older coal-
fired units now operating with new units that permit significant CO2 reductions because
of the large improvements in overall efficiency. Coal is a huge domestic energy resource
and it will be used at least for the next 40 years. If we walk away from development and
deployment of the fossil technologies that will obviously be needed in the short and mid-
term we will have no choice but to import them from China and other countries that are
willing to continue their development. We much prefer that DOE adopt policies that
encourages US industry, supported by our universities, to be the owners and marketers of
these technologies.





Our members also have some concerns about Strategy #2 “promote progressive
electrification of the vehicle fleet.” Transportation cannot be completely separated from
stationary generationand electrification of the fleet certainly spills over into the stationary
generation area. We would like to see the Department consider a broader look at
transportation, e.g. how the transportation sector can reduce carbon emissions and
contribute to energy security through domestic supplied energy and more efficiency. We
encourage the program to include alternative fuels including algae and algae-culture
development in states; university research in this area is not limited to the Southwest;
states like Ohio are also convinced that they also are places where algae can

grow abundantly. There is still a lot of potential in fuel cell technologies that generally
depend on liquid fuels rather than electricity. The vehicle fleet should not just be
automobiles but we should also look at long haul transportation both by rail and by air.

We also believe there should be a seventh strategy related to extractive technologies. We
have a group of twenty schools of mining and mineral sciences that have joined together
to encourage modernization and expansion of mining and extraction research programs.
Since DOE's withdrawal from mining and coal preparation research and since the closing
of the Bureau of Mines in 1995, the introduction of new mining technology in this
country has slowed dramatically. This happens at a time when fossil energy is still
needed for the foreseeable future and when nuclear and renewable technologies depend
on a variety of metals and minerals including rare earths. The highest quality reserves of
many of these raw materials have been used which requires more sophisticated mining,
milling, and processing techniques. Improvements are needed in safety and related
environmental areas as well. Extractive technologies related to energy should have the
same degree of thought as the other topics you have proposed. We would be pleased to
work with DOE and other appropriate agencies and partners in developing the mining
and minerals research programs necessary to meet future energy goals. We and our
members have expertise on each of the enumerated energy areas and stand ready to share
that expertise in your upcoming workshops and otherwise as appropriate.

With regard to Clean Energy Leadership, we see the need for strong efforts in 1) basic
and applied research, 2) technology transfer, and 3) understanding what it will take for
the public to embrace new energy sources. If clean energy includes energy efficiency, we
also should not overlook the huge savings possible from operating turbines at higher
temperatures.

We support strong basic research across the board. We agree with the statement in the
Executive Summary of the National Research Council 2005 report: Assessment of
Department of Defense Basic Research that rather than being parts of a linear process
from basic research, to applied research, to development and application, that basic
research, applied research, and development should be viewed as continuing activities
occurring in parallel, with numerous supporting connections throughout the process.
Having separate Under Secretaries for Science and for Energy sometimes leads to a fire
wall between the Office of Science and the programmatic offices. University experience
is that since the track of research is not linear but has lots of loops back and forth, in
which applied research suggests basic problems that, when answered, help further






applications, DOE would be greatly strengthened in its mission if reforms were made that
guaranteed greater communication and access between basic research and the applied
areas of DOE.

Rethinking DOE’s overall approach to applied research also should be a high priority.
We strongly advise for DOE to adopt the best practices of leading Federal agencies,
private sector companies, and universities in this area. Our December 2010 Report, Best
Practices in Merit Review, describes how representatives of each of these groups
approach applied research and outlines necessary changes both in applied research
programs and DOE support functions if these programs are to lead to market penetration
by new conservation and renewable energy technologies within the timeframe they are
needed. We hope these changes will enable universities to be even more important
partners in the applied areas; our institutions stand ready to help.

Technology transfer is a specialty of our schools. The land-grant universities in
particular were launched 150 years ago to create academic support for businesses
including those in the agricultural sector. Most of our institutions have strong programs
for working with industry and many of the new energy companies in these fields are
conceived and nurtured in academic environments. The Cooperative Extension Service
stands ready to extend its outreach activities further into energy. More cooperation
between the Departments of Agriculture and Energy in extension and outreach could
allow for the broad reach of Cooperative Extension to positively impact energy efforts
across the country.

Human factors are huge in energy decisions and the social sciences are underutilized in
this regard. It is frequently estimated that there is variation of as much as 25 percent in
energy use between those who consciously try to save energy and those who are less
inclined to do so. To meet carbon reduction goals, we need to learn why people are often
acting against their economic self-interest when it comes to energy conservation and to
address this problem. The academic community has strong capabilities in this area.

With regard to Program Definition and Management, we believe that it is important to
continue to have strong research programs across the spectrum in energy. This is not
possible at the levels that DOE has proposed for FY 2012. For instance, fossil fuels will
be with us for some time and either the public or private sector or some combination
thereof needs to step up to ensure that fossil energy technologies from mining through
utilization are as efficient and as environmentally benign as possible. We strongly
support the Department’s advocacy of carbon capture and sequestration research, but also
feel that it would be short-sighted to prematurely end research in areas such as solid
oxide fuel cells. Likewise, nuclear energy is an important element of a clean energy
portfolio and we applaud DOE's efforts to launch the next generation of these
technologies. This is a field where substantial training is necessary both to replace the
retiring generation and to prepare the workforce for nuclear plants that are significantly
different than those which have come before. We refer once again to our December 2010
report regarding your program management questions. It is clear that applied research at
all times needs to be conducted with the private sector which will commercialize the





technology in mind and with a government exit strategy which fairly quickly terminates
efforts which do not live up to their potential and smoothly transitions important new
technologies to companies that will create American jobs.

Regarding private sector partnerships, we point out that most US universities are in the
public sector and should be treated equally with private sector universities. We stand
ready to work with the Department in basic and applied research, in training present and
future energy workforces, and in technology transfer and outreach activities. Because of
the scale of the energy sector, technology development often involves pilot
demonstrations and scale-up. Universities should be partners with industry and
government in such efforts, as there will surely be surprises in technology requiring
further research and also the social sciences can contribute to effective acceptance and
penetration of new technologies and efficiencies. Timing is very important in
deployment; failures usually come from entering this phase too early or by not having
sufficient access to the research necessary to solve problems that arise in this stage. Once
demonstration starts, the technology needs to be well along on its transfer to the private
sector and the company receiving the technology needs to have enough at risk to give the
project top level attention.

We feel that there are major lessons to be learned from overseas. For instance, we are
just starting to think about how to get to commercially viable zero energy buildings at a
time when Switzerland has launched Minergie A, its zero energy building standard. This
is made possible by being ahead of the US both in building components and in looking at
a building from a holistic, performance based, life cycle basis. Universities can be a
major factor in knowledge exchange given the large number of US campuses overseas
and the even larger number of international collaborations that occur between academic
institutions and researchers. We also recommend looking at the Manufacturing Research
Centers of Excellence in Britain and their new Centers of Excellence in Manufacturing
Technologies and the A-STAR research institutes in Singapore as fascinating examples
of how to use national labs to further the advancement of the economy and for examples
as to how other nations set their priorities in technology development and deployment.

Regarding non-technical barriers, the Department of Energy has a role when their
solutions lead to societal rather than individual gains. At a time of fiscal limitations, it is
very important to look at structural impediments to adoption of new technologies and to
work with affected parties to overcome these barriers. Export control policies are a very
important barrier since it can delay US entry into a market and limit the size of the
market available to US companies.

In addition to the questions you have posed, we would like to endorse three of the
suggestions of the PCAST Report "Report to the President on Accelerating the Pace of
Change in Energy Technologies through an Integrated Federal Energy Policy" that did
not make it into your document. PCAST recommended that annual expenditures of $12
billion for energy R&D and $4 billion for demonstration and deployment, mostly from
regulatory sources. APLU and its member institutions were very supportive of this
suggestion when it first was proposed by the President early in his term and when the





American Energy Innovation Council issued its report concluding that 2050 carbon
reduction goals would not be reached without this level of research effort. We also do
not see how the massive changes that must occur across the board are going to occur
unless investment of this magnitude is made. Universities stand ready to carry out much
of this research if funding mechanisms can be developed. The report called for
establishing a training grant program at universities to address critical energy workforce
needs. This is very important both because of the volume of new energy technologies
which are under development and because of the generational change in the energy
industry that is already beginning as the baby boom members retire. In fact, we stand
ready to educate, train, and conduct continuing education for the workforce of energy
experts across the spectrum that are able to grasp the full range of technical, economic
and social issues that pertain.

We would support elimination of the 20 percent matching requirement for applied energy
research programs for universities and non-profit agencies. While we understand in the
case of applied research to identify industrial partners fairly early on, universities do not
have the independent financing to cost-share and their finances are already stressed in
these days of declining state support for universities Furthermore, it is not uncommon
for the companies who are willing to devote themselves to new technologies to be start-
ups who also are not in a position to contribute. We feel that it is much better to have a
flexible policy that keeps its eye on market penetration by new technologies. Cost
sharing is appropriate when it is necessary to assure top management attention for
commercialization of technologies in the case of larger companies, but it actually can
impede the commercialization and deployment of other technologies when the businesses
and universities are fully engaged but low on cash and have strong incentive to move the
technology forward.

Individual university members of our Association have provided comments separately.
We ask that each of these submissions be given full consideration.

Jim Turner

Senior Counsel and Director of Energy Programs
Association of Public and Land Grant Universities
1307 New York Avenue NW, 4th Floor
Washington, DC 20005

jameshturnerjr @ gmail.com

202-478-6049 APLU

202-684-5580 cell
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Department of Energy Quadrennial Technology Review
Framing Document

Comments from The Babcock & Wilcox Company

B&W supports the general concept of the Quadrennial Technology Review (QTR) Framing Document
process, which should bolster the sustenance of funding for multi-year programs in accordance with
plans. Dependence upon annual appropriations is fraught with uncertainties that result in project delays
and inefficiencies. Authorizing legislation needs to be enacted to assure that DOE’s Quadrennial
Technology Review becomes an ongoing process.

The responses below correspond to the questions posed by DOE in Sections 5 and 6 of the QTR.

4) What are the optimal roles for the private sector, government laboratories, citizens and academia
in accelerating technology innovation?

The Department of Energy must carefully balance long-term research and development efforts and
near-term commercialization programs to accelerate technology innovation. Each is important, and
each requires different forms of support in terms of funding and public or private sector involvement.
While the national labs and academia play a critical role in carrying out advanced research and
development efforts, first-of-a-kind deployment of new energy technologies should require significant
involvement by the private sector and end-user community. This is important to ensure available funds
are used to support technologies which are likely to be deployed by the U.S. industry and which can
compete in the marketplace. The best way to do so is through competitive public-private partnerships
or cost-sharing programs.

The desire to wait for the “next best thing” may result in a tendency to steer funding into long-term R&D
and away from public-private partnerships which lead to near-term commercialization. However,
public-private partnerships play a vital role by sharing with the private sector both costs and risks
associated with the commercial development of any new energy technology. Public-private
partnerships are particularly critical to support the development of new commercial nuclear
technologies, such as near-term light-water small, modular reactors (SMRs). The Department of
Energy’s Nuclear Energy R&D Roadmap strikes a good balance between short-term cost-sharing for
near-term technologies and longer-term R&D efforts.

The Light Water Reactor (LWR) Small Modular Reactor (SMR) Technical Support Program proposed in
the President’s FY 2012 budget request requires that technology vendors and utility consortia compete
for cost-sharing funds and provide at minimum 50% private sector funding. This program is
complemented by R&D efforts in advanced concept SMRs at our national labs. This is a strong example
of the appropriate roles for government and the private sector in accelerating technology innovation.

Selection of technologies for public-private partnerships should be based on a selection process with
emphasis on near-term deployment, domestic customer commitment to own and operate the
technology, domestic supply chain and manufacturing, and potential for U.S. job creation. Viable
partnerships require that domestic customers be committed to deployment, that market needs drive
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technology selection, that aggressive, near-term schedules be set, that industry have a real financial
stake in the success of the program, and that program costs be controlled and, if necessary, capped.

5) What are the principles and best practices in performing large-scale demonstration projects?

Most technology demonstrations promoted by DOE are in response to new, as-yet developed markets,
driven by new energy or environmental policy directions. This is in contrast to technology development
cost-share programs such as the DOE’s LWR SMR Program, which aims to support innovative
deployment of proven LWR technology in concert with committed utility customers. Clean coal
technologies to address climate change typify this situation. Thus, in addition to technology unknowns,
there is also uncertainty in the timing and robustness of market returns upon success. Technology
developers, and sometimes customers, provide private sector cost share, planning to earn a returnin a
future market. Since the demonstration projects may take place before the market manifests,
technology providers and project owners must reach equitable risk/reward solutions within the specific
project, knowing the future market is not guaranteed. The combination of new technology risk with this
financial risk profile often makes it difficult to secure commitments at a 50% cost share level, particularly
when the total project cost is in the $S10M’s to S100M’s.

Therefore, public sector funding levels for demonstration of new technologies needs to reflect both the
technology and financial risk. They are often hard to separate on a specific project, and both determine
success or failure. Prior to commitment of significant expenses, contracting parties develop and evolve
their commercial positions to fully understand financial risks (i.e., revenues, guarantees, cost of fixes,
expected capacity factor, etc.). Where markets have not been legislated and are uncertain, external
funding at levels significantly greater than 50% are likely needed to cover financial risks and move large
scale projects forward. It is recognized that higher DOE cost share beyond 50% is not realistic based on
budget constraints and past practices. To reach higher funding levels by the private sector for
technologies for which the market is uncertain, there needs to be explicit national climate policies that
reward progress and commercialization of technologies, such as those in Waxman-Markey, as
incentives. To sufficiently fund demonstrations in the absence of such drivers as W-M, other funding
mechanisms that augment DOE monies but do not depend on federal appropriations, such as the wires
charge concept, will be required.

Technology providers take risk if they can protect their intellectual property. As they have with carbon
capture demonstrations, the best approach DOE can take to ensure government investments in
demonstrations bring competitive technology to the marketplace is to fund multiple providers and
technologies. Also, even though some of the IP could be trapped in a project, successful new technology
demonstrations have historically reduced overall risk and brought new competitors to the market with
work-arounds or their own developments.

To be most cost efficient, a demonstration project size should be that size which the technology
developer deems to be adequate to address scale-up -- such that, at the end of the project (presuming
success), the technology developer will be prepared to offer the technology to the marketplace with
commercial guarantees. It should not be DOE’s responsibility to define a demonstration in terms of MW
size.
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8) Comments and suggestions to technologies and sources

Section 6.2.2.3 appropriately recognizes the need for energy storage with the new mix of clean
electricity technologies that may be needed in the future. There is a growing concern about the
destabilizing effect of intermittent renewables such as wind power and solar photovoltaic power on the
U.S. grid, especially in local regions where the concentration is relatively high. We believe DOE should
follow this development, develop roadmaps and set guidance on combining intermittent renewable
supply with back-up power or storage to address grid impact issues. Wind and solar PV technology
providers continue to improve reliability and lower costs, but currently have no incentive to develop
solutions to the intermittency problem.

A potential source for information on this issue is the 2011 MITEI Symposium on Managing Large-Scale
Penetration of Intermittent Renewables. Also, EPRI is always a good source for the power industry for
roadmaps and should be consulted or even put in the lead, as the problem is system-wide and may
require integration of technologies.
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ATTN: Dr. Steven Koonin
Undersecretary for Science
Department of Energy

Dear Dr. Koonin:

Sadly, not a single one of your scientific attendees who will be at the Quadrennial Energy Review (QRV)
appears to have the foggiest notion of the real cause of the world energy crisis.

You desperately need this information as to the real cause of the energy crisis; please let me explain it.

The rigorous technical cause of the energy crisis was and is the DELIBERATE SYMMETRIZATION of the
Heaviside vector equations in 1892 -- by Lorentz as elicited by the infamous J. P. Morgan -- and the
continued use of these modified Heaviside vector equations which are a horribly mutilated and mangled
tiny version of Maxwell's actual theory -- and indeed even of Heaviside's original vector subset of
Maxwell's theory.

Let me put it this way: For a total of 200 million dollars and three years time, the world energy crisis can
be solved forever. The necessary team of physicists and scientists to do this is already forming here in
Huntsville, Alabama and is seeking the funding to do it. I'm fervently praying that they succeed in attaining
the necessary funding and then get on with this task which has so desperately needed doing since 1892.

In 1891 Nikola Tesla -- who gave us AC electric power, the rotating magnetic field that makes modern
motors and generators possible, and radio -- had already discovered how to take all the EM energy one
wishes directly from the seething "active medium" -- i.e., in modern physics terms, from the active
vacuum. He was already briefing technical societies that this could be done at will.

For rigorous proof that Tesla had actually done it with real systems he had already built, Dr. T. W. Barrett
did a rigorous quaternion EM analysis on some of Tesla's actual patented circuits that Tesla had in 1891.
Dr. Barrett rigorously and mathematically proved that Tesla had indeed done what he said -- take and use
real excess EM energy directly from the "active medium" (in today's terminology, from the active modern
virtual state vacuum). See T. W. Barrett, "Tesla's Nonlinear Oscillator-Shuttle-Circuit (OSC) Theory,"
Annales de la Fondation Louis de Broglie, 16(1), 1991, p. 23-41. Barrett shows that EM expressed in
quaternions allows shuttling and storage of potentials in circuits as one wishes, and also allows additional
EM functioning of a circuit that a conventional EM analysis cannot reveal. He shows that Tesla’s patented
circuits did exactly this. So Tesla's special circuits could dissipate power where he wished in his circuit,
powering different parts of the circuit independently. [The paper is carried at internet link
http://www.cheniere.org/references/TeslaOSC.pdf . ]

Please note that Dr. Barrett is one of the cofounders of modern ultrawideband radar, and he is a higher
group symmetry electrodynamicist of world renown.

Quoting Nikola Tesla:

"Ere many generations pass, our machinery will be driven by a power obtainable at any point in the
universe. This idea is not novel... We find it in the delightful myth of Antheus, who derives power from the
earth; we find it among the subtle speculations of one of your splendid mathematicians... Throughout
space there is energy. Is this energy static or kinetic? If static our hopes are in vain; if kinetic — and this
we know it is, for certain — then it is a mere question of time when men will succeed in attaching their
machinery to the very wheelwork of nature.”" [Nikola Tesla, in a speech in New York to the American
Institute of Electrical Engineers, 1891. Quoted from back cover of his biography, Margaret Cheney, Tesla:
Man Out of Time, Simon and Schuster, 2001].

“Electric power is everywhere present in unlimited quantities and can drive the world's machinery without
the need of coal, oil, gas, or any other of the common fuels." [Nikola Tesla].





“We have to evolve means for obtaining energy from stores which are forever inexhaustible, to perfect
methods which do not imply consumption and waste of any material whatever. | now feel sure that the
realization of that idea is not far off. ...the possibilities of the development I refer to, namely, that of the
operation of engines on any point of the earth by the energy of the medium...” [Nikola Tesla, during an
address in 1897 commemorating his installation of AC generators at Niagara Falls, thus giving us the kind
of electric power that could be transmitted for long distances down transmission lines.].

"Whatever our resources of primary energy may be in the future, we must, to be rational, obtain it without
consumption of any material." [Nikola Tesla, 1900].

Free EM Energy from the Vacuum and lts Use to Power Loads is Already Rigorously Proven

Also, please check the rigorous recent work by Dr. Victor Klimov et al. Dr. Klimov and his colleagues in
Los Alamos National Laboratory in New Mexico have constructed a solar cell which can absorb the light
of a specific wave length in such a way, that one photon input to the solar cell can energize more than
one electron. As soon as the electron absorbs a photon, it disappears for a very short moment into the
quantum field. Being in the virtual state the electron can borrow energy from the vacuum and thereafter
appears again in our reality. Now the electron can energize up to 7 other electrons. This leads to a
theoretical coefficient of performance (COP) of up to 700%. A COP = 200% can be easily achieved and it
has been, as has been higher values. The experiment has also been replicated successfully by the
National Renewable Energy Laboratory in Golden Colorado. [See Herb Brody, "Solar Power - Seriously
Souped Up." New Scientist, May 27, 2006, p 45].

Quoting Brody: “Make solar cells as small as a molecule; and you get more than you bargained for.
Could this be the route to limitless clean power?"].

Comment by T.E.B.: Note that the super-excited electron, after emerging from the seething virtual
state vacuum immersion, actually splits into two or more energized electrons! So the output current of the
solar cell process is freely amplified by excess energy from the local virtual state vacuum. Note that at
about COP = 3.0, one could conceivably add clamped positive feedback of one of those output electrons
back to the "dive back into the seething virtual state vacuum" input, replacing the original electron input,
and the unit would be "self-powering" (powered by energy from the vacuum) while putting out the other
two electrons as output.

Or by using some of the output current in a standard photon radiation-producing process, one could
have the positive feedback input changed to a radiation photon, to replace the initial solar input entirely. In
this fashion, once "jump started" by some source of solar radiation, the resulting "solar panel" system
would become totally self-powering, taking all its input and output energy directly from the seething active
virtual state vacuum itself.

It appears that Klimov's team and its work is being used presently to develop superpowerful laser
weapons that will revolutionize warfare. E.g., a powerful, self-powered laser weapon the size of a
bazooka and carried by one infantryman can in principle be developed that can destroy large buildings,
destroy hostile tanks and vehicles easily, destroy ships and boats and trains, shoot down hostile aircraft,
and -- with a small sensor apparatus added -- detect and shoot down incoming hostile field artillery
rounds.

It appears that the long-desired superpowerful laser pistol is possibly also being developed for U.S.
Internal Security civilian guard forces, also as an application of Klimov's work. Such a pistol will be able to
disable or even kill a targeted human at a mile and a half.

Additional references: Richard D. Schaller, Vladimir M. Agranovich and Victor I. Klimov; "High-
efficiency carrier multiplication through direct photogeneration of multi-excitons via virtual single-exciton
states." Nature Physics Vol. 1, 2005, pp. 189-194.

Richard D. Schaller, Melissa A. Petruska, and Victor |. Klimov; "Effect of electronic structure on carrier
multiplication efficiency: Comparative study of PbSe and CdSe nanocrystals"; Appl. Phys. Lett. Vol. 87,
2005, 253102.






Richard D. Schaller, Milan Sykora, Jeffrey M. Pietryga, and Victor I. Klimov, "Seven Excitons at a Cost
of One: Redefining the Limits for Conversion Efficiency of Photons into Charge Carriers," Nano Lett. Vol.
6, 2006, p. 424.

Victor I. Klimov, "Spectral and Dynamical Properties of Multiexcitons in Semiconductor Nanocrystals,"
Annual Review of Physical Chemistry, Vol. 58, No. 1, 2007, p. 635.

M. C. Hanna, A. J. Nozik. "Solar conversion efficiency of photovoltaic and photoelectrolysis cells with
carrier multiplication absorbers," Journal of Applied Physics, vol. 100, No. 7, 2006, p. 07450.

Sung Jin Kim, Won Jin Kim, Yudhisthira Sahoo, Alexander N. Cartwright, Paras N. Prasad, "Multiple
exciton generation and electrical extraction from a PbSe quantum dot photoconductor,” Applied Physics
Letters, Vol. 92, No. 3, 2008, p. 031107.

Alberto Franceschetti, Yong Zhang, "Multiexciton Absorption and Multiple Exciton Generation in CdSe
Quantum Dots," Physical Review Letters, Vol. 100, No. 13, 2008, p. 136805.

G. Allan, C. Delerue, "Role of impact ionization in multiple exciton generation in PbSe nanocrystals,"
Physical Review B, Vol. 73 (20), 2006, p. 205423.

Hsiang-Yu Chen, Michael K. F. Lo, Guanwen Yang, Harold G. Monbouquette, Yang Yang,
"Nanoparticle-assisted high photoconductive gain in composites of polymer and fullerene,” Nature
Nanotechnology, Vol. 3 (9), 2008, p. 543.

M.C. Beard, R.J. Ellingson, "Multiple exciton generation in semiconductor nanocrystals: Toward
efficient solar energy conversion," Laser & Photonics Review, Vol. 2, No. 5, 2008, p. 377.

Quoting: "Now Victor Klimov and colleagues at the Alamos National Laboratory have designed
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So the entire Department of Energy is sitting on its laurels, and totally ignoring how easily the energy
crisis can be permanently solved, even after rigorous scientific proof has already been accomplished at
LANL and is widely published in leading physics and nanocrystalline journals.

Let us examine the simple modern physics basis for free EM energy from the vacuum. Indeed, all EM
energy we evoke and use in our circuits comes directly from the vacuum! Any dipole or charge, once
made and "fixed" in place, is a proven broken symmetry in modern physics. This means that -- once
made -- it FREELY and continuously absorbs virtual particles from the seething virtual state vacuum,
excites and integrates the absorbed energy past the quantum level and into the observable state, and






continually decays back to the quantum level by steady emission of REAL PHOTONS -- REAL EM
ENERGY.

Indeed, what electrical engineers mistakenly call "static voltage" from a dipole or battery is in fact a steady
output flow of observable photons whose energy is extracted from the virtual state vacuum by the broken
symmetry of the dipolarity.

So it is very, very simple and cheap to easily make a free source of FREE EM ENERGY "WIND" FLOW
anywhere in the universe -- a source that, once made and then just left alone, will sit there and freely pour
out real, usable EM energy until the end of time. Every EM charge and dipole in the universe is already
doing just that!

This emission of real EM energy flow from the source dipole of any EM circuit provides what the electrical
engineer erroneously calls "static voltage". Instead of being something "static", it is a continuous flow of
photons -- it is similar to a "static waterfall", which is continually being created and sustained by the flow
of water molecules through it. But our EE is erroneously taught that static voltage cannot be used to
power circuits -- which is a bald-faced lie. E.g., Tesla's famous electric car of the 1920s was so powered,
and its "battery" (more like a charged capacitor since it furnished no current) thus did not run down. The
car could run for weeks on a single very small battery/capacitor charge.

If you will send a physicist and a representative to see me, we can easily tell you how to go about
powering systems off the free EM energy wind from any source dipole. Renowned inventor John Bedini
has more than a dozen such systems in early successful prototype right now. All you have to do is build
a separate "windmill" system that is NOT connected to the source dipole by wiring, but simply sits
"downwind" in the free EM energy flow, diverts a bit of the flowing energy and collects it by "pinning" the
current in this windmill system momentarily and during that moment of frozen current, potentializes the
entire "external windmill circuit” FREELY with the flow of the so-called "static" voltage (electrostatic scalar
potential) over the circuit at light-speed. And, once this separate "windmill system" energy collection is
accomplished, then -- STILL SEPARATE FROM THE SOURCE DIPOLE -- the freely potentialized
"windmill" subsystem dissipates this collected free energy to power the loads. No current in the external
"windmill" system is ever pumped back through the source dipole to destroy it, because that would then
destroy the ongoing free flow of EM energy "wind" from the vacuum.

Use of such a "static voltage" powered "windmill" electric motor is precisely what Tesla's car did in the
1930s, and what all our cars could very readily be doing right now. And that is why the Tesla car did not
"discharge" its battery; no current was drawn from the battery, or passed back through the battery. It was
powered by so-called "static voltage" alone.

Anyway, best wishes on your meeting; but | fear it will be very saddening because even after more than
100 years, all our scientists and engineers mistakenly think the decrepit old mutilated electrical
engineering model is perfect! Indeed, it has a dozen proven falsities, already pointed out in the hard
literature by Nobelists etc., which nonetheless continue to be ignored and taught by all our universities
etc.

The electric power problem is actually due to the use of only SYMMETRIC systems, with the "external”
current always forcibly pumped back through the source dipole to destroy it. We already have far better
systems of higher group symmetry electrodynamics available in modern physics, which contain not only
symmetrical systems but also ASYMMETRICAL systems; it is about time we took one of these far better
electrodynamics models (the quaternion electrodynamics model is strongly recommended, since it is very
close to Maxwell's actual theory) and applied it to all our electrical engineering.

You see, eerily, that the GREATEST BARRIER to cheap, clean, continuous, permanent extraction of all
our needed EM energy from the active medium (the active vacuum) is our mutilated and decrepit old
1892 electrical engineering model which was deliberately curtailed at its very birth to contain only
SYMMETRICAL systems! The ubiquitous use of symmetrical-only systems since then has generated all





our electrical power systems etc. to be SYMMETRIC, and thus always destroying their dipolar source of
free energy from the vacuum faster than they use some of the free energy to power their loads.

And thus we have to keep pumping the shaft of the generator to forcibly restore the destroyed dipole --
NOT to power the external loads of the system!

Sincerely,

Thomas E. Bearden

LTC, U.S. Army (Retired)

BS Mathematics with minor in Electronic Engineering

MS in Nuclear Engineering

U.S. Army formal MOS 1181 (Staff Officer's Missile Engineering Course),
equivalent to an MS in Guided Missile Engineering






USDOE Quadrennial Technology Review Framing Document
Comments by David E. Bruderly PE
April 15, 2001
Mr. Steven Koonin
Undersecretary for Science
US Department of Energy
Washington DC
Subj: Comments on the USDOE Quadrennial Technology Review Framing Document
Dear Mr. Koonin:

| have noted that the USDOE QTR Framing Document has discounted the importance of
mobilizing the resources of the natural gas industry to help meet the Presidents’ energy policy
goals and objectives in the Transport Sector. | am shocked to learn that supporting RD&D and
accelerating commercial deployment hydrogen and fuel cell motor vehicle technology is not a
priority with USDOE senior managers.

As a professional engineer with 40+ years experience in the environmental, transport and energy
sectors | find this position not only unbelievable, but unacceptable.

America MUST Implement a Comprehensive Plan to Reduce Petroleum Vulnerability

| agree strongly with the policy statements made by President Obama, especially his call on
March 30, 2011 for a comprehensive national approach to energy policy and the creation of a
National Energy Plan. The federal government has a clear responsibility to empower the
American People with information and resources needed to overcome existing market-entry
barriers to widespread and immediate implementation of more sustainable Clean Energy
solutions.

Policy Goals and Objectives Should Not be Used to Pre-select Winners and Losers

The stated policy goals and objectives for the transport sector demonstrate that this
Administration has determined that battery electric and various types of hybrid electric vehicles
powered by liquid petroleum-based motor fuels have been pre-selected to meet policy goals and
objectives.

1. Reduce Energy-Related Greenhouse Gas Emissions by 17% by 2020 and 83% by 2050,
2. Supply 80% of America’s Electricity from Clean Energy Sources by 2035,
3. Support deployment of 1 million electric vehicles (EVs) on the road by 2015.

Page 1 of 13





USDOE Quadrennial Technology Review Framing Document
Comments by David E. Bruderly PE

The direct use of natural gas as a motor fuel to power vehicles today and RD&D to accelerate
commercial deployment of hydrogen fuel cell electric vehicles tomorrow has not even been
mentioned.

As documented in this QTR, USDOE program objectives are focused on “six more or less
independent strategies that are both necessary and sufficient to address the Administration’s
goals and enhance our energy, economic and environmental security.” In the Transport Sector
the QTR outlines three strategies:

1. Increase Vehicle Efficiency
2. Progressive Electrification of the Vehicle Fleet
3. Alternative Fuels

The QTR then outlines several specific technology pathways for the Transport Sector.
Unfortunately the USDOE Clean Energy Programs are focused entirely on continuing consumer
dependence on liquid petroleum-based biofuels with electric motor fuels being used to enhance
efficiency.

The use of more efficient gaseous motor fuels, i.e. methane and hydrogen, and fuel cell
technology is totally ignored.

This is a fatal flaw in the USDOE Clean Energy Program Plan. It completely ignores the
domestic natural gas industry, the supplier of the most affordable, most abundant low carbon
motor fuel currently available in the United States. The USDOE Clean Energy Plan also ignores
the fact that the use of natural gas as a primary fuel for transport offers significant and immediate
reductions in greenhouse gas emissions.

It fails to recognize that development of natural gas vehicle fuel stations will create jobs today
and save consumers money immediately. It also fails to recognize that widespread use of natural
gas vehicles today will stimulate private-sector investment that will accelerate commercial
deployment of hydrogen fuel cell technology that will accelerate electrification of the vehicle
fleet.

The widespread use of NGVs TODAY and Hydrogen Fuel Cell Electric Vehicles TOMORROW
will significantly reduce American dependence on liquid petroleum-based motor fuels AND
empower American consumers to meet ambitious environmental policy goals.

Together Gaseous, Liquid & Electric Motor Fuels Will Reduce Petroleum Dependency

The Framing Document affirms the near-total dependency of the transportation sector on liquid
petroleum-based motor fuels. It recognizes three viable alternative motor fuels currently
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available for the transport sector — 1) advanced liquid biofuels, 2) electric motor fuels, and 3)
natural gas motor fuels.

LIQUID FUELS

Unfortunately the QTR discounts the use of gaseous motor fuels; natural gas motor fuels are
assumed to be structurally disadvantaged and hydrogen motor fuels are not mentioned.

The Framing Document describes an aggressive RD&D agenda for advanced liquid biofuels,
batteries and electric motor fuels. Unfortunately the document completely ignores the third leg of
what should be a robust, stable and competitive transport fuel market — the gaseous motor fuels.
The gaseous fuel leg of this platform is missing. The QTR fails to even discuss, let alone support,
development of high efficiency, clean gaseous motor fuels and technology pathways.

When this oversight is corrected the U.S. will have a comprehensive national energy plan based
on a triad of low-carbon motor fuels. This will create a stable and robust distribution and retail
fuel infrastructure that will protect consumers and accelerate the widespread introduction and
commercial use of all practical and affordable clean energy sources and technologies in all types
of transport and stationary energy applications.

Liquid Motor Fuel and Automotive Markets Failed the American Consumer

The United States economy did not crash in 2007-2008 because of electrical blackouts or grid
failure, the high price of electricity or the huge carbon footprint created by the inefficient
production of electricity from coal and natural gas. The recession was triggered by $147/bbl
petroleum and the high price of gasoline and diesel fuels, aka liquid petroleum-based motor
fuels. The fact that 10 percent of the liquid petroleum-based motor fuel sold in Florida in 2008
was corn-derived ethanol (E10) did NOT mitigate the economic or environmental damage
caused by our total dependence on liquid petroleum-based motor fuels.
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In 2008 American consumers had no CHOICE but to purchase an expensive blend of liquid
petroleum-based motor fuels. Three years later, April 14, 2011, American consumers still have
no CHOICE but to purchase liquid petroleum-based motor fuels.

Consumers are forced to purchase vehicles that use only liquid petroleum-based motor fuels.
Biofuel mandates have been ineffective as once again the cost is approaching $4 per gallon. E85
has closely tracked the price of petroleum. As currently structured liquid motor fuel markets
track petroleum prices; they do not buffer consumers from oil price volatility. It is highly
unlikely that expensive, drop-in biofuels will offer a cost-effective alternative to the problem of
oil price volatility.

However, since 2008 the price of natural gas has been low and stable; hovering around
$4/mmbtu. This price is equivalent to about $0.50/gge (gasoline gallon equivalent) or $0.56/dge
(diesel gallon equivalent). Today the spot market price spread of natural gas motor fuels is
between $2.65/gge to $2.85/gge less than the price of gasoline or diesel fuel ranges (NYMEX).

In 2008 energy analysts knew that supplies of natural gas were robust. Automotive sector
planners knew that affordable natural gas vehicles could empower consumers to save thousands
of dollars on fuel costs every year. Yet automakers failed to respond to motor fuel markets and
produce vehicles that would give consumers the power to choose natural gas motor fuels. Save
Honda, not one automaker even attempted to mass produce affordable natural gas vehicles.

This huge spread in the price of motor fuel documents a fundamental failure in automotive and
motor fuel markets that are based solely on liquid petroleum-based motor fuels. Even when
government mandates requiring a 10% corn ethanol blend could not protect the American
consumer from this market failure.

Yet the USDOE QTR Framing Document audaciously states that non-liquid alternative motor
fuels, such as natural gas, face a “structural disadvantage” compared to liquids.

| disagree; it is the American consumer who faces a structural disadvantage from total
dependence on liquid petroleum-based motor fuel markets.

The USDOE Energy Strategy should not be focused solely on protecting or sustaining a mature,
if not obsolete, liquid motor fuel supply chain from robust competition, especially competition
that empowers consumers to help this Nation achieve national economic, security and
environmental policy goals and objectives. Natural gas motor fuels have been cleaner, safer,
more efficient and less expensive than liquid petroleum-based motor fuels for more than 30-
years. Yet mass markets have failed to exploit this fact.

The current price differential between petroleum and natural gas motor fuels offers hard

evidence that total reliance on liquid fuel pathways will not achieve national policy objectives.
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Relevant Facts about Clean, Low-Carbon Motor Fuels

It is a fact that electricity, some biofuels, methane and hydrogen are the cleanest low-carbon
motor fuels available. These low carbon motor fuels are also easily and efficiently produced
from many different types of renewable energy sources. Ignoring the important role that gaseous
motor fuels will play in creating a stable, competitive and more sustainable energy system for the
United States is like sawing one leg off of a three-legged stool.

Itis a fact (IEA 2011) that the United States has much larger reserves of low-cost natural gas
than previously recognized. It is also a fact that recoverable natural gas reserves are perhaps
much larger than the petroleum resource at current prices. In fact, the most cost-effective,
affordable, scalable, cleanest, domestically produced alternative low-carbon motor fuel available
in the United States TODAY is either compressed natural gas (CNG) or liquefied natural gas
(LNG).

It is also a fact that production of biomethane from biomass is one of the most energy efficient
pathways for the use of many renewable energy sources (Dr. Anne Wilkie, University of Florida,
2010). Yet the Framing Document does not mention biomethane.

It is also a fact that the direct use of natural gas in vehicles or in distributed, high-efficiency
combined heat and power generation facilities is the most efficient and lowest emission strategy
for the use of fossil natural gas. This means that using natural gas to replace coal in large central
electric power stations is neither as efficient nor as sustainable as direct uses by the consumer.
The energy losses created by inefficient generation and long-distance transmission of electricity
cannot be offset solely by the “smart grid.”

Sadly using fossil-derived electricity to power battery electric vehicles or petroleum-based
hybrid electric vehicles today creates more greenhouse gas emissions per mile than the direct use
in a natural gas vehicle. Tomorrow, when hydrogen fuel cell electric vehicles are ready for
market, the direct use of affordable gaseous motor fuels will empower consumers to help meet
rigorous greenhouse gas reduction goals.

Yet this Framing Document completely ignores any discussion of integrating direct use of
biomethane, neat biofuels, natural gas, hydrogen and high-efficiency fuel cell technology into the
“smart grid” energy systems necessary to achieve stated energy policy goals and objectives for
both the transportation and building sectors.

This oversight or omission of gaseous motor fuels and fuel cell technologies must be corrected
immediately. The stakes are too high to hope that technology breakthroughs in advanced biofuel
or battery technology will magically solve America’s oil problem. Unfortunately, recent market
failures described above also provide stark evidence that liquid petroleum-based motor fuel

Page 5 of 13





USDOE Quadrennial Technology Review Framing Document
Comments by David E. Bruderly PE

markets cannot be relied upon to protect American consumers from oil price volatility, let alone
disruptions in supply.

When fully implemented all three types of motor fuels — liquid, gaseous and electric -- will
create a competitive, stable, secure and sustainable energy system that will serve the needs and
budgets of ALL American consumers. Adding gaseous fuels to the USDOE National Energy
Strategy will, in fact, empower consumers to use domestic energy resources and use their
purchasing power to move this Nation to a more sustainable low-carbon energy future.

COMMENTS BY SECTION

I have provided comments that note the oversights and omissions in the Mission Statement and
the Transport Section of the QTR document, as follows:

Section 5.1 -- Comments on the Mission Statement

| also agree strongly with the proposed USDOE Mission Statement set forth Section 5.1 of the
DOE-QTR Framing Document. It captures the spirit of the Presidents’ challenge to the US
Congress and the American People.

| welcome this opportunity to help the USDOE craft policy recommendations and programs that
support the President’s goals and objectives AND that meet the needs of the American People.
This is why | urge you to correct the total omission of affordable natural gas vehicles and
hydrogen and fuel cell electric technology from the USDOE strategic plan and the QTR Framing
Document.

The USDOE QTR Should Conform to the Mission Statement

| am dismayed that the QTR Framing Document itself does not comport with the concepts set
forth in the Mission Statement. The USDOE interpretation completely ignores the role that the
natural gas, hydrogen and fuel cell industries should play in the Transport Sector. The failure to
include natural gas, hydrogen and fuel cell electric vehicle research, development and
demonstration (RD&D), let alone policy recommendations for actual commercial deployment
must be corrected. Consumers cannot afford energy policy that fails to mobilize the resources of
vital American industries that are capable of quickly solving the most vexing challenge facing
American drivers today — the high and extremely volatile cost of liquid petroleum-based motor
fuels.

I compared the USDOE Energy Strategy elements described in the Framing Document with the
Mission Statement and have noted how omissions of gaseous motor fuels and fuel cell
technologies have compromised policy intent, as follows:
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To facilitate — there is no mention of convening the natural gas, automotive or hydrogen
or fuel cell industries to empower the American People to choose the cleanest, safest,
domestically produced, abundant and most affordable motor fuel best suited for their
needs and budgets — natural gas.

Invention, refinement — there is no mention of a plan to foster the evolution from
petroleum hydrocarbons to widespread use of low-carbon natural gas to zero-carbon
hydrogen motor fuels. There is no mention of the potential revolutionary impact of
electrochemical hydrogen fuel cell technology on the transport or stationary sector or
how these technologies will be integrated into existing natural gas distribution systems
and the electric “smart” grid.

Early deployment — there is no mention of supporting early deployment of natural gas
vehicles anywhere in the Nation, not to mention in regions where strong State support for
alternative motor fuels does not exist. Nor is there mention of a plan to bridge fuel supply
infrastructure from advanced petroleum-based biofuels and natural gas to accelerate
commercial deployment of electric and hydrogen powered fuel cell electric vehicles.

Meaningful technologies — there is no mention of the fact that the domestic natural gas
industry is robust and can quickly scale to support widespread use of gaseous motor
fuels, in natural gas vehicles TODAY and in hydrogen vehicles TOMMOROW.

Enable options — there is no mention of USDOE intent to refine and adopt performance
metrics, such as life-cycle carbon emissions, to guide decision-making by stakeholders in
transport sector markets. Just the opposite, the QTR assumes that advanced biofuels and
advanced batteries are the ONLY possible solutions to America’s oil problem.

Scaling by the private sector — again there is no mention of support that would facilitate
commercialization by tapping into the resources of the natural gas industry and
mobilizing the entrepreneurial spirit that has created so many successful energy
companies.

Toward national energy goals — natural gas is an abundant resource in the United States
and its’ use in the Transport Sector will significantly enhance national security, create
economic opportunity and jobs, reduce environmental impacts, and increase U.S.
competitiveness. However, natural gas is NOT the end game; U.S. policy must create a
roadmap so that widespread use of natural gas motor fuels TODAY will create a bridge
to even more sustainable energy solutions based on use of electrochemical technology,
renewable energy sources, and zero-carbon renewable hydrogen and electric motor fuels
TOMMOROW.
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Section 6.1  Comments on Transport

This section reinforces my long-standing observation that USDOE programs have been
technology-oriented rather than system oriented. Unfortunately this QTR continues this trend.
The focus on pre-selected solutions violates President Obama’s call for a comprehensive national
energy strategy that taps all practical resources to enhance national security, reduce
environmental impacts, and increase U. S. competitiveness and jobs.

President Obama has called for a comprehensive performance-based approach to achieving his
Clean Energy goals rather than a technology-specific approach. Government is NOT supposed to
pick winners and losers. Yet this QTR has selected winners and losers; this QTR is entirely
focused on specific motor fuels and vehicle technologies; there is no mention of developing and
implementing performance-based metrics to guide commercial deployment of motor fuels and
technologies to meet policy goals and objectives.

For example, rather than use life-cycle efficiency, economic and environmental performance
metrics to guide RD&D priorities, both for vehicles and the entire energy system required to
support that vehicle, this QTR has pre-selected liquid petroleum-based and electric motor fuels
as the winners. Proposed budgets allocate resources appropriately.

The QTR assumes that the primary energy sources and motor fuel distribution infrastructure
must be based on liquid petroleum-based biofuels and electricity. Gaseous fueled vehicles are
ignored and assumed to NOT be commercially viable solutions that should be readily available
for use by the American people. This narrow focus by the USDOE has created a Clean Energy
program that completely ignores the one entire sector of the American economy, the domestic
natural gas industry.

Section 6.1.1 Comments on Increased Vehicle Efficiency

The QTR calls for reduced vehicle weight with light-weight materials and improved performance
of internal combustion engines operating on low-carbon motor fuels. Reduction of vehicle
weight by use of gaseous motor fuels in place of dense carbon intensive, liquid petroleum-based
motor fuels is not mentioned. Increased vehicle efficiency enabled by the use of low-carbon
gaseous motor fuels, i.e. methane and hydrogen, to power both internal combustion engines and
fuel cells is not mentioned.

Section 6.1.3.2 also repeats the popular myth that the larger storage space required for
compressed natural gas creates a disadvantage compared to liquid motor fuels. The fuel storage
volume is a design assumption, not a technology barrier. Why has a vehicle design assumption

been used to discourage RD&D to reduce fuel system weight? More importantly why has this
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design assumption been used to dictate national energy policy priorities; priorities that have
effectively discouraged mass production of affordable natural gas vehicles and widespread use of
cleaner, safer, and affordable gaseous motor fuels?

It is a fact that vehicle weight controls vehicle efficiency, not the volume of the fuel storage
space. A fully loaded light-weight compressed gas storage system is comparable in weight to a
fully loaded liquid fuel storage tank of similar energy storage capacity.

Section 6.1.2 Comments on Progressive Electrification of the Vehicle Fleet

The QTR calls for cost reductions and improved performance of advanced electric batteries and
motors for use in mild and strong hybrid electric vehicles (HEVS), plug-in hybrid electric
vehicles (PHEVs) and battery electric vehicles (BEVSs). Infrastructure focus in solely on
deployment of electric vehicle charging infrastructure that might integrate energy storage
capabilities of electric vehicles into the “smart grid”. The integration of distributed hydrogen
production and storage as well as the use of hydrogen to power fuel cell electric vehicles is not
mentioned. Production of electricity with fuel cells on hybrid vehicles in place of conventional
internal combustion engines powered by liquid petroleum-based motor fuels is not mentioned.

Section 6.1.3 Comments on Alternative Fuels

This entire section is biased by the audacious statement that drop-in liquid fuels have a structural
advantage over gaseous fuels. This statement is NOT fact based; it is an opinion based on
assumptions made by those who have an obvious bias for liquid motor fuels and who choose to
ignore economic and policy benefits offered by gaseous motor fuels. This statement must be
recognized for what it is; an assumption. Unfortunately it is an assumption that has created an ill-
advised and unacceptable bias against gaseous motor fuels in the USDOE Energy Strategy and
this Framing Document.

The “Structural Advantage” of Liquid Motor Fuels is based on Commercial Assumptions
Not Policy Factors of Efficiency, Greenhouse Gas Emissions or Affordability

The QTR divides alternative fuels into production oriented renewable and fossil categories,
rather than a user-friendly focus on the performance of each type of motor fuels as measured
against policy factors. The QTR advocates total focus of federal RD&D, subsidies and loan
guarantee programs on liquid petroleum-based motor fuels. Program goals are to reduce the cost
and increase supply of advanced liquid petroleum-based biofuels that have a “structural
advantage” over non-petroleum motor fuels that “suffer from low-energy density relative to
petroleum-derived incumbents.” Highly efficient production of “low-energy density” biomethane
produced from organic waste or energy crops is not mentioned. The production of zero-carbon
hydrogen from renewable energy sources also is not mentioned.
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Natural gas (fossil methane) motor fuels are specifically called out as highly efficient, but low-
energy density motor fuels. The QTR then makes the ASSUMPTION that low energy density
burdens gaseous motor fuels with a “structural disadvantage” in the market. The stated reasons
for this assumption are the larger size of onboard storage tanks and incompatibility with existing
liquid petroleum-based motor fuel infrastructure.

Relevant Assumptions and Facts about “Structural Advantage”

Unfortunately QTR Framing Document statements about structural advantages of liquid
petroleum-based motor fuel compared to gaseous motor fuels are based on assumptions that
conveniently overlook several relevant facts about motor fuels and markets.

First, the volume of the fuel storage space on a vehicle is a “design” choice. If a vehicle was
designed to accommodate a gaseous fuel tank then the volume of a gaseous fuel storage tank
would not be a “structural disadvantage.” Because of the dominance of liquid petroleum motor
fuels, virtually every vehicle sold in the U.S. is designed to carry liquid motor fuels.

Second, vehicle efficiency is a direct function of vehicle weight not the volume, size or
configuration of the fuel storage tank. If Type IV or even more lightweight compressed gas
cylinders are used, then the weight of a optimally designed gaseous fuel system is comparable
with the weight of a fully load liquid hydrocarbon fuel system. There is no significant efficiency
penalty for optimizing vehicles to use gaseous fuels.

Third, the natural gas production and distribution system in the U.S. is mature and robust. The
only infrastructure deficiency is the fact that retail natural gas motor fuel dispensers are not
located next to every gasoline dispenser at every highway intersection. Sufficient numbers of
retail natural gas motor fuel dispensers can be quickly installed by thousands of qualified
engineers and contractors who are actively seeking employment.

Fourth, over the past 25-years tens of thousands of liquid petroleum-based fuel stations have
received billions of dollars in taxpayer subsidies to monitor, detect and clean-up groundwater
pollution caused by leaks, spills, accidents and intentional releases of petroleum hydrocarbons.
In spite of this massive subsidy, the American consumer is still exposed to air toxics and criteria
air pollution created by widespread use of liquid petroleum-based motor fuels. Blended biofuels
or drop-in biofuels will NOT mitigate this expensive public health and safety problem.

Fifth, blended biofuels do NOT offer significant economic or air quality benefits to consumers.
Engines that burn blended biofuels must be constructed and operated to satisfy emission
standards; the cost to the consumer is significant, both in increased cost of the vehicle, increased
vehicle maintenance costs, and increased cost of fuel. Cleaner, low carbon gaseous motor fuels,
such as methane and hydrogen, eliminate much of the fine particulate, air toxics, reactive
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hydrocarbons and NOXx pollution associated with the combustion of liquid petroleum-based
motor fuels and biofuels.

Sixth, motor fuel markets have failed consumers. The liquid petroleum-based motor fuel industry
has proved itself incapable of effectively using market forces to protect the American consumer
from oil price volatility. In my opinion this sad record of performance actually places the
American consumer at a structural disadvantage. American motor fuel markets have failed the
American consumer; motor fuel markets are no longer competitive, let alone sources of clean

and sustainable energy for transport.

Based on these facts alone, | must strongly protest the statement that gaseous motor fuels are
burdened with a “structural disadvantage” compared to liquid fuels. There is absolutely no policy
factor basis for this conclusion. Policy factors should drive national policy, not commercial
preferences.

The Size of the Fuel Tank is a Design Choice, Not a Technology Barrier

The larger storage space required for compressed gases is only a disadvantage IF vehicle
designers are required by commercial forces, custom or policy to design vehicles that are only
capable of using liquid petroleum-based motor fuels. If the vehicle designer is required to design
vehicles capable of using liquid or gaseous motor fuels, then a good designer will optimize the
vehicle to use either liquid or natural gas motor fuels. This simple change in design philosophy
would empower the consumer to choose the type of fuel used by the vehicle as well as the color
and the type of stereo system. When made at the design stage, the incremental cost of this simple
change in design philosophy would be minimal. But the benefit to the consumer in fuel cost
savings and achievement of stated policy goals would be huge.

Gaseous Motor Fuels are More Efficient and Have Lower Life-Cycle Carbon Emissions

Section 6.1.3.2 states that natural gas motor fuels are more efficient than gasoline when used in
internal combustion engines. Natural gas vehicles also emit much less air pollution. These are
well-established facts; yet federal policy does NOT encourage mass production of natural gas
vehicles.

In fact, when the higher efficiency of gaseous fueled prime movers, either internal combustion
engines or electrochemical fuel cells, is taken into consideration, the efficiency of a gaseous
fueled vehicle can be significantly higher than a comparable vehicle powered by liquid
petroleum-based hydrocarbon motor fuels. The production of hydrogen from natural gas or
renewable energy sources and the use of that hydrogen gas in high efficiency hydrogen fuel cell
electric vehicles is a very promising pathway. Unfortunately this pathway is not mentioned in the
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QTR Framing Document. This oversight must be corrected. The U.S. must implement a
practical, comprehensive energy plan for the new millennium.

Gaseous Fuel Infrastructure is Robust and Scalable

Methane (natural gas) and hydrogen motor fuels have been completely ignored in this Framing
Document. Given the stated policy goal of displacing petroleum with high efficiency, low-
carbon, clean alternatives this oversight is unacceptable. American blood and treasure is being
spent protecting the uninterrupted flow of liquid petroleum motor fuels.

It is a FACT that natural gas motor fuels are affordable, scalable, efficient, clean, readily
available and easily deployable in large numbers. Abundant reserves of natural gas are available
in the United States and production of this resource is sufficient to assure low prices for many
years (EIA 2011). Natural gas no longer needs to be imported and distribution infrastructure is
robust.

The barrier to widespread consumer use of NGVs is NOT retail infrastructure; millions of
motorists would love to save DOLLARS PER GALLON.

Thousands of engineers and contractors, like my companies, are standing by to upgrade liquid
fuel stations to dispense compressed and liquefied natural gas motor fuels. But consumer demand
for natural gas motor fuels is weak because consumers cannot purchase affordable natural gas
capable vehicles; the vehicles readily available to consumers use LIQUID PETROLEUM-
BASED MOTOR FUELS.

There are absolutely NO technical or economic barriers to mass production of natural gas
vehicles; NONE. But fleet and retail natural gas fuel stations will NOT be constructed IF
affordable natural gas capable vehicles are NOT mass-produced by automakers. The only barrier
to rapid scale-up of retail fuel infrastructure is demand for this motor fuel.

Correct Market Failure -- Natural Gas Motor Fuel Will Solve Our Oil Problem NOW

Drivers will travel miles out of their way to save a few pennies per gallon on gasoline; yet
federal policy TODAY is retarding fleet and retail deployment of natural gas motor fuels that
could save consumers DOLLARS per gallon. The NYMEX price spread between natural gas and
gasoline / diesel fuel is more than $2.20/gge (13 April 2011).

This situation represents a fundamental market failure that is the direct result of government
policy and corporate decision making that is totally out of touch with economic realities faced by
the average American consumer.

Page 12 of 13





USDOE Quadrennial Technology Review Framing Document
Comments by David E. Bruderly PE

This price spread represents a fundamental failure in markets for liquid petroleum-based motor
fuels; yet the USDOE QTR Framing Document states that non-liquid alternative motor fuels,
such as natural gas, face “structural disadvantage.” The USDOE Energy Strategy should not be
focused solely on protecting a mature, if not obsolete, liquid motor fuel supply chain from
competition from cleaner, safer, more efficient and less expensive energy sources and gaseous
motor fuels.

Also note that distribution of natural gas is NOT controlled by suppliers of liquid petroleum
motor fuels. In other words, natural gas motor fuels are in direct competition with liquid
petroleum-based motor fuels. Immediate deployment of compressed natural gas will give
consumers the opportunity to CHOOSE their motor fuel; a choice they have been denied in years
past when high oil prices triggered economic chaos or threatened supply disruptions triggered
US military intervention to not only protect shipping lanes but the actual flow of oil from
cooperative and grateful oil-producing nations.

The Framing Document recognizes that natural gas is abundant and readily available throughout
the U. S. Natural gas is also much cheaper than gasoline and is projected to be much cheaper for
many years to come. Yet mass production of affordable natural gas vehicles that would make
widespread use of affordable, domestically produced natural gas motor fuels possible is NOT
supported by this document, let alone federal energy policy.

An oft-stated Administration policy is ending dependency on foreign oil; natural gas motor fuels
will do this while creating jobs, saving consumers money and reducing pollution. Automakers
will be empowered to quickly optimize natural gas vehicles to meet or exceed efficiency goals
while significantly reducing carbon emissions with low-carbon natural gas motor fuels that also
significantly reduce all other forms of air, water and toxic pollution.

CARPE DIEM

David E. Bruderly PE
1221 Molokai Road
Jacksonville FL 32216
352-281-2696

bruderly@bellsouth.net
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Dear Dr. Koonin,

With much interest | read the framing document for the upcoming DoE-QTR. | would like to
offer a few comments which reflect my own opinion and views — not those of the company |
work for (Philips).

On the topic of (US) Innovation

| do not see any clear mechanism which will result in DOE funded programs to have a
strong incentive to stay in the USA. The innovation of new technologies and their location of
mass production do not seem strongly linked.

Q1: Mission

| think there is a lot of focus on technological solutions and perhaps not enough focus on
people. How can energy savings, using renewables, etc become more fun to be involved in, to
want to help and make this happen other than by regulations and mandates? (Gaming, contests
etc. integrated in daily lives?)

Q2: DoE support US leadership...?

The DOD would not entertain international joint advanced weapons development. The
DOD would want to keep an edge of surprise. We frequently view energy as a weapon,
specially in the context of national security. Perhaps we need some key programs which are
kept close to our chest.

Q3: Principles for allocating resources...

There needs to be a range of technologies — short, medium and long term with good
balance. There need to be one or two big plays/bets which could have tremendous impact if
successful. Another consideration, again is, will people adopt it —is the technology easy to use,
interact with and will the results of it make a noticeable difference to the end-user early on?

Q4:

DOD ultimately might purchase what they develop via R&D so it is a first (large)
customer which helps to move new technological solutions past the early high cost hurdles.
The only way | can see to not compromise competitive advantage is by allowing sole source
contracts for a period of time (advantage never lasts more than a few years at best).

Q5: Demonstration projects

The closer demonstration projects are to market the larger the cost share should be for
participants to also have substantial skin in the game. The reward mechanism for
demonstration projects needs to be business which the performers can capture after successful
demonstrations. A successful demonstration project would be one that delivers on its promises
and leads to sustainable business and economic development.

Six strategies etc:





Should there be programs which aim at significantly improving the efficiencies from raw
energy resources to primary conversion into usable form? | agree that building efficiency
programs make a lot of sense and should be promoted significantly. | cannot comment as much
on the other topics other than that they make a lot of sense — perhaps the timing and the
alignment of electrifying the fleet and modernizing the grid is somewhat in conflict?

Needless to say — all the challenges are huge and potential ways to tackle them are
easily open to issues etc. but | comment the DOE to forcefully drive all these major challenges.

Regards,

Gert Bruning

Gert Bruning

Senior Director Federal R&D Programs

Philips Electronics North America Corporation
1050 K Street, NW

Washington, DC 20001

(202) 962-8547

(202) 962-8560 (fax)

(914) 879-4318 (cell)

g.bruning@philips.com

The information contained in this message may be confidential and legally protected under applicable law. The message is intended solely
for the addressee(s). If you are not the intended recipient, you are hereby notified that any use, forwarding, dissemination, or reproduction of
this message is strictly prohibited and may be unlawful. If you are not the intended recipient, please contact the sender by return e-mail and
destroy all copies of the original message.






Dear Sir or Madame:

As an innovative clean energy company, Calera Corporation welcomes the opportunity to
comment on DOE's QTR. Our comments are very simple: we urge the Department to use a
technology-neutral approach to clean energy technologies, particularly carbon capture
technologies.

Founded in 2007, Calera Corporation is a privately held company that is bringing to scale innovative
carbon capture and conversion technology. In short, the Calera process uses raw flue gas from
stationary sources including coal and natural gas-fired electric generating units, captures carbon
dioxide and converts it into stable, solid or liquid carbonate forms. These carbonates can, in turn, be
combined with abundant minerals such as calcium and magnesium to create marketable products, such
as cementitious materials. As such, Calera technology holds promise not only as a carbon capture and
storage technology, but as a means of providing a lower-emissions pathway to the production of
industrial products such as cement. Finally, the Calera process captures not only carbon dioxide, but
other regulated pollutants such as sulfur dioxide, acid gases, mercury and other metals.

The conventional wisdom assumes that the best means of reducing carbon dioxide emissions
from power plants and other major stationary sources is to separate CO2 from the flue gas,
transport it in a liquid form, and store it in geological formations. While DOE should support the
continued development this method of carbon capture, it should not do so at the exclusion of
other, more promising approaches, such as technologies that could convert the carbon to other
more stable forms and/or utilize the carbon for a functional purpose or to make marketable
products. If DOE's support of carbon capture technology is explicitly neutral as to the means of
capturing emissions, then all viable innovation will be given a chance, and a suite of worthy
technologies could be developed and applied in appropriate scenarios.

Another challenge to CCS deployment is demonstrating CO2 storage. This will require
comprehensive characterization and monitoring of geologic CO2 storage sites and the ability to
predict underground behavior, migration, and trapping of CO2 as well as a legal regime that
addresses allocation of long term potential liabilities associated with storage. Injection of

CO2 has long been used to enhance oil recovery.

Thank you for the opportunity to provide input to your worthy effort to assess and improve the
Department's approach to technology development. Please contact me if you have any questions
or comments.

Best regards,

Tom Carter

Vice President of Government Affairs
Calera Corporation

14600 Winchester Blvd.

Los Gatos CA 95032

Washington office: 202-210-2079






CALIFORNIA INSTITUTE OF TECHNOLOGY

April 13, 2011

RE: PROPOSED COMMENTS ON THE DEPARTMENT OF ENERGY
QUADRENNIAL TECHNOLOGY REVIEW

On behalf of the California Institute of Technology, we would like to join our university
organizations in submitting public comments on the Department of Energy’s (DOE) Quadrennial
Technology Review to assess and transform DOE’s energy technology development programs.
These programs include the Advanced Research Projects Agency-Energy (ARPA-E), and the
Offices of Electricity Delivery & Energy Reliability, Energy Efficiency & Renewable Energy,
Fossil Energy, and Nuclear Energy. They also include annual loan guarantee and direct loan
programs to eligible clean energy projects and manufacturers of advanced vehicle technologies.
We recognize that DOE is seeking to advance the President’s ambitious goals of supplying the
nation with clean energy, deploying electric vehicles, reducing greenhouse gas emissions, and
reducing the use of foreign oil by one-third by 2025. We also acknowledge the Department’s
goal to better integrate basic and applied research in the energy sector to generate increased
commercial development of advanced energy technologies in the U.S. The President’s FY 2012
budget request for DOE seeks funding for initiatives that could bridge the gap between basic
research and commercial development of advanced energy technologies and address some of our
most pressing energy challenges. These include the use of modeling and simulation techniques,
multi-disciplinary and multi-institutional collaborations, and large-scale collaborations through
the Energy Innovation Hubs. We believe that universities can play a critical role in this effort ,
especially in a time of increasing budget constraints, and request that DOE capitalize on our
expertise in basic energy research by establishing a formal initiative to work with universities to
advance the broader goals of DOE’s energy technology programs.

The Department has shown signs of better engaging the university community with its modest
innovation ecosystems initiative which sought new ideas to promote the commercialization of
new energy technologies. Universities are already actively engaged in successful collaborative
efforts of this nature with other federal agencies that could serve as models for such
collaborations with DOE.

At the Department of Commerce, University of Michigan President Mary Sue Coleman is
leading an advisory council to review how the university community and federal laboratories can
better contribute to the Administration’s goal of increasing the translation of federally funded
basic research to help establish more startup companies in the U.S. and promote economic
growth.

In a recent letter (attached) to Secretary of Commerce Gary Locke, President Coleman and her
academic colleagues outlined the contributions that the nation’s colleges and universities are
making to innovation. A similar advisory council could be named for DOE to actively work
with the academic community to define those points in the energy innovation pipeline where
universities can have the greatest impact in furthering the connections between basic research,
applied research, demonstration, and deployment.
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The contributions identified by President Coleman and the Department of Commerce advisory
council listed below are consistent with many of the goals outlined by Secretary of Energy Chu.
They include:
e Promoting student innovation and entrepreneurship;
Encouraging faculty innovation and entrepreneurship;
Actively supporting the university technology transfer function;
Facilitating university-industry collaboration;
Engaging with regional and local economic development efforts; and
Recognizing exemplary economic engagement.

The National Aeronautics and Space Administration (NASA) has also revamped its technology
development program to include an increased emphasis on partnerships with academia and
industry to reinvigorate NASA as a cutting-edge agency. Like DOE, NASA is mission driven
and is seeking a new generation of young scientists to carry on the legacy of the agency.

The NASA approach could also be considered as a model by DOE to more actively engage
universities and to make the broader connection between basic research and applied research and
eventual commercialization of new technologies. The NASA Space Technology Development
approach that could engage the talent of the nation’s universities in the energy technology
enterprise would include:

e Early Stage Innovation — In this program, academia, industry, and the federal government
focus on visions of the future to take the long-term view of technology challenges and
potential goals.

e One thrust in this program — NIAC — would capture university talent and expertise.
NIAC is the NASA Innovative Advanced Concepts Program. A DOE program modeled
on NIAC would challenge students and faculty to develop innovative concepts for new
energy technologies. It would also cultivate connections for students as potential DOE
employees in its national laboratories or at headquarters.

e Game-changing Technology — This step tests the feasibility of novel, early stage ideas
with the potential to make revolutionary leaps forward in developing new technologies.
ARPA-E performs this function for DOE, but there is a recognized gap between the great
idea and the willingness of industry to take on the commercialization of that new
technology.

e Aninterim step of carrying out a proof-of-concept or pilot demonstration is a role that
universities might easily fulfill. In fact, this approach was recognized in the
Administration’s recent announcement by DOE, the Department of Commerce, and
others, of the i6 Green Challenge to Promote Clean Energy Innovation and Economic
Growth. This initiative would establish Proof of Concept Centers to support the
entrepreneurship process for innovation in energy, including renewable energy, energy
efficiency, and green building technologies.
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e Many universities have expertise in advanced manufacturing and in logistics that can
address some of the major challenges in commercializing new energy technologies.

We hope that DOE, in searching for the most efficient means of accelerating the development of
advanced energy technologies in the U.S., will use the university community as a resource in
bridging the gap between federally funded basic research and the development and
commercialization of new energy technologies. There are strategic points in the innovation
pipeline that universities are uniquely positioned to fill with the added benefit of training the next
generation of scientists and engineers so urgently needed by federal science agencies within the
next ten years.

Sincerely,

_ ‘:'__qi’:l:'ﬂ_'-...-n:‘-!-;::.—_—

Jean-Lou Chameau

enc: DOC Collaboration Sub-Committee Letter 3-28-11
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Request for Comments: Quadrennial Technology Review for DOE

A. DOE Energy Technology Mission: Is the mission statement, “[t]o facilitate the invention,
refinement, and early deployment of meaningful technologies that enable options for scaling by
the private sector toward energy goals,” appropriate for energy technology development and
deployment programs of the Department? By facilitate, we mean that we convene and fund
various entities—the national laboratories, academia, the private sector—as well as perform the
basic research that underpins invention and refinement. By invention and refinement, we mean
that we work on both revolutionary and evolutionary technologies. By early deployment, we
mean that we support some activities beyond first commercial demonstration. By meaningful
technologies, we mean that we pursue technologies that could have a material impact when
deployed. Accordingly, scale, economics, and timeliness are important criteria. By enable
options, we mean that we do not pick winners and losers; the markets make those choices. By
scaling by the private sector, we mean that we support commercialization as an essential part of
what we do. With reference to national energy goals, we mean that we would not pursue all
technologies; only those that enhance energy and national security, reduce environmental
impacts, and increase U.S. competitiveness.

We have three comments regarding the DOE’s Energy Technology Mission. First, we believe
that the Department should have more responsibility than *“to facilitate”. The Mission should
be to “facilitate and support” or to “cause implementation”.

Second, while “enhancing energy and national security, reducing environmental impacts, and
increasing U.S. competitiveness” indeed provides initial clarity about the goals of the
Department, it may be important to follow this with a statement that recognizes the need for
academia and national laboratories to perform research that will reduce the costs of
technologies, allowing these goals to be met. While the Department cannot and should not
select technologies for the market place, it is important to create a strong foundation for viable
options and to foster these options to a point where market selection will determine their fate.
This will increase competition, create more opportunities, and strengthen US competitiveness.

Finally, in regard to early deployment, we suggested that the Department consider supporting
some activities that would facilitate early deployment, such as testing and validation required
for markets to securely make required investments.

B. U.S. Energy Framework: DOE has identified six strategies to address our National energy
goals. These strategies divide into two trios: One for transport, and one for stationary energy





(heat and power). The transport strategies are: [1] Increase vehicle efficiency, [2] promote
progressive electrification of the vehicle fleet, and [3] develop alternative fuels. The stationary
strategies are: [4] Increase building and industrial efficiency, [5] modernize the grid, and [6]
drive adoption and deployment of a clean electricity supply. Have we correctly identified and
structured these six strategies?

In regard to the stationary strategies, this framework seems to lack a focus on generation, and
strategies to make generation more efficient, like an effective capability for storage. For
example, removing the qualifiers in [4] of building and industrial and broadening it to include
the likes of wind and solar will allow generation improvements to be directly included. We
therefore suggest that you integrate a discussion of the requirement of these sources into this
section.

C. Clean Energy Leadership: How can DOE activities best support leadership in clean energy
innovation? In clean energy manufacturing? In clean energy deployment? How do we balance
international competitiveness against international cooperation?

No comments.

D. Program Definition and Management: What principles should the Department follow for
allocating resources among technologies of disparate maturity and potential time to impact? How
many technology options should the Department provide for the private sector, and how should
the value of that diversity be weighed against timeliness, scale, and cost-effectiveness? What
should the threshold be for entry of a technology into the DOE portfolio? Does every technology
deserve a program? Conversely, when should we declare “*mission accomplished’” for a
government RD&D effort, or cease efforts on a program whose costs may outweigh its benefits?
How can DOE be more effective at each stage of the innovation chain? Are technology targets
(e.g., cost or deployment targets) useful markers to orient and structure DOE activities?

The Department must be clear about “success”. Without a definition of success, you can’t
judge completion and you can’t judge the usefulness of a potential program. Can success be
defined by showing what Figure 1 (U.S. Energy Flow) should look like in 2030, 2050, and
21007 The Department should balance the risk of a project versus the value that would be
created if successful. This would be a useful metric for teams requesting funds to use also.

These metrics also need to be integrated into funded projects from a project management
perspective. Researchers are helped by knowing a clear set of metrics from the beginning of a
project, including direction for how those metrics will be followed and what happens when
they are not followed. This could create a more disciplined, national clarity for those writing
proposals to know what they should be writing against and how managed if they win. For
example, the ARPA-e metrics and process for managing awards is an excellent model to
consider and a strong step forward to bringing industry-standard project management into the
energy arena.





E. Private Sector Partnership: What are the optimal roles for the private sector, government
laboratories, and academia in accelerating technology innovation? How can DOE best coordinate
activities between and among these types of organizations (including the wide variety of
institutions within each class)? How should we gauge the effectiveness of this coordination?
How can the basic/applied coupling be optimized? Are there examples in other sectors or other
countries that can serve as models? Are ‘“‘technology user facilities’” analogous to the
Department’s scientific user facilities possible, or even desirable? If so, what would be the most
effective model for their operation? How can the Department best gather technology market
information? How can information on private sector innovation be captured without
compromising competitive advantage?

The Department should stimulate collaboration by requiring that collaborations exist in
certain circumstances. However, the requirement for this collaboration should be aligned
with the stage that the concept exists, i.e., more collaboration closer to demonstration, less
collaboration closer to the science.

F. Technology Demonstration: What are best practices in performing large scale demonstration
projects? How close to commercial viability does a demonstration have to be? What are the
optimal cost sharing arrangements? How might demonstrations be coordinated with DOE
financing activities? How can demonstration projects better benefit all stakeholders beyond the
immediate participants? How are lessons-learned best captured and promoted, and how is
intellectual property best handled? How should DOE determine the number of demonstrations
needed to address technical and operation risks? How do we think about failure in the
demonstration phase?

Demonstration funding from the Department will play a critical role in whether technology
makes it to market, and we believe that the Department is making a wise decision to build it
into its strategy. When funding these demos, we think you should abide by four principles:

» The Department’s call for demonstration projects should be viable and the budget
from the Department should be sufficient to complete it. By viable, we mean that the
project should have a high likelihood of actually being completed, and completed on
budget. There should be a clear idea of the expected ROI and a clear explanation of
why the demonstration is needed.

» Even prior to demonstration, a clear DOE plan for testing and validation for renewable
technologies should be funded. It is less costly, takes less time, and will provide early
information before major dollars are put into demonstration.

> Regarding cost sharing, we in principle recommend that it can be higher for
demonstrations because it is closer to the market place, but it should be a flexible
percentage based on the dynamics of the community, of the demonstration, and of the
economic factors revolving around the effort. For example, some project may be at the
level of 80% cost share, whereas others could reasonably only bring 20%...yet in both





cases, the project would still be done on time and within budget. Due to the
uncertainties of projects, remaining open and flexible should be a goal for the
Department

» Our fourth principle is one that believes the Department should consider the entire
community when distributing funds for a project. Ideally, in a demonstration, more
than one partner should take a role to help implement a project. Supply chains are
varied and inputs are varied into that chain; such must be accounted for when funding
demonstrations.

G. Non-Technical Barriers: A number of non-technical barriers—including Federal, state, and
local regulations, market failures, and non-technical risks—impact the rate of deployment of
energy technologies. What, if any, role should the Department have in addressing these barriers?

The response to the energy issues must have three inputs — these are policy, technology, and
commercialization. Itis easy to rely on and to develop technology, but that alone will not have
an impact. Policy includes regulatory issues, federal taxes, and amount of money invested by
private companies into R&D. Electric companies in China are reported to be investing 1% of
revenue into R&D.

However, without a national energy policy, commercialization of technology will continue to
be a challenge. The change in behavior that will be required will need all three inputs--policy,
technology, and commercialization—and this must be present in a DOE strategy. If there
were a policy the barriers would weaken.

For additional information:

Dianne Anderson, Executive Director

Great Lakes Energy Institute

Case Western Reserve University School of Engineering
10900 Euclid Avenue, Olin 305

Cleveland, Ohio 44106

216-368-0889

Dianne.anderson@case.edu
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April 15, 2011

Dr. Stephen Chu

Secretary of Energy

U.S. Department of Energy
1000 Forrestal
Washington, DC 205

Dear Mr. Secretary:

The Coal Utilization Research Council (CURC) appreciates this opportunity to
comment upon the Department’s draft Strategic Plan. We understand that the
purpose of the plan is to set forth a strategy for the development of a robust
portfolio approach to transforming our Nation’s energy economy through
investments in the research and development of new technologies and the
deployment of innovative approaches that might transform our energy
economy.

We commend the Department’s leadership in supporting the creation and
development of clean energy technologies for our future. While the DOE
Strategic Plan describes a number of goals and priority initiatives including a
focus on nuclear security, environmental management, and basic research, we
strongly encourage this Plan also be focused upon the contributions that our
most abundant domestic fossil fuel resource — coal — can and should play in
achieving and maintaining a secure, environmentally acceptable and cost
effective energy future.

Our economy is powered by affordable and reliable electricity. We have more
than twice the coal reserves of any other country and our nearly 200+ year
supply of domestic coal, at current rates of consumption, should mean that coal
will remain a primary energy resource for scores of decades, if not centuries, to
come. lItis important that any stratetic plan recognize the importance of this
domestic resource to our energy security. Further, it is coal that fuels the
generation of the country’s low cost electricity which, in turn, insures the
competitiveness of American goods in international markets. Also, we have
merely scratched the surface with respect to the role that coal could play in
providing other vital liquid and gaseous fuels for our country as well as
feedstocks for American industry.





We recognize that a primary challenge to the long term use of coal is assurance that our national
environmental goals are achieved concurrent with continued reliance upon this abundant resource.
One immediate issue is that coal generates higher emissions of carbon dioxide (CO,) than other energy
sources. The DOE’s program of research development and demonstration must be supportive of
efforts to insure that technologies are developed and available to prevent or capture and control
carbon dioxide emissions from all of our fossil fuels, including coal. Future environmental challenges
to the long-term use of coal may also be forthcoming and technology has been and will be the key to
addressing those challenges. A strategic plan that recognizes the central role of the Department in
creating technology solutions to those challenges is very important.

We thank you for the leadership of the Department of Energy in on-going efforts to support the
development and utilization of coal resources. Recognition of the importance of coal and inclusion in
the Strategic Plan of the Department’s continuing commitment to coal related RD&D is requested.

We thank you for your leadership and pledge our continuing support the fossil energy related
initiatives of the Department of Energy.

Sincerely,

g;:/%%

Ben Yamagata
Executive Director
Coal Utilization Research Council
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COMMENTS OF CODEXIS, INC.
Submitted: April 15, 2011

Codexis appreciates the opportunity to submit the following comments in response to the
Department of Energy’s (DOE) solicitation of public input on the DOE Quadrennial Technology
Review (DOE-QTR) Framing Document.

Codexis, Inc. (NASDAQ: CDXS) is a global industrial biotechnology company,
headquartered in Redwood City, California, focusing on cost-effective conversion of renewable
resources into transportation fuels and chemicals, green biocatalytic manufacturing of
pharmaceuticals, and new technologies for carbon capture. Codexis is developing technology
that can meaningfully contribute to national energy goals of greenhouse gas reduction and
petroleum displacement. Through low cost production of sugars from a variety of types of
renewable biomass, including cellulosic feedstocks, Codexis can apply its technology in a
manner that displaces the entire barrel of oil, not merely the portion used for transport fuels.

As Codexis aggressively advances biomass pathways to achieve our national energy
goals by substantially displacing petroleum usage, we strongly support an expanded leadership
role for DOE. The release of the Framing Document marks an important first step towards a
sustained commitment to bold, new leadership from DOE that will enable companies like
Codexis to scale through the facilitation of bioenergy technology invention, refinement, and
early deployment.

The comments below focus on three areas where DOE specifically requested input from
public stakeholders: (1) clean energy leadership; (2) the United States energy framework; and (3)
DOE program definition and management.

l. Clean Energy Leadership

Transformational clean energy technology breakthroughs occurring at companies,
universities, national laboratories and government agencies are at risk. The United States leads
the world in information technology and biotechnology innovation, but we are falling behind in
clean energy. South Korea outspends the U.S. government on energy innovation two to one as a
percentage of gross domestic product. China is spending just one-sixth as much as the United
States on military security but investing twice as much on climate security. With rising gas
prices, a recovering economy, and significant doubt among many Americans about our nation’s
ability to lead, DOE must reaffirm the essential role of innovation in American leadership.





The private sector is doing its part by creating new companies that last and products
actual customer will buy now. DOE should continue to do what it, as a government agency with
energy technology mission and expertise, does best: provide early funding to facilitate clean
energy technology’s most promising concepts to achieve demonstration at pilot scale. ARPA-E
has awarded more than $300 million in grants to transformational clean energy technologies.
This program must be sustained. But support for ARPA-E should not come at the expense of
DOE applied program funding. For example, the Biomass Program within the Office of Energy
Efficiency and Renewable Energy is providing crucial support for biomass conversion
technologies, supply chain logistics, and commercialization of promising engineering and
technology advances. The pipeline within DOE — basic science to applied technology to first-of-
a-kind scale-up and demonstration — should be strengthened and intentionally promoted to ensure
that the continued taxpayer investment in clear energy R&D provides real, near-term returns.

I, United States Energy Framework

DOE solicits comment as to whether it has “correctly identified and structured” the six
strategies for addressing the national energy goals. President Obama recently laid out a central
goal that should formally recognized within three-part national energy goal framework presented
in the DOE-QTR Framing Document—the goal of cutting petroleum imports by one-third by
2025. Codexis urges DOE to include this goal as a high priority national energy goal, and to
specify near-term petroleum displacement milestones, including increased use of alternative
fuels, in its strategy to achieve this goal.

DOE already recognizes the importance of reducing petroleum consumption and
evaluates the merits of various transport strategies through this lens at numerous points
throughout the DOE-QTR Framing Document. For example, DOE touts vehicle electrification
as “a significant opportunity to reduce petroleum consumption, lower GHG emissions, and
reduce air pollution.” See Framing Document at p. 24 (emphasis added). The central importance
of petroleum displacement is also emphasized in DOE’s draft Strategic Plan. See id. at p. 5
(referencing the DOE draft Strategic Plan’s assertion that “Petroleum use will be decreased by
raising fuel economy standards, gradual electrification of the vehicle fleet, and increasing
production of advanced biofuels.”). Given that DOE stresses the need to eliminate dependence
on petroleum, the QTR should formally recognize the President’s goal of cutting the amount of
petroleum imported into the United States to about 3.67 million barrels per day by 2021. DOE
should also outline strategies to achieve this goal with specific milestones and metrics.

Without a concrete target for reducing petroleum consumption, the prioritization of
deploying one million electric vehicles by 2015 lacks context and is a clear case of the
government “picking winners.” The other viable transport strategies—namely, efficiency and
alternative fuels—also have a crucial complementary role to play in achieving petroleum
reduction goals. Emphasizing this complementary approach is essential to a coherent
framework. The progressive electrification of vehicles and improvements in fuel efficiency will
only make meaningful near-term contributions to petroleum displacement (and greenhouse gas
reduction) goals if they are complemented by major increases in alternative fuel production.





Liquid fuels can do things that electricity and efficiency cannot. As DOE recognizes, “certain
segments of the transportation sectors (e.g., HDVSs, airplanes, and civilian ships) require the
energy density of liquid fuels for effective operation.” Id. at p. 26. Scaling the production of
renewable diesel and other appropriate fuels is thus critical in this context.

A clearly defined petroleum reduction goal will also clarify that the path to cutting our
dependence on oil involves more than simply supplanting gasoline or diesel—entire barrels of
oil must be displaced. In this regard, biochemicals and bioproducts must be explicitly
recognized as a priority. About one-quarter of every barrel of oil is used for purposes other than
diesel, gasoline or jet fuel (e.g., petrochemicals).! Thus, as crude oil is displaced as a source of
transport fuels, there may be shortfalls in other markets. While some biomass conversion
technologies used to produce alternative fuels can displace the entire barrel of oil by also
producing petrochemical and other alternative products, this is not universally true of all
alternative fuels. We recommend that DOE clarify its intent to avoid creating shortages or gluts
in other markets, with attendant economic consequences. But most importantly, DOE should
recognize the critical importance of biomass conversion technologies that displace more than just
transportation fuels; milestones and timetables for innovation in biochemicals and bioproducts
are critical to securing America’s energy future.

I11.  Program Definition and Management

In response to DOE’s query as to how it can better “coordinate activities between the
private sector, government laboratories and academia in accelerating technology innovation,” we
recommend the following:

e Stakeholder Engagement. DOE should provide more regular and transparent
mechanisms to solicit stakeholder input to ensure program goals are oriented towards
research and development investments that require federal participation. Issuing more
frequent Requests for Information or white papers for public comment, convening
stakeholder workshops, hosting technology showcases, and reaching out to industry
groups are all means to engage the clean energy community as partners in developing and
deploying advanced technologies. This is consistent with DOE’s policy that public
participation is an integral and effective part of DOE activities with many benefits.

e Intra-agency Alignment. DOE should align the goals of the applied technology
programs and procurement offices under DOE’s Technology Mission, so that DOE
operates as an early adopter of technology as a part of a comprehensive
commercialization focus. Aligning policy and procurement will provide DOE with an
additional lever to bring down cost-curves and push technologies to market. Procurement
policies should reflect a value proposition that includes attaining national energy goals,
rather than a narrowly constructed cost-competitiveness metric.

1 Energy Information Administration, “Oil: Crude Oil and Petroleum Products Explained” and AEO2009, Updated
February 2010, Reference Case.





e Interagency Alignment. DOE should also assert a leadership role in interagency efforts
to promote clean energy technology development and commercialization. As the primary
science and technology arm of the federal government, DOE and its National
Laboratories are best suited to proactively lead on energy policy development that
promotes the widespread adoption of new technologies. DOE should work on an
interagency basis to ensure that metrics and milestones can be met and that barriers are
overcome.

e Technology Information. DOE should expand its role as an independent proactive
source of technology information to the marketplace, combating inaccuracies that hamper
consumer adoption. While DOE can not be expected to attest to the validity of individual
products, the agency can and should do more to ensure that the public is aware of
developments in clean energy technologies broadly.

DOE’s role in building a clean energy economy is essential. Codexis is pleased to partner
with DOE on technology research and development that advances the national energy priorities
identified in the QTR Framing Document. Thank you for the opportunity to provide input into
this important Framing Document.

Respectfully submitted,

David Anton, Ph.D

Chief Technology Officer and Senior Vice
President, Process Development and Manufacturing
Codexis, Inc.

April 15, 2011
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COMMENTS OF THE
COUNCIL OF NAIMA (“CNAIMA”)

ON THE DEPARTMENT OF ENERGY’S
AVAILABILITY OF DEPARTMENT OF ENERGY —
QUADRENNIAL TECHNOLOGY REVIEW FRAMING DOCUMENT AND
REQUEST FOR PUBLIC COMMENT
DOE-QTR RFI

INTRODUCTION

The Council of NAIMA (“CNAIMA”) presents the following comments in response to the
Department of Energy’s (“DOE”) Availability of Department of Energy — Quadrennial
Technology Review Framing Document and Request for Public Comment, DOE-QTR RFIL.

CNAIMA has been formed as a voluntary Council within the North American Insulation
Manufacturers Association. CNAIMA represents all the types of insulation products and, as
such, is the unified voice of the North American insulation industry. CNAIMA promotes the use
of insulation to achieve energy savings and attendant economic and environmental benefits,
including emissions reductions. CNAIMA’s members are Bayer MaterialScience; CertainTeed
Corporation; Dow Chemicals; Fiberlite Technologies, Inc.; Huntsman International, LLC;
Icynene Inc.; Johns Manville; Knauf Insulation; Nu-Wool Co. Inc.; Pactiv Building Products;
Roxul Inc.; Thermafiber, Inc.; U.S. Borax Inc.; and U.S. GreenFiber, LLC.

CNAIMA appreciates the opportunity to provide comments on DOE’s Quadrennial Technology
Review Framing Document. DOE has identified six strategies to address national energy goals.
Among those six strategies are three identified as stationary strategies, including ‘“‘increase
building and industrial efficiency.” CNAIMA’s comments will focus on the tremendous energy
savings derived from increased efficiency. While DOE’s Framing Document emphasizes
increasing efficiency of power plants and vehicles, CNAIMA urges a broader consideration of
building energy efficiency through the use of thermal insulation. CNAIMA believes its
comments offer valuable information that can significantly bolster the concerted efforts by DOE
to address national energy goals. CNAIMA’s comments recommend specific investments in and
incentives for end-use energy efficiency that, if adopted, can increase energy savings. These
recommended steps are founded upon the significant energy savings that can be achieved
through increased building insulation (residential, commercial, and industrial).

CNAIMA, as the unified voice of the insulation industry, is particularly qualified to make these
recommendations to DOE.

BUILDINGS ARE THE LARGEST USERS OF ENERGY

Energy efficiency improvements in homes, buildings, and industry are an important component
of achieving DOE’s national energy goals. Buildings are the largest users of energy.





In testimony before the Subcommittee on Energy and Air Quality of the Committee on Energy
and Commerce of the U.S. House of Representatives, William Fay, Executive Director of the
Energy Efficient Codes Coalition, stated that “homes and commercial buildings are this nation’s
largest sector of energy use and — because of the close relationship between greenhouse gases
and energy consumption — also the largest US source of anthropogenic greenhouse gases.
Suffice it to say that buildings — and particularly residences — represent one of the last great
frontiers of wasted energy.”!

Since homes and commercial buildings consume the majority of the nation’s energy, these
structures must become an integral part of any successful effort to improve energy efficiency.
DOE, along with various other federal and state governmental bodies, put installation of
insulation at the top or in the top five suggestions for energy savings. Why? Cost-effectiveness
and immediate availability. These two attributes are discussed in greater detail below.

INSULATION IS A COST-EFFECTIVE AND READILY-AVAILABLE RESOURCE

Energy efficiency is a resource. Indeed, insulation products are resources. In fact, energy
efficiency, including insulation, has been deemed the greatest untapped resource available to
address the current energy crisis and climate change.2 Unlike other energy efficiency measures,
such as energy efficient appliances or energy saving light bulbs, insulation, once installed,
requires no additional energy to save energy.

Therefore, increasing energy efficiency through insulation is very cost effective. In The Ecology
of Commerce, Paul Hawken asserts that “ceiling insulation and double glazed windows can
produce more oil than the Arctic National Wildlife Refuge at its most optimistic projections; at
about one-twentieth the cost, with four times the employment per unit of energy conserved
versus the energy consumed by burning oil.””3

The federal government gives weight to cost effectiveness in identifying emissions reductions
because a cost effective measure does not present the usual impediments to implementation of an
action plan.* Rather, cost effective measures help meet goals and objectives expeditiously
without overburdening budgets.>

In “A Cost Curve for Greenhouse Gas Reduction,” the McKinsey Quarterly reports “that almost
a quarter of possible emission reductions would result from measures (such as better insulation in
buildings) that carry no net life cycle cost — in effect they come free of charge.”® As the graphic
from the above-referenced article demonstrates, no other efficiency measure is as cost effective
as building insulation.

I Energy Efficient Codes Coalition, Testimony of William D. Fay Before the Subcommittee on Energy and Air
Quality of the Committee on Energy and Commerce, U.S. House of Representatives, Thursday, July 17, 2008.

2 “Transforming Energy Efficiency.” www.duke-energy.com/docs/CGI - Fact-Sheet.doc, September 27, 2007.

3 Paul Hawken, The Ecology of Commerce (New York: Harper Business, 1993), p. 178.

470 Fed. Reg. 65,983, 66,007, 66,019, 66,020-24, 66,049, 66,056, and 66,059 (November 1, 2005).

3 Ibid. at 66,006.

6 Enkvist, Per-Anders, Tomas Nauclér and Jerker Rosander. 2007. “A Cost Curve for Greenhouse Gas Reduction.”
The McKinsey Quarterly 1: 38.






What might it cost?
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From a pragmatic perspective, insulation is easily installed and the materials are immediately
available. As evidenced by the McKinsey report cited above, insulation delivers significant
reduction in pollutants, specifically NOx, SO,, and greenhouse gases.

Both the EPA and DOE websites state that up to 30 percent savings on heating and cooling
energy can be saved through increased insulation. (http://www.energy.gov/
insulationairsealing.htm; www.epa.gov/regionl/eco/energy/heatingefficiency.html). Air sealing,
an important companion to insulation, is also critical for achieving the maximum energy savings
and shortest payback period.

LARGE-SCALE, UTILITY-FUNDED RESIDENTIAL RETROFIT PROJECTS AND NEW
CONSTRUCTION BEYOND CODE SHOULD BE ENCOURAGED AS A COST-
EFFECTIVE MEANS OF ACHIEVING EMISSIONS REDUCTIONS

Especially in the present weak economy, many homeowners do not have the ready capital to
substantially upgrade their energy efficiency to achieve the DOE estimated 20 to 30 percent





reduction in heating and cooling demand that results with air sealing and additional insulation.
While some homeowners could borrow the money for an energy-efficiency upgrade, they
frequently do not have access to sufficient amounts of low-cost capital to achieve a reasonable
pay-back period. Current energy efficiency tax credits under Section 25C of the Internal
Revenue Code are set to expire on December 31, 2010, and, in any event, homeowners must wait
until well into the year following the insulation purchase to enjoy the cost savings from the tax
credit. Property-assessed clean energy (“PACE”) funding is essentially no longer available after
objections were lodged by federal mortgage regulators.’

Instead, utilities should be encouraged to directly fund and implement large-scale residential
retrofit projects. Ultilities should also be encouraged to directly fund energy efficiency beyond
current code during new construction when air sealing and installing additional insulation is
especially cost effective.® Such projects could be undertaken promptly by using off-the-shelf
insulation and air sealing technology. Such residential retrofits are likely the cheapest and
quickest way to achieve significant emissions reductions of all pollutants, including greenhouse
gas emissions.

Because such large-scale residential retrofit projects would assist utilities in providing low-cost
and reliable service to their customers, state Public Utility Commissions are likely to approve
utility retrofit expenditures as an appropriate — if not preferred — means of reducing greenhouse
gas emissions. This should especially be the case considering the side benefits of residential
retrofit projects, which include at least the following:

e Reduction in home heating and cooling costs to consumers, which could also help
consumers deal with higher rates that could come from switching to higher cost fuels;

¢ Increased in-home-occupant health and comfort;

e (reation of new jobs to complete the many retrofit projects (retrofit is much more labor-

intensive than either new generation equipment or pollution abatement equipment, both

of which tend to be capital-intensive);

Increase in affordability of home ownership;

Increase in home values;

Reduction in dependence on foreign sources of fuel;

Increase in reliability of electricity grid; and

Enhancement of energy security and, hence, national security.

7 Federal Housing Finance Administration, “FHFA Statement on Certain Energy Retrofit Loan Programs,” July 6,
2010, available at http://www.thfa.gov/webfiles/15884/PACESTMT7610.pdf.

8 In fact, the National Renewable Energy Laboratory demonstrated that, in assisting in the post-tornado rebuilding of
Greensburg, Kansas, new homes can be made up to 50 percent more energy efficient than current code without
increasing the monthly combined mortgage payment and heating/cooling cost of the homeowner. See, Figure 7
and accompanying text in Rebuilding Greensburg, Kansas, as a Model Green Community: A Case Study NREL’s
Technical Assistance to Greensburg June 2007 — May 2009, National Renewable Energy Laboratory (November
2009, available at http://www.nrel.gov/docs/fy10osti/45135-1.pdf.






INCENTIVES FOR MORE INSULATION

In addition to direct utility funding of large-scale residential retrofit projects, DOE should also
encourage affected utilities to pursue more effective incentives to encourage higher levels of
residential energy efficiency.

CNAIMA offers below measures that will encourage individual and corporate decisions to
improve energy efficiency and provide incentives to improve insulation in all types of buildings.
Typically building owners will not have the resources to quickly implement the energy
efficiency improvements needed to accomplish pollution reduction goals. This unfortunate fact
is even more relevant in today’s economy, which includes declining real estate values in both the
residential and commercial markets. Therefore, strong incentives and attractive assistance
programs are badly needed. CNAIMA offers the following as specific suggestions for incentive
programs:

¢ In several Canadian Provinces, the provincial governments have declared a sales tax
holiday on all purchases of insulation products. A well publicized campaign about tax
free insulation products certainly offers consumers and building owners added incentive
to upgrade insulation.

® A tax credit for the installation of insulation products in homes or other buildings, new or
existing, has also proven to be an effective motivating factor in getting insulation
upgrades in newly constructed homes and buildings and existing residences and
businesses. These tax credits should be extended on the federal level and newly created
in states without such an incentive.

e [ocal governments could offer incentive programs that encourage increased insulation in
residential, commercial, or industrial buildings and processes, such as offering free home
energy audits.

e States and local governments should be urged to adopt the most current residential and
commercial energy codes promulgated by the International Code Council (“ICC”) and
the American Society of Heating, Refrigerating, and Air-Conditioning Engineers
(“ASHRAE”).

e States could offer incentives for local governments to adopt a more stringent building
energy code or sponsor code training programs to insure adequate enforcement of
existing codes.

e States could also help publicize or give recognition to utilities that offer customers a loan
program to increase insulation or purchase some other energy savings device.

e As an alternative to utility loan programs or in conjunction with these local power
providers’ programs, states could also create a loan program through an appropriate
government entity. Such loan programs generally attract consumers if they are interest
free or if a low interest rate is offered.

® Another variation on loan programs might have the utility funding the immediate
insulation upgrade or improvement with the building/home owner repaying the costs of
the improvements through their monthly utility bills over an agreed upon time period.

e States could sponsor training programs on weatherization. In addition, states could
construct a generic weatherization plan for residences throughout its jurisdiction and
promote it through websites and other media.





That such incentives are warranted for insulation products is illustrated by CNAIMA’s
comments. As CNAIMA’s comments demonstrate, energy conservation in buildings offers the
most significant opportunity for savings and pollution reduction. Moreover, insulation is cost
effective, and, perhaps even more appealing, insulation is a practical and immediately available
resource. In other words, insulation and similar energy efficiency measures provide expeditious
results. In fact, such improvements as insulation upgrades should be encouraged for immediate
implementation, but if that is not feasible, perhaps a requirement that all existing homes re-sold
must substantiate that the home being sold meets or exceeds existing energy code requirements.

CONCLUSION

Using large-scale residential energy efficiency retrofit projects and new construction beyond
code are likely the most cost-effective and quickest way to achieve significant emissions
reductions. Such retrofit projects will also have many important side benefits that make energy
efficiency clearly in the public interest. Accordingly, DOE should not only allow utilities to use
energy efficiency to increase energy savings, but DOE should, indeed, actively encourage them
to do so.






Dear Sir/Madam,

| realize that the time has passed for public comment on the QTR Framing document, but | just had the
opportunity to see Dr. Koonin speak in Tempe on May 23" and it was here that | learned of this
important initiative.

My expertise is in vehicle powertrains, and | was interested to hear what the DOE’s plans are for the
vehicular sector. | applaud the push for efficiency and electrification wholeheartedly. However, |
believe that the complete exclusion of hydrogen and fuel cells is short-sighted (and | intimated as much
to Dr. Koonin in the question period). There is no question that battery technology has improved
dramatically since the last generation of BEVs that included the EV1 and RAV-4 EV, and significant
progress is sure to continue. But unless there is a revolutionary advance in the technology, the humble
ICE-based vehicle will always be more capable and cheaper than a battery-based vehicle. The energy
density of gasoline simply provides too much of an advantage, despite the increased efficiency enjoyed
by electric motors. If the goal is to provide a vehicle with no emissions at the tailpipe (assuming that a
corresponding reduction in power plant-originating emissions ensues), while still maintaining all of the
functionality of today’s vehicles, it is indeed difficult to see a path forward that does not involve
hydrogen.

Nobody serious would argue that batteries are not more efficient than fuel cells, that there is not an
energy cost to the conversion from whatever particular source to electricity to hydrogen and back to
electricity (or methane to H2), or that significant challenges do not remain with fuel cells, including cost
and performance, as well as production, distribution and on-board storage of H2. However, the specific
energy (and energy density as well) of H2 in comparison to that of batteries is too great to ignore. | have
observed the schism in the automotive sector between fuel cell advocates and battery advocates with
bemusement. To me, it is inherently obvious that the two technologies are complementary, not
competing technologies. Fuel cells need batteries to provide a means for regenerative braking and as a
buffer against high power transients; batteries, in turn, require fuel cells to extend the range in an
economical manner. In fact, the ideal powertrain in my mind would have an ultracapacitor-battery
combination to provide most of the daily driving needs and the fuel cell system for range extension.

| would agree that the bulk of R&D&D funding should go towards batteries. However, to ignore fuel
cells and hydrogen completely is a mistake that should not continue. | am aware of the opinions of the
upper echelons at the DOE, but | believe that a survey of the OEMs in the automotive sector quickly
shows that many knowledgeable people do not agree that fuel cells are not worthy of attention and
research. Dr. Koonin responded to my question that fuel cell vehicles cannot be purchased today and
implied that this is a reason not to fund their development. | was surprised at this response from a
scientist who knows the long-term commitment required for research and for technology development.
Furthermore, there are many demonstration fuel cell vehicles in the field, and even examples of vehicles
that can actually be leased and purchased, such as the Honda FCX Clarity and the New Flyer fuel cell
buses. Even if fuel cells are not introduced into personal, light-duty vehicles in significant numbers in
the short- to medium-term, niche applications such as materials handling, public transportation, and
long-haul trucking could well provide large market opportunities for fuel cells.

It is my understanding that the purpose of the QTR is not just to fund technologies with immediate
deployment applications; if this was the case, very little nuclear energy research funding could be
justified. Fuel cells present a technology that may not quite be ready in the immediate future, but is one





with considerable promise to help provide a cleaner transportation system. | firmly believe that the DOE
should reconsider its decision to abandon funding for fuel cells in vehicular applications.

Cheers,
Jeff

Jeffrey Wishart, Ph.D.
Senior Project Engineer
ECOtality North America
(T) 602-345-9023

(F) 602-443-9007

@ ®tality

MORTH AMERICA






Response to DOE 2011 Framing Document

1) What do you think of the following mission statement for DOE energy research?
General agreement. It would be good to somehow impart a certain urgency of transition
from existing to future technologies.

2) How can DOE activities best support U.S. leadership in clean energy innovation? In clean
energy manufacturing? In clean energy deployment? How do we balance international
competitiveness against international cooperation?

DOE should clearly and precisely define what they mean by clean energy technologies; there is
not universal agreement about that definition, and therefore, not a clear goal for those trying
to help.

U.S. leadership in clean energy science, technology, and product development can be
supported by government initiated and sponsored programs to create a market by stimulating
the private sector, by sponsoring universities to educate a workforce on clean energy, and by
providing business incentives to invest and innovate in the area.

The balance between international competitiveness and cooperation is not an easy problem. A
possible example is the International Space Station, but not sure if this is good example.

3) What principles should the Department follow for allocating resources among technologies of
disparate maturity and potential time to impact?

a) What should be the criteria for including a technology in the DOE portfolio? What should be the
criteria for removing a technology from the DOE portfolio? How should programs be structured and
managed to accommodate entry and exit of technologies within the DOE portfolio?:

Technologies should align with DOE’s mission. However, thresholds such as “enter[ing] commercial
application at a minimum of 1 Quad annually by 2030” (pg. 17) does not apply to fundamental research
(e.g. BES programs). Research should be driven by ideas, not by a bottom line targets. Allocation for
fundamental research should be determined by its potential impact and alignment with DOE’s mission.
Rate of progress to implementation is another useful criterion (which also involves the level of support
around the world), but the US is a special case; we need to use our special resources (materials, skills,
academic and intellectual power) to lead a limited number of technologies, by choice.

b) How do we balance the diversity of technology options the Department could provide for the
private sector against timeliness, scale, and cost-effectiveness?

DOE needs to be an anchor and backstop, and stimulus. Industries (which will invest more than our
government in some technologies) will do nothing if the DoE does not show interest in a given area.

c) How can DOE be more effective at each stage of the innovation chain?
d) What are useful metrics to guide DOE technology activities?

Degine national needs; develop foundation for competitive pursuit of technology in those
areas. Sustain a well defined focus over as many years as possible so that others can plan, fund, and
execute directed efforts to produce technology.

4) What are the optimal roles for the private sector, government laboratories, citizens and academia
in accelerating technology innovation?

a) How can DOE best coordinate activities between and among these types of organizations
(including the wide variety of institutions within each class)? How should we gauge the effectiveness





of this coordination? How can the basic-applied coupling be optimized? Are there examples in other
sectors or other countries that can serve as models?

University-lead centers have been demonstrated to be successful in coordinating activities
between the private sector, academia, government laboratories, and citizens. For example, NSF
Engineering Research Centers have for many years served as an integration platform for
academia and industry. Another example is SEMATECH, an industrial consortia that has
accelerated the commercialization of semiconductor technology innovations into
manufacturing solutions. DOD University Affiliated Research Centers were established to
ensure that essential engineering and technology capabilities of particular importance to the
DoD are maintained, but centers such as ARL-Penn State work closely with private sector,
government laboratories, and academia. These examples suggest useful directions.

b) What are the design principles for an effective ‘technology user facility’?s

User facilities should provide a unique capability and have a broad user base. A user facility for
a particular technology may have too narrow of a focus, and its user base may be limited.
Perhaps a user facility on clean energy technologies, with several technologies in its portfolio
would serve the community well.

c) How can the Department best gather technology market information? How can information on
private sector innovation be captured without compromising competitive advantage?

Allow a third-party with no vested interest, such as a university or government entity, to
mediate the exchange of information.

5) What are principles and best practices in performing large-scale demonstration projects?

a) How close to commercial viability does a demonstration have to be? What are the optimal cost
sharing arrangements? How might demonstrations be coordinated with DOE financing activities?

b) How can demonstration projects better benefit all stakeholders beyond the immediate
participants? How are lessons-learned best captured and promoted, and how is intellectual property
best handled?

c) How should DOE determine whether demonstrations adequately address technical and operation
risks?

d) What defines failure or success in the demonstration phase?

6) A number of non-technical barriers—including federal, state, and local regulations, market
failures, and non-technical risks—impact the rate of deployment of energy technologies. What, if any,
role should the Department have in addressing these barriers?

The role DOE has in addressing these barriers is critical and essential since these barriers
encompass more than just technology. DOE should also be able to influence policy across
federal, state and local entities (as described in pg. 14).

7) Have we correctly identified and structured these six strategies?

In Transport, just progressively electrifying the fleet does not necessary result in vehicle
efficiency. We should look at the entire fuel supply chain, and determine the most efficient and
economic approach to deliver fuel (not necessary electricity only) that will provide the highest





vehicle efficiency. We should consider other means to deliver fuel, such as e.g. chemical
storage, along with how the fuel is being used, in order to properly determine vehicle
efficiency.

8) We welcome comment on the selection of these technologies and sources, as well as suggestions of
alternate technologies and sources, and updated technology, cost, and forecast data, particularly in
rapidly-moving fields.

In 6.1.2.1, we should also consider other forms of energy storage that are beyond batteries.
When there is a need for high energy density, (e.g. HLV, long distance vehicles), batteries
inherently do not scale well. Chemical storage using reversible electrochemical cells (fuel cells)
naturally scale well with energy density since all volume/weight increase is due to the fuel,
versus fuel plus energy conversion component in batteries.

Chemical storage using reversible electrochemical cells (fuel cells) can also provide efficient
energy storage in buildings. And high temperature reversible electrochemical cells can also
provide high quality heat for building HVAC and water heating (section 6.2.1.1.3).

Ken Reifsnider, NAE

Educational Foundation University Professor of Mechanical Engineering
Director, SOFC Fuel Cell Program www.cec.sc.edu/SOFC

Department of Mechanical Engineering

University of South Carolina, Columbia, SC 29208

(803)777 0084 Reifsnider@cec.sc.edu







EDTA

Electric Drive Transportation Association Promoting Glean, Sustainable Transportation Technologies

April 15, 2011

VIA EMAIL (DOE—QTRmailbox @hg.doe.gov)

Dr. Steven E. Koonin

Under Secretary for Science
U.S. Department of Energy
1000 Independence Ave., SW.
Washington, DC 20585

Re:  Quadrennial Technology Review

The Electric Drive Transportation Association (EDTA) welcomes the opportunity to submit these comments for
consideration by the U.S. Department of Energy in its Quadrennial Technology Review (QTR). We are
submitting these comments in response to the Request for Information published in the Federal Register on
March 14, 2011 (76 Fed. Reg. 13607).

EDTA is the cross-industry trade association promoting the advancement of electric drive technology and
electrified transportation. Our members include vehicle manufacturers, battery and component manufacturers,
utilities and energy companies, and smart grid and charging infrastructure developers. We are committed to
realizing the economic, national security, and environmental benefits of displacing oil with battery electric,
hybrid, plug-in hybrid and fuel cell vehicles.

As the collective voice of the electric drive industry, we have adopted an Action Plan (attached) that identifies
the key next steps for policymakers to achieve our shared goal of a commercial-scale electric drive fleet:

Reduce Market Hurdles for Electric Drive Technologies

Expand U.S. Manufacturing Capacity

Establish Coherent Regulatory Policies for Electric Drive Vehicles and Infrastructure
Accelerate Technology Breakthroughs

Promote Public and Private Outreach and Education to Increase Consumer Awareness

As DOE begins its Quadrennial Technology Review, we support DOE’s Energy Technology Mission and its
work in partnership with industry and academia to develop and deploy the electric drive technologies that are
critical to reaching national energy policy goals of reducing oil imports and greenhouse gas emissions and
deployment of 1 million plug-in vehicles on the road by 2015. DOE’s transportation strategies for achieving
these goals include progressive electrification of the vehicle fleet, which is an essential technology and
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deployment path for achieving our national energy policy goals. We encourage DOE to continue its portfolio of

electric drive research, development, demonstration, and deployment programs. Specifically, we highlight our

support for DOE’s efforts in the following programs:

e We support the Department’s efforts through ARPA-E and the Vehicle Technologies program to advance

electric drive systems, energy storage technologies and to develop next generation battery and other
component technologies that will enhance performance and bring down costs.

e  We support the Vehicle and Systems Simulation & Testing programs, including the Advanced Vehicle

Testing Activity, which are advancing next generation charging, systems integration and codes and
standard for vehicle to grid communication.

e We support expanded efforts, through the Vehicle Technologies program, for activities that advance

electrification of medium and heavy duty vehicles, including work with industry partners to reduce
component costs and further enhance performance.

e  We support fuel cell vehicle research, development and demonstration and recommend an expanded

emphasis on programs that reinforce the vehicle commercialization effort. Specifically, we support
continuation of the fuel cell electric vehicle and infrastructure deployment activities in Technology

Validation and in early market development, including education and other enabling activities, which will
enable the industry to build on technology and market achievements to meet their 2015 commercialization

target.

e We support the Department’s technology deployment efforts, particularly the Clean Cities program, which
advances the nation's energy security by reinforcing communities’ own efforts to expand deployment of

electric drive vehicles (battery electric, hybrid and fuel cell electric vehicles), other alternative fuel
vehicles, and recharging/fueling infrastructure.

We thank you for your ongoing commitment and support and we stand ready to work with you to achieve our

shared vision for electric drive transportation.

Sincerely,

Brian P. Wynne, President
Electric Drive Transportation Association

Enclosure
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April 19, 2011

Asa Hopkins

Department of Energy,

Office of the Under Secretary for Science (S4),
1000 Independence Ave.,

SW., Washington, DC 20585.

Dear Asa,

The Emerge Alliance is pleased to submit this response to the DOE’s request for comments on the
Department of Energy Quadrennial Technology Review Framing Document.

Members of the EMerge Alliance® strongly recommend the DOE consider specific
categorical inclusion of the cross-cutting concept of DC Microgrids in the
Strategy/Technology portion of your framing Document.

The reasoning for this recommendation is presented hereforth:

The vast majority of electricity is currently supplied to devices in the form of alternating current
(AC). But today’s electronic devices (such as computers, florescent lights, variable speed drives,
and many other household and business appliances and equipment) need direct current (DC)
power, which must be converted from the AC power supplied. Moreover, distributed
renewable generation (such as rooftop solar) produces DC power, which in turn must be
converted to AC power to be used in a building’s electric system. These AC-DC conversions (or
DC-AC-DC in the case of rooftop solar) result in substantial electrical energy losses and waste
heat.

But according to the Zero Energy Commercial Buildings Consortium final reportz, “DC micro-
grids would fundamentally change the way power is supplied in commercial buildings,

eliminate ac-dc conversions at the equipment level, simplify equipment designs and layouts,
provide improved interfaces with renewable energy sources and storage, and save energy.”

DC Microgrids can provide for the following:

1. Energy Savings — while the amount of savings in electrical energy is somewhat difficult
to completely capture, a Yale published research estimate’ puts the annual potential
reduction at over 8% of the total national electric load or approximately 400 million
kWh per year. This does not take into account additional energy savings as a result of
less cooling being required in buildings where fewer electronic conversion devices are
used.

2400 Camino Ramon, Suite 375, San Ramon, CA 94583 | phone +1.925.275.6617 | fax +1.925.884.8668
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2.

Renewable Energy Integration — DC microgrids facilitate simple and more energy
efficient coupling (eliminate need for multiple inverters/converters) of distributed
alternate and renewable energy generators (solar, wind, fuel cell, etc.) that natively
produce dc power. Industry sponsored research” at the Electrical Power Research
Institute (EPRI) has concluded that multiple distributed source generation coupled onto
a common dc bus can simplify and make more efficient the use of site based alternate
energy.

Energy Storage — Local energy storage will be essential to the widespread use of non-
dispatchable distributed energy generators. The distributed bus architecture of dc
microgrids allows simple and more energy efficient coupling of natively dc (batteries,
Ultra capacitors, etc.) electricity storage.

Control & Monitoring — Most modern controls, sensors and monitoring systems natively
run on dc current and are digitally and/or microprocessor based.” The use of dc
microgrids therefore greatly simplify the electronics involved with electrical and energy
system control and monitoring by eliminating the need to convert AC power to operate.

System Reliability — The intrinsic redundant, disaggregated topology of dc microgrid
networks assure a higher level of basic service reliability. By being ‘islandable’ both
public grid and the individual microgrids can be isolated from one another during other
dynamic and damaging linear failure events and disturbances. The reduction in
subsystem and device level power conversion/inversions generally improves ‘mean-
time-to-failure’ levels in the equipment.

BEV/PHEYV Integration — As electric vehicles begin to populate our national automotive
fleet, plug-in charging and their potential use in providing supplemental storage or
electricity back-up capability, electric power grids will increasingly need to
accommodate this shift in energy distribution and use. Since these vehicles run on pure
and modulated dc electric systems, dc microgrids will more easily provide for their
charging (including fast dc charging) and storage connectivity needs, again with fewer
wasteful power conversion/inversion steps.

Domestic Eco-System Growth — The US has been an historical leader in the
development of a number of critical sub-set technologies and industries that underwrite
the needs of DC Microgrid systems deployment. The commercial deployment of DC
microgrids will present significant revenue and employment opportunities for domestic
manufacturers and service related providers.

We believe the DC microgrid concept can provide a new dimension of utility and efficiency to
improve our country’s electrical energy system. We further believe it is a critically needed
addition to the work and goals of the current Smart Grid overhaul. DC microgrids hold the
potential to change the paradigm of a centralized power generation and distribution system to
one more akin to the distributed network configuration of the Internet. As such, we could

expect

it to be more flexible, accommodate greater innovation and generally be more

accommodating of the power sources and loads that have come to be and will continue to
develop.
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But widespread deployment of DC microgrids will not happen automatically — the impediments
to deployment need to be dealt with at a variety of levels and from a number of perspectives.
This is why we also believe the DOE should play a vital role in assessing and addressing the
needs of this emerging technology, including catalyzing the development of a robust supporting
commercial eco-system and coordinating the revision of existing and adoption of new code and
regulatory treatments.

In conclusion, we herewith beg your thoughtful consideration of this recommendation.
About the EMerge Alliance

The EMerge Alliance is an open industry association leading the rapid adoption of safe DC
power distribution via dc microgrids through the development of EMerge Alliance standards.
These innovative standards integrate infrastructures, power, controls and devices in a common
microgrid platform to facilitate the hybrid use of AC and DC power throughout buildings for
unprecedented design and space flexibility, greater energy efficiency and improved
sustainability. The not-for-profit Alliance is accepting new members at various levels. For more
information, please visit www.EMergeAlliance.org.

References:

http://www.emergealliance.org/About/OurMembers.aspx

http://zeroenergycbc.org/pdf/CBC%20Technologies%20Report%202011.pdf

http://environment.research.yale.edu/documents/downloads/0-9/05-DC-Microgrids.pdf

http://www.emergealliance.org/imwp/download.asp?ContentID=19276

v A W N

http://www.emergealliance.org/imwp/download.asp?ContentID=19272

Respectfully submitted, on behalf of the full membership,

Qe

Brian T. Patterson
Chairman

C.@Merge®

ALLIANCE

2400 Camino Ramon, Suite 375
San Ramon, Ca 94583
717-433-5443 (mobil)
717-396-6038 (fax)
mailto:btpatterson@armstrong.com
http://www.emergealliance.org

2400 Camino Ramon, Suite 375, San Ramon, CA 94583 | phone +1.925.275.6617 | fax +1.925.884.8668

www.EMergeAlliance.org






COMMENTSFROM THE ENERGY COMMUNITIESALLIANCE ON THE
DEPARTMENT OF ENERGY QUADRENNIAL TECHNOLOGY REVIEW FRAMING
DOCUMENT

Comments submitted by:

Allison Doman

Deputy Director

Energy Communities Alliance

1101 Connecticut Ave, NW Suite 1000
Washington, DC 20036

Phone: 202-828-2423
Allison@energyca.org

General comments;

ECA isthe organization of elected local government and community leaders from communities,
including Community Reuse Organizations (CROs), adjacent to DOE facilities. Our sites are
prepared to partner with DOE to achieve the Nation’s important and ambitious energy
technology goals.

Many of our communities and local governments have already identified site-specific projects
that support the President's Clean Energy Initiative. We have been working with the
Department’s Asset Revitdlization Initiative (ARI) Task Force to identify and develop energy
projects at our sites (also known as Energy Parks). We feel that these projects can help the
Nation increase its energy security and develop, demonstrate and deploy emerging energy
technologies. Our communities are uniquely positioned near DOE and nationa |aboratory
facilities, have access to extensive assets, and should be considered as prime locations for
energy-related RD&D efforts.

Responsesto numbered questionsin the QTR Framing Document:
1. What do you think of the following mission statement for DOE energy research?
The mission statement should be expanded to include:

L everage Department of Energy assets to facilitate the invention, refinement, and early
deployment of meaningful technologies that enable options for scaling by the private sector
toward national energy goals.

The mission statement should explicitly state that DOE’s goal is to use its own existing assets
and assets associated with DOE sites to facilitate the invention, refinement and early deployment
of meaningful technologies. These assetsinclude: national laboratories; land; facilities,
including electrical transmission facilities; energy resources (e.g., solar, wind, biomass,
geothermal); highly trained and experienced workforce, and a culture of safety; and incentives
(e.g., loan guarantees, grants, purchase agreements, tax credits).

4850-4244-7625.1





2. How can DOE activities best support U.S. leadership in clean energy innovation? In clean
energy manufacturing? In clean energy deployment? How do we balance inter national
competitiveness against international cooperation? No comment.

3. What principles should the Department follow for allocating resources among technologies of
disparate maturity and potential time to impact? No comment.

4. What are the optimal roles for the private sector, government laboratories, citizens and
academia in accelerating technology innovation?

Loca governments and communities provide an excellent opportunity to accelerate technology
innovation by providing ideal locations for energy development, demonstration and other types
of energy-related projects. Energy communities, which surround DOE activities, support the
Administration’s energy efficiency and clean energy goas. As neighbors to DOE sites, and as
partners to many successful projects, these communities are uniquely qualified to partner with
DOE, national laboratories, private industry and academia to accelerate technology innovation.
Energy communities provide municipa services to DOE (including utilities at many sites), can
finance projects and issue bonds, and are experienced with public-private partnerships, and a
host of other activities central to the long-term success of energy projects. These communities
stand ready to build on existing partnerships with DOE.

DOE can coordinate activities between and among these types of organizations, including local
governments and communities, by having clear policies and programs in place to accelerate
technology innovation. For example, DOE has established the Asset Revitalization Initiative
(ARI) in order to coordinate departmental organizations to transition existing Federal properties
and other assets to future beneficial uses. This program should help to establish a framework for
collaborative work between DOE sites and Headquarters program offices as well as with local
communities, the private sector and other stakeholders. Communities are aready planning
several energy-related projects under ARI and the establishment of a Department-wide Task
Force should help accelerate some of the programs.

5. What are principles and best practices in performing large-scale demonstration projects? No
comment.

6. A number of non-technical barriers—including federal, state, and local regulations, market
failures, and non-technical risks—impact the rate of deployment of energy technologies. What, if
any, role should the Department have in addressing these barriers?

The Department should clarify its own policies on transferring and disposing of real and personal
property.

7. Have we correctly identified and structured these six strategies? Yes

4850-4244-7625.1






1. Why is the transportation fuels mission targeting electric vehicles, rather than
"alternative fuels" which would include both natural gas and electric? Electric vehicles
are great in terms of emissions reduction and energy security, but not as efficient as
natural gas in terms of total emissions (car + power plant vs. just the car).

2. | agree that DOE should not rank technologies in terms of winners and losers. On
the other hand, DOE should make more effort to present the results of new technologies
on the same basis. For example, define one standard 500 MW coal-fired unit at a
power plant using DOE defined coal source(s) and instruct all contractors that their
reports must include a chapter that evaluates the cost, performance and benefits of
applying their technology on the standard plant with the standard fuel. Or, DOE should
pay an independent contractor to publish a report that presents the costs, performance
and benefits of all DOE-funded technologies on the same basis. Not opinions or
rankings, just the technical facts.

Energy Pros LLC

Box 217

Blairsville PA 15717
724-675-8321
www.energy-pros.us
www.energy-prosservices.us

Coal vs. Renewables -- it's not a competition.






Dear DOE,

| have reviewed the Quadrennial Technology Review and am impressed by its content. However, the
omission of hydrogen fuel cell technologies is disappointing. | am aware that this technology is not in
favor within the DOE administration because the technological hurdles are viewed as being too big. |
have a different view. | believe the technology exists and is being constantly improved and that
hydrogen fuel cells can serve as either range extenders for electric vehicles or as the sole power source
for vehicles.

There are two primary sources of hydrogen: 1) reformers that convert natural gas to hydrogen and 2)
electrolyzers that convert water to gaseous hydrogen. These devices are already available on a small
scale and could be deployed to the residential level and be used to generate hydrogen right at the point
of use for a vehicle in a residential garage. This is essentially akin to recharging the battery of an electric
vehicle. The infrastructure for this technology already exists — namely the electrical grid and the natural
gas distribution network.

Given these simple factors, omission of any mention of hydrogen fuel cell technology from the QTR
seems incorrect.

Thanks for considering my input.
Please call or respond if you have any questions.

Martin T Gresho, PE
FP2FIRE, INC.
282 Ronnie Road
Golden, CO 80403
Office - 303-642-3547
Fax - 303-568-2049
marty@fp2fire.com
http://www.fp2fire.com
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Comments on the Department of Energy Quadrennial Technology Review Framing Document
Submitted by the
Fuel Cell and Hydrogen Energy Association
April 15,2011

The Fuel Cell and Hydrogen Energy Association (FCHEA) appreciates the opportunity to comment
on the Quadrennial Technology Review (QTR) Framing Document. We note the drafters of the QTR
have omitted fuel cells and hydrogen energy in their framing document; whether an intentional
oversight or otherwise, this is in error.

We believe any rational analysis of the facts, the data, the market experience, and their actual and
potential benefits leads to the conclusion that fuel cells and hydrogen energy have a crucial role to
play in America’s energy security. As the Framing Document welcomes “. .. comment on the
selection of . . . technologies and sources, as well as suggestions of alternate technologies and
sources, and updated technology, cost, and forecast data, particularly in rapidly-moving fields,”
(p.23) we welcome the authors’ openness and the chance to respond.

The Department of Energy’s excellent work and the strong public-private partnership in fuel cells
and hydrogen ought to be a model for the Department’s activities. Certainly the progress on fuel
cells and hydrogen energy amply justifies raising the profile of fuel cells and hydrogen in the QTR
and at DOE generally.

Fuel cells and hydrogen technologies are transforming the energy network through distributed
generation of clean, efficient and reliable power using a broad range of domestic fuels. They are
proven to play a unique and vital role in enhancing the performance of renewable and nuclear
power, boosting the efficiency and lowering the emissions of fossil fuels, and generating power
closer to the point of consumption, relieving grid congestion and reducing the need for high
voltage transmission lines.

Leading corporations like Coca-Cola, Google, FedEx and Walmart are using fuel cells and hydrogen
to meet mission critical power needs for 7/24 materials handling, grocery store refrigeration and
data center operations. The U.S. military is relying on fuel cells and hydrogen energy for light, long
duration soldier power and to power unmanned vehicles, increasing their efficiency and
effectiveness on the battlefield, as well as for materials handling and stationary applications in
non-tactical base operations.

www.fchea.org 1133 19th St., NW, @th Floor = Washington, DC 20036 = (202) 736-5738 * info@fchea.org






The men and women of the fuel cell and hydrogen energy industries strive daily to produce energy
from domestic fuels—renewable and fossil—as cleanly, as efficiently, as reliably, and as
cost-effectively as possible. Our companies and research partners are at the cutting edge of
high-tech manufacturing, engineering, and materials science. We are the last clean energy
technology in which the United States is the recognized manufacturing and technical leader, an
advantage other countries are positioning themselves to take away.

The FCHEA is the advocacy organization dedicated to the commercialization of fuel cells and
hydrogen energy technologies. FCHEA and its membership are at the forefront of efforts to
transform the energy network, fundamentally altering the way energy is generated and used. Fuel
cells and hydrogen technologies are being commercially deployed today to solve critical problems
in our energy infrastructure and deliver clean, reliable power to leading edge corporate, academic
and public sector users. FCHEA’s membership represents the full spectrum of the supply chain
from universities, government laboratories and agencies, trade associations, fuel cell materials,
components and systems manufacturers, hydrogen producers and fuel distributors, utilities and
other end users.

Summary
The family of technologies comprising the fuel cell and hydrogen energy industry play a central role
in the new energy network outlined in the QTR.

e With an estimated $1 billion in sales, more than 10,000 employees in the US, and more

than 30,000 worldwide, our industry is emerging as a significant contributor to the new
energy architecture.

e With 15,000 fuel cell systems (representing over 90 mW) shipped in 2010, our industry is
proving it can meet market needs and deliver benefits to society today with high efficiency
and low emissions, and up to 100% renewable generation.

e Electrical conversion efficiencies up to 60% and combined heat and power efficiencies
higher than 80% bring economic benefits to customers and energy security benefits to the
nation.

® The ability to use low- and zero-carbon fuels efficiently brings up to 100% reductions in
greenhouse gas (GHG) emissions and in conventional pollution, and substantial
environmental benefits even when using conventional hydrocarbons.

* Nearly 1,000 patents, including 200 developed with DOE funding, and the potential for up
to 675,000 jobs by 2035, according to a DOE estimate, strengthen the nation’s knowledge
base and bring economic growth in critical industries.

FCHEA looks forward to continuing our dialogue with you as you develop the QTR.
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Background on the Industry

Fuel cells are electrochemical systems that convert the energy of a fuel directly into heat and
electricity. Since there is no combustion, the process is inherently efficient and low polluting. In
structure fuel cells are similar to batteries but with a fundamental difference. Batteries store
electricity and must be recharged. Fuel cells generate electricity and will do so as long as fuel is
supplied.

Hydrogen is abundant and in hydrocarbon compounds is essential to life on earth. It is an
excellent energy carrier and when used in a fuel cell yields its energy with no emissions other than
water and heat.

The fuel cell and hydrogen energy industry is international in scope, with $1 billion' in sales in
at least 40 countries. Public and private estimates project exponential growth as products gain
market share in a wide range of markets, including power generation, combined heart and power,
industrial equipment, backup power, portable generation, military, consumer electronics and, by
2015, passenger vehicles.

Investment in the industry by venture capital firms and private equity sales exceeded $570 million
between 2008 and 2010. Over the past two decades, an estimated $10 billion has been spent on
research, development and commercialization of fuel cells and hydrogen energy, 80% from the
private sector: federal research dollars have been matched more than four-to-one.

Employment in the industry is expected to grow exponentially. DOE estimates that 677,000 jobs
could be created by 2035 in 41 fuel cell and related [fuel cell and related? 1don’t understand the
41 industries reference] industries.” The Korean government estimates 2.8 million jobs will be
created worldwide with global sales of $126 billion.?

Knowledge is growing rapidly in the industry. According to the Clean Energy Patent Growth
Index” fuel cell patents lead in the clean energy field (and has since 2002), with 996 fuel cell patents
registered worldwide in 2010. This number is three times greater than the second place holder,
solar, with just 363 patents. The number of fuel cell patents grew more than 57 percent in 2010.
The top holder is General Motors; IdaTech, United Technologies, Delphi, Plug Power and Bloom
Energy are among the U.S. companies with significant patent positions.

! Some estimates are higher; Intertechpira, a private analyst, puts the figure at $2 billion in 2009.

* Effects of a Transition to a Hydrogen Economy on Employment in the United States: Report to Congress. 2008.

3 Park, Dal-Ryung, “Commercialization of Fuel Cell Technologies in Korea,” 2010 FC Expo, March 2010. The Korean
government has adopted a policy to capture 20% of the world market in fuel cells, and 20% of the jobs.

* http://cepgi.typepad.com/heslin_rothenberg_farley /.
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ALL SECTORS PATENTS BY YEAR 2002 - 2010

Fuel Cells Address the Challenges Posed in QTR
Fuel cells are an integral part of the solution to the nation’s energy challenges.

Energy Security (3.1)
Fuel cells contribute to energy security by
1. Making possible the eventual elimination of hydrocarbon motor fuel in light duty vehicles.
Every fuel cell vehicle displaces 12 to 15 times the oil demand of a plug-in hybrid vehicle.
Thus on an energy security basis 55,000 fuel cell vehicles are equivalent to more than
600,000 PHEVs. °

2. Achieving very high efficiency in the use of natural gas for power generation and heating,
even in very small and distributed systems’

0\ portfolio of technologies including hydrogen fuel cell vehicles, improved efficiency of conventional vehicles,
hybrids, and use of biofuels—in conjunction with required new policy drivers—has the potential to nearly eliminate
gasoline use in light-duty vehicles by the middle of this century, while reducing fleet greenhouse gas emissions to less
than 20 percent of current levels. This portfolio approach provides a hedge against potential shortfalls in any one
technological approach and improves the probability that the United States can meet its energy and environmental
goals.” NRC, Transitions Report, Summary. National Research Council, Transitions to Alternative Transportation
Technologies: A Focus on Hydrogen, 2008.

® DOE Office of Vehicle Technologies, Multi-Year Program Plan, 2011-2015, page ES-3.

7 http://www.fuelcellenergy.com/files/FCE%20WhitePaper%20040308 1.pdf, page 5.
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3. Enabling the continued use of coal by providing a pathway to high efficiency coal power
generation (60%) and affordable carbon sequestration (reducing the cost of energy to the
consumer by one-third compared to the DOE baseline projection).®

4. Improving the quality and security of the power grid by offering a storage option for
intermittent generation and increasing operators’ ﬂexibility.9

U.S. Competitiveness (3.2)

Fuel cells are a U.S. based technology, with a strong patent position and an estimated 1,000
supply chain companies. We know from painful experience how expensive it is to try to buy
back energy technology capability. The U.S. still has a lead that can (and in our view must) be
nurtured. Fuel cells contribute to U.S. competitiveness.

Innovation (3.2.1)

The U.S. has a dominant patent position in fuel cells, holding 47% of fuel cell patents
registered between 2002-2010 (Japan is second with 31%.). Fuel cell patents originated
from 30 U.S. states.'® J apan, Korea, China, Germany and the European Union, however, all
support aggressive fuel cell research programs.

FUEL CELL PATENTS
GEOGRAPHIC DISTRIBUTION
2002-2010

® 2011 Heslin Rothenberg Farley & Mesiti P.C

¥ Cost and Performance Baseline for Fossil Energy Plants, Volume 1, Revision 2 DRAFT, 2010 .
Analysis of Integrated Gasification Fuel Cell Plant Configurations, DRAFT, 2010.
° NREL, Analysis of Hydrogen and Competing for Utility-Technologies Utility Scale Energy Storage, 2010,
10 .
CEPGI, op. cit.
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Manufacturing (3.2.2)
The early commercial status of the fuel cell and hydrogen energy industry presents an

opportunity to foster job growth in the Unites States. There is substantial competition:
Korea has announced a long-term program to capture 560,000 fuel cell jobs over the next
two decades. But the door is still open for the United States. According to Fuel Cell Today,
the global fuel cell industry could create 700,000 manufacturing jobs by 2020. About 25%
of the jobs, or 175,000 jobs, were projected for North America.''

Deployment (3.3.3)

U.S. fuel cell companies are competing in world markets today although they are under
pressure to relocate facilities and jobs where the markets are.'” Fuel cells are also finding
important in the United States, helping commercial and industrial customers convert to
highly reliable, high efficiency, low cost distributed systems, and providing effective
alternatives to batteries and combustion systems in industrial vehicle, backup power and
portable power markets. Fuel cell systems are powering many mission critical energy
needs, and saving customers money today in all these applications."

Environment (3.3)

Fuel cells are the cleanest technology that consumes a fuel. A fuel cell generates electricity and
useful heat through an electrochemical process rather than combustion. The absence of combustion
means fuel cells are inherently clean and highly efficient. Fuel cells produce very low or zero
emissions and are up to 80% to 90% efficient when used in a combined heat and power application.
This protects the environment in addition to saving customers money.

1. In Transportation, fuel cell electric vehicles (FCEVs), as part of a portfolio of vehicle
technologies, can achieve the goal of 80% reduction of CO2 emissions from the light duty
vehicle fleet by 2050."* FCEVs are zero emission vehicles, according to the California Air
Resources Board. When emissions from hydrogen production are included, fuel cell EVs
can also achieve zero well-to-wheel emissions via renewable pathways. According to a DOE
analysis, producing hydrogen from natural gas yields fewer emissions than would be
generated by charging a battery EV (based on grid average) even using a “cleaner grid” in
2035."

If one compares the DOE/industry targets presented in DOE program plans for battery costs
and fuel cell and hydrogen storage costs, and employs them in comparative vehicle analyses,
neither technology has an obvious economic advantage at this stage of development. It
makes sense to embrace the full portfolio rather than picking winners and losers, which the
Scoping document specifically says DOE wishes to avoid.'

http://www.fuelcelltoday.com/online/news/articles/2010-01/Fuel-Cell-Industry-Could-Create-

2009 Fuel Cell market Report, page 4. http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/49492.pdf.
The Business Case for Fuel Cells, 2010. http://www.fuelcells.org/BusinessCaseforFuelCells.pdf.

NRC, Transitions, op. cit.

http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/budget_webinar_fy12.pdf.

Gronich, Are Plug-in/Battery Electric Vehicles More Market Ready than Hydrogen Fuel Cell Vehicles? NHA 2009.

www.fchea.org 1133 19th St., NW, @th Floor = Washington, DC 20036 = (202) 736-5738 * info@fchea.org






2. In Power Generation, Fuel cell CHP emissions are so low — pounds compared to tons for
the alternatives - that fuel cells are exempt from air quality permitting in Los Angeles and
other jurisdictions with serious smog problems.17 Fuel cells are a low CO2 technology, the
result of high efficiency use of hydrocarbon fuels and the ability to operate on biogas and on
hydrogen generated renewably via electrolysis of water. Fuel cell systems can be zero net
emissions. Natural gas powered fuel cell systems reduce CO2 by 10 to 40 percent
compared to alternatives.

Fuel cells save water. Today’s combined heat and power fuel cell systems are water neutral
once charged. When solid oxide fuel cell systems are used to separate CO2 emissions from
gasified coal, they reduce water use per megawatt hour by 80 percent or more.'®

Analysis and Assessment

The performance of fuel cells in the marketplace is being documented both via data analysis and
individual examples.'® There is ample real world data to judge the environmental and energy
saving performance of fuel cell systems. In Japan, for example, with experience from more than
13,000 installed residential fuel cell systems, the gas companies offering the systems report a 33%
reduction in primary energy consumption and a 45% reduction in household CO2, or about 1,500
kilograms per year per household.”® The National Renewable Energy Laboratory maintains an
extensive data collection activity on hundreds of fuel cell forklifts in operation in the U.S., and on
an extended trial of more than 150 fuel cell passenger cars and buses,.”!

Commenters were invited to suggest additional analysis and assessments that might guide the QTR
authors, and we do so below.

DOE Fuel Cell Technologies Program, Multi-Year Research, Development and
Demonstration Plan: 2005-2015, updated 2009.22

The program plan was developed in 2005 and revised in 2009 with extensive input from industry
and other stakeholders and represents a consensus view of the cost, performance and durability
needed for full commercialization. The program has met every significant milestone, and is on
pace to achieve cost reduction and performance benchmarks in 2015 that many once thought were
impossible; the program is responsible for more than 200 patents. The public’s investment of
about $2 billion since 1994 has been matched more than four-to-one by industry. The program is a
success and, compared to investment in other advanced and renewable technologies, a bargain.

www.agmd.gov/rules/reg/reg02/r219.pdf.

NETL analysis presented to Fuel Cell and Hydrogen Energy Association, 2010.

Business Case, op. cit.

Hataba, M., Tokyo Gas Company, Ene-Farm, presentation to the FC Expo, Tokyo, 2010.
http://www.nrel.gov/hydrogen/proj tech validation.html.

2 http://www1.eere.energy.gov/hydrogenandfuelcells/mypp/index.html.
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McKinsey and Co., “A portfolio of power-trains for Europe: a fact based analysis,”
2010.”

A 31-member public-private coalition sponsored the report, which concludes that ““a significant
penetration of both fuel cell and battery electric cars” will be needed to build a sustainable
transportation system by 2050. McKinsey interviewed every fuel cell vehicle developer and
concluded that Fuel cell electric vehicles are ready for commercial scale-up, and are the best EV
option for longer trips and medium size and larger cars, The study concluded “The costs for a
hydrogen infrastructure are . . . comparable to rolling out a charging infrastructure for BEVs and
PHEVs. A dedicated hydrogen infrastructure is therefore justified and doable.” McKinsey called
the initial infrastructure investment “relatively low.”

While the analysis focuses on the European vehicle fleet and CO2 reduction goals, the technology
and cost assessment is applicable worldwide —and the policy conclusions are relevant to the United
States, since the U.S. has an even greater percentage of medium and heavy duty vehicles than
Europe, and we drive our cars longer distances.

Significant conclusions include:

¢ [CE will continue to improve by up to 30% further to improve, but additional reductions in
CO2 will need to come from electrification pathways.

e Battery electric vehicles, given their limited energy storage capacity, shorter driving range
and relatively long recharging times are ideal for smaller cars and shorter trips — i.e. urban
driving

e Plug-in hybrids are a good transition technology

¢ Fuel cell electric vehicles have a driving range and performance comparable to internal
combustion engines are the lowest-carbon solution for long distance driving and family-size
cars which represent 50% of all cars and 75% of all emissions.

¢ The cost of infrastructure for battery electric vehicle recharging and hydrogen refueling are
comparable and the long term cost of ownership for fuel cell electric vehicles is significantly
lower than other electric vehicle options.

DOE, Well-to-Wheels Greenhouse Gas Emissions and Petroleum Use for
Mid-Size Light-Duty Vehicles, 2010.%*

This assessment estimates the carbon reduction and petroleum reduction potential of a variety of
drive trains and fuels, in an SUV in 2030, including BEV and PHEVs. Fuel cell EVS are
consistently among the cleanest vehicles — even when the hydrogen is extracted from natural gas;
the cleanest FCEVs are the cleanest of all the vehicles analyzed.

2 McKinsey and Co. http://www.now-gmbh.de/en/press/analysis-decarbonisation-of-personal-mobility.html

% http://www.hydrogen.energy.gov/pdfs/10001 well to wheels gge petroleum use.pdf
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National Research Council, Transitions to Alternative Transportation
Technologies: A Focus on Hydrogen, 2008.”

Following are excerpts from the abstract.

“In response to a congressional request in the Energy Policy Act of 2005, this National Research
Council (NRC) study estimated the maximum practicable number of hydrogen fuel cell vehicles
(HFCV5s) that could be deployed in the United States by 2020 and beyond, together with the
investments, time, and government actions needed to carry out this transition.

“The NRC’s Committee on Assessment of Resource Needs for Fuel Cell and Hydrogen
Technologies concluded that the maximum practical number of HFCVs that could be operating in
2020 would be approximately 2 million in a fleet of 280 million light-duty vehicles. The number of
HFCVs could grow rapidly thereafter to about 25 million by 2030.

“The use of HFCVs can achieve large and sustained reductions in U.S. oil consumption and CO2
emissions, but several decades will be needed to realize these potential long-term benefits.
Considerable progress is still required toward improving fuel cell costs and durability, as well as
on-board hydrogen storage. The substantial financial commitments and technical progress made in
recent years by the automotive industry, private entrepreneurs, and the U.S. Department of Energy
(DOE) suggest that HFCV's and hydrogen production technologies could be ready for
commercialization in the 2015-2020 timeframe. Such vehicles are not likely to be cost-competitive
until after 2020, but by 2050 HFCVs could account for more than 80 percent of new vehicles
entering the fleet.

“The main advantage of a transition to HFCVs is the potential for reducing the use of oil and
emissions of CO2. Although hydrogen could not replace much gasoline before 2025, the 25 years
after that would see a dramatic decline in the use of gasoline in the light-duty vehicle fleet to about
one-third of current projections, if the assumptions of the maximum practical case are met. CO2
emissions will decline almost as much if hydrogen is produced with carbon capture and
sequestration or from nonfossil sources.

“The committee also found that alternatives such as improved fuel economy for conventional
vehicles, increased penetration of hybrid vehicles, and biomass-derived fuels could deliver
significantly greater reductions in U.S. oil use and CO2 emissions than could use of HFCVs over
the next two decades, but that the longer-term benefits of such approaches were likely to grow at a
smaller rate thereafter, even with continued technological improvements, whereas hydrogen offers
greater longer-term potential. Thus, as estimated by the committee, the greatest benefits will come
from a portfolio of R&D technologies that would allow the United States to achieve deep reductions
in oil use, nearly 100 percent by 2050 for the light-duty vehicle fleet.

> http://www.nap.edu/catalog.php?record id=12222
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“Achieving this goal, however, will require significant new energy security and environmental
policy actions in addition to technological developments. Although broad policies aimed at reducing
oil use and CO2 emissions will be useful, they are unlikely to be adequate to facilitate the rapid
introduction of HFCVs. A competitive and self-sustaining HFCV fleet is possible in the long term
but will require hydrogen-specific policies in the nearer term. These policies must be substantial and
durable in order to assure industry that the necessary long-term investments can be made safely.”

e All the advanced vehicle pathways have substantial GHG emission reduction potential. But
abandoning the hydrogen pathway could make the job impossible. All have similar
commercialization costs. All require substantial investment in new infrastructure.

Benefits will take time to accrue. Especially over the next decade and until we know which
technologies will succeed, the best path is to sustain our options.
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Figure 2. Comparison of annual greenhouse gas emissions (as equivalent CO,). The left figure shows the
Reference Case (light blue), ICEV Efficiency Case (pink), Biofuels Case (green), and Fuel Cell Success Case (dark
blue). No single approach reaches an 80% reduction by 2050. Right: Comparison of annual greenhouse gas
emissions.
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QTR’s Cited Analyses

One need only look at the analyses cited in the Framing Document to find abundant evidence of the
dynamism of fuel cell research, the potential payoff for society, and the priority that a wide range of
reviewers give to developing and commercializing fuel cells and hydrogen energy.

President’s Council of Advisors on Science and Technology (PCAST), Report

e The PCAST report that provided the impetus for the QTR is direct and positive about the
near-term strategic value of fuel cells and hydrogen.

o “For security: The oil shocks of the 1970s provided a short-lived impetus to reducing
oil dependence. Thirty years later, we experienced $140/barrel oil. Today, we are
“exporting” about a billion dollars per day for imported oil and face serious national
security and foreign policy constraints because of the industrialized world and
emerging economy dependence on oil for mobility. The complexities of the Middle
East do not require elaboration. However, scientific advances over the last decades in
biology, nanotechnology, and other scientific areas have opened promising
technology pathways — biofuels, NG and synthetic fuels, advanced batteries, and
hydrogen — that can provide elasticity in the transportation fuels market. We have
the scientific tools and now need to apply them with an urgency appropriate to the
national security benefits of reduced oil dependence. These considerations set the
stage for extraordinary action by the Federal government to supp ort not only R&D
on new energy technologies but also demonstration, adoption, and diffusion of these
technologies in concert with the private sector.” (p. 2) (emphasis added)

DOE’s Strategic Plan, 2011

¢ The plan notes the importance of its current bioenergy research to the generation of
hydrogen, and in embracing fusion energy research for its long-term potential certainly
recognizes that some high value advanced energy pathways will require patience and money
for success.

o “Genomics-based systems biology research, agronomic strategies, and fundamental
understanding of biological and chemical deconstruction of biomass are particularly
important elements of these activities. Research supported in this area will have
impacts beyond bioenergy, underpinning technologies such as batteries and fuel
cells, catalysis, hydrogen generation and storage, and membranes for advanced
separation.” (p. 30)
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National Academy of Science, America’s Energy Future, 2010

e America’s Energy Future identifies fuel cell and battery electric vehicles as having
substantial energy saving and CO2 reduction potential, though the authors speculate that
sales will not be “significant” before 2030, a conclusion they recognize is at odds with the
NAS’s 2008 assessment discussed above. The potential value of such a transition, however,
is also recognized.

o “Hydrogen has considerable potential, as discussed in previous National Research
Council reports.*? Hydrogen fuel-cell vehicles could yield large and sustained
reductions in U.S. oil consumption and greenhouse gas emissions, but it will take
several decades to realize these potential long-term benefits. (Summary, p. 46)

o After 2030, hydrogen fuel-cell vehicles and battery-electric vehicles may also make
up a significant portion of vehicle sales. Because fuel-cell and battery-electric
vehicles could ultimately eliminate the need for petroleum in transportation, they
could also reduce and possibly even eliminate light-duty-vehicle tailpipe emissions
of greenhouse gases. However, the full-fuel-cycle emissions of greenhouse
gases—cumulative emissions associated with all steps in the use of a fuel, from
production and refining to distribution and final use—will depend on how hydrogen
is produced for use in fuel cell vehicles and how electricity is produced for PHEVs.
The success of PHEVs will depend on the development of batteries that have much
higher performance capabilities and lower costs than those currently available. The
success of fuel cell vehicles will depend on improved and lower-cost fuel cells and
probably on a better means of storing hydrogen on board the vehicles. (Summary p.
14)

DOE and U.S. Department of Agriculture, Biomass as Feedstock for a
Bioenergy and BioProducts Industry: The Technical Feasibility of a
Billion-Ton Annual Supply. ORNL/TM-2005/06, 2005

¢ This report contemplates a role for fuel cells in electricity generation via biofuels by
defining biopower as the use of biomass to produce electricity via”...engines, turbines, fuel
cells, or other equipment.”

FreedomCAR & Fuel Partnership, Electrical and Electronics Technical Team
Roadmap, 2010

¢ The tech team roadmap endorses a portfolio approach to accomplishing its energy security
mission, specifically including fuel cells as part of the portfolio, and anticipates a gradual

progression to fuel cell vehicles as the motor vehicle fleet electrifies. As the Tech Team
expresses it, the portfolio approach offers the greatest chance for success.
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o “Mission/Vision: Achieving energy independence demands hybrid electric and fuel
cell vehicles that are economically justifiable for the average consumer. Essential to
this effort is the development of advanced power electronics and electrical machines,
as key enabling technologies for propulsion systems.

“As technology moves from HEVs to PHEVs and then to battery electric vehicles
(BEVs) and fuel cell electric vehicles (FCVs), the Electrical and Electronics
Technical Team (EETT) is charged with advancing the technologies required to
make electrically driven transportation preferred to today‘s petroleum-fueled
vehicles. The team will encourage the national research community and industry to
focus on developing technologies that will lead to the commercial viability of
electric propulsion in the future.” (pp. 1-2)

o “ Address multiple technologies, because no single new technology will achieve of
all of the targets. For the motor, it is necessary to consider issues such as new
designs, magnet materials, and manufacturing methods. For the power electronics, it
is necessary to consider semiconductor switches, capacitors, magnetics, packaging,
and new topologies. Added to all of those issues is the challenge of thermally
managing the modules. (p. iii)
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IEA, Technology Roadmap: Electric and plug-in hybrid electric vehicles, 2009

e The IEA roadmap contemplates annual sales of about 50 million battery and fuel cell
electric vehicles by 2050, about evenly divided, with PHEVs seen as a bridge technology.

o “PHEVs and EVs are expected to begin to penetrate the market soon after 2010, with
EVs reaching sales of 2.5 million vehicles per year by 2020 and PHEVs reaching
sales of nearly 5 million by 2020 (see Figure 3, Figure 5 and Table 3). By 2030, sales
of EVs are projected to reach 9 million and PHEVs are projected to reach almost 25
million. After 2040, sales of PHEVs are expected to begin declining as EVs (and fuel
cell vehicles) achieve even greater levels of market.” (p. 14)

Figure 2: Annual light-duty vehicle sales by technology type,
BLUE Map scenario
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DOE Vehicle Technologies Program, Multi-Year Program Plan, 2011-2015

e The Vehicle Technologies Program coordinates its work with the Fuel Cell Technologies
program, and specifically lists thermal system integration, control strategies and combustion
R&D as benefitting hydrogen fuel and/or fuel cell vehicles. The program office evaluated a
long list of vehicle technology options based on the assumption of success for the VTP’s
research by  and concluded that the per-vehicle potential for CO2 reduction and petroleum
savings is greatest for fuel cell electric vehicles. (Fig. 2-0-1)
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European Commission on Energy’s Strategic Energy Technology Plan

e The Commission’s Smart Cities initiative includes a significant demonstration of fuel cell
electric vehicles and fuel cell power generation:

o “—10-20 testing programmes for the large deployment of alternative fuel vehicles,
from road public transport and municipal fleets to private passenger vehicles (electric
vehicles, hydrogen and fuel cells, low consumption vehicles, natural gas vehicles,
biofuels, etc.) including the fuel/energy supply infrastructure”. (p. 50)

DOE Biomass Program Multi-Year Program Plan, 2010

The biomass program notes the work under way to extract hydrogen from biomass and discusses the
important of hydrogen in upgrading biomass (p. 2-23 and elsewhere.)

e “Fuel Cell Technologies Program (FCT): The production of hydrogen from biomass is
pursued through two main pathways — distributed reforming of bio-derived liquids and
biomass gasification. Research efforts on reformation and gasification, the availability of
biomass, and renewable hydrogen as an enabler for biofuel production are coordinated
between FCT and the Biomass Program. In addition, the programs collaborate on using
algae to produce biofuels and hydrogen.” (p. 1-17)

European Commission on Energy’s Strategic Energy Technology Plan

e The Commission’s Smart Cities initiative includes a significant demonstration of fuel cell
electric vehicles and fuel cell power generation:

o “—10-20 testing programmes for the large deployment of alternative fuel vehicles,
from road public transport and municipal fleets to private passenger vehicles (electric
vehicles, hydrogen and fuel cells, low consumption vehicles, natural gas vehicles,
biofuels, etc) including the fuel/energy supply infrastructure. (p. 50)

o “joint programming for smart grids, fuel cells and marine energy, preparatory steps
to develop a Joint Programme have been undertaken.” (p. 54)
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Massachusetts Institute of Technology, the Future of Coal: Options for a
Carbon-Constrained World, 2007.

MIT notes the central importance of hydrogen in advanced coal combustion and gasification and
liquefaction and encourages research in a portfolio of innovative options.

“ADVANCED CONCEPTS

A healthy R&D program needs a component that invites competitive proposals for basic research
and innovative concepts that could lead to breakthroughs for high efficiency clean, CO2 emission
‘free’ coal use, or for new sequestration approaches. The transport gasifier and chemical looping,
mentioned in Chapter 3, are examples. New system ideas, such as integration of fuel cells with
IGCC, is another example. The program should be sufficiently large to allow for evolution of
promising research results into pilot scale facilities.” (p. 85)

DOE EERE, 20% Wind Energy by 2030: Increasing Wind Energy’s
Contribution to U.S. Electricity Supply, DOE/GO-102008-2567, 2008.

EERE suggests that fuel cell electric vehicles could provide a stimulus for wind power by
converting off-peak wind to hydrogen vehicle fuel.

e “Several customer-driven energy trends could have a significant impact on wind
development. Much wind generation occurs in hours when energy use is low. Two proposed
off-peak electricity uses—the deployment of plug-in hybrid vehicles with off-peak charging
and the production of hydrogen to power vehicles—could absorb much of this off-peak,
low-cost wind generation. In addition, as more customers gain the ability to practice
automated price-responsive demand or to automatically receive and respond to directions to
increase or decrease their electricity use, system loads will be able to respond to, or manage,
variability from wind and other energy sources.” (p. 93)

e  “The 20% Wind Scenario would require end users to be able (via price signals and
technology) to respond to system needs by shifting or curtailing consumption. Time-shifting
of demand would help reduce today’s large difference between peak and off-peak loads and
encourage more flexible loads (such as plug-in hybrid cars, hydrogen production, and smart
appliances) that take energy from the grid during low-load periods. These practices would
smooth electricity demand and open a larger market for off-peak wind energy.” (p. 101)

DOE, Electric Power Industry Needs for Grid-Scale Storage Applications, 2010

DOE contemplates a role for fuel cells in energy storage as the amount of intermittent energy
generation increases.

e “SYSTEM DESIGN, which includes the storage device (e.g., battery, flywheel, regenerative
fuel cell, or capacitor), the power conditioning and control systems that allow the system to
communicate with the electric grid, and any other ancillary equipment necessary for the
device’s operation (e.g., auxiliary cooling systems), is also interrelated with the cost and
technical performance of an energy storage system. ... Storage technologies that meet the
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economic, technical performance and system design requirements of the intended
application are well positioned to achieve widespread adoption in the electric power
industry.” (p. 15)

The Minerals, Metals, and Materials Society, Vision Report of the Energy
Materials Blue Ribbon Panel, 2010

This Vision Report concludes that materials science and engineering could yield “the
greatest potential impact” in battery and fuel cell technologies.

o The Panel’s findings are that materials science and engineering (MSE)
breakthroughs can be the key enabler for many energy efficiency and carbon
reduction solutions. The Panel identified several areas where MSE can have the
greatest potential impact:

* Battery technologies

* Industrial energy efficiency

* Vehicle energy efficiency

* Solar energy

* Nuclear fission and fusion

* Fuel cells and hydrogen technologies” (Summary)

o The Report specifically identifies fuel cells as “a highest priority area.” “Hydrogen
and fuel cells have been an area of substantial R&D focus to date and are a highest
priority area in the long-term. MSE innovations in catalysts and membrane materials,
combined with increased infrastructure, could allow hydrogen fuel cells to make a
major impact on the long-term state of the U.S. energy sector.” (p. 11)

Interlaboratory Working Group, Scenarios for a Clean Energy Future,
ORNL/CON-476, 2000

The Working Group includes as a cross cutting technology in buildings, transportation and
combined cycle power generation and suggests it model could be improved by improved
modeling of distributed power generation, such as fuel cells in buildings and combined heat
and power in industry.

o “In the longer term, however, the opportunities for a clean energy future depend
critically on technologies that do not presently exist in the marketplace or are in early
stages of commercial trial. The commercial success of these technologies — which
range from technologies that produce energy with low or zero pollutant emissions
(renewable, hydrogen, and advanced nuclear power systems) to those that
dramatically reduce energy use per activity or output (e.g.100 mile per gallon
automobiles and 200 lumen per watt lighting systems) to systems for the
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sequestration of carbon — will make the difference between energy futures with high
or low economic, social, and environmental impacts” (p.8.1)

e The Working Group also specifically discusses the benefits of fuel cells in transportation,
citing fuel cells as “potentially pollution free propulsion.”

o “Hybrid, Electric, and Fuel Cell Vehicles. Developing commercially viable,
mass-market electric-drive vehicles (EVs) would free the automobile from
dependence on carbon-based liquid fuels while simultaneously reducing vehicular
emissions. Hybrid electric vehicles (HEVs) combine an electric drive with an
auxiliary power unit and energy storage device (e.g., battery). A heat engine could be
used as the auxiliary power source, but if fuel cell technology could be sufficiently
advanced and the infrastructure for supplying hydrogen fuel developed, a potentially
pollution-free propulsion system would be available (depending upon how the
hydrogen is produced).” (p. 8.11)

e The Working Group sees fuel cells and hydrogen as a potential pathway for renewable solar
power to provide energy for transportation.

o “In the longer term, PV may also be used to meet the needs of other energy markets.
One tantalizing possibility is the light-duty vehicle transportation market (Fig. 8.6).
There are several conceivable routes for PV to play a role in this rapidly evolving
international market. The most direct possibility is the use of PV either mounted on
the surface of a “world car” or stationary applications used to charge the batteries of
an electric vehicle. In the long term, PV may also become the major energy source for
hydrogen to power fuel cell vehicles. Either electrolysis or some form of direct
photoconversion might be used. These concepts are attractive in that they address the
long-term issue of petroleum resource availability and because they inherently include
storage. They are not hindered by the issue of the intermittent availability of the solar
resource.” (p.8.15)

DOE, Advanced Materials and Devices for Stationary Electrical Energy Storage,
2010

¢ DOE indentified fuel cells as a “high priority” technology for energy storage and Identifies
regenerative fuel cells as an “emerging technology” and a mid-term priority.

o “The advancement of large-scale energy storage technologies will require support
from the U.S. Department of Energy (DOE), industry, and academia. Figure 1
outlines the high-priority research and development activities that are necessary to
overcome the limitations of today’s storage technologies and to make
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game-changing breakthroughs in these and other technologies that are only now
starting to emerge, such as metal-air batteries, liquid-metal systems, regenerative fuel
cells, advanced compressed-air energy storage, and superconducting magnetic
electrical storage.” (p. 1)
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Gas Technology Institute

Daniel S. LeFevers

Executive Director, Washington Operations
655 15" Street N.W., Suite 420
Washington, DC 20005-5708
Daniel.lefevers@gastechnology.org
202-661-8645

Gas Technology Institute (GTI) is an independent not-for-profit organization serving research,
development, and training needs of the natural gas industry, gas consumers, and energy markets.
Most of the 250-person GTI staff is based at GTI’s headquarters located on an 18-acre campus in
Des Plaines, lllinois. Over 70% of our personnel are technically trained engineers and scientists.
GTI has over 280,000 square feet of office, laboratory, shop, library, and training space with over
110,000 square feet devoted to laboratory, fabrication and testing facilities.

GTI provides programs and services (contract R&D, collaborative R&D, technical services, and
education programs) to the natural gas industry, Federal and State governments and consortia
that seek the development and implementation of technology. GTI programs help organizations
outsource and leverage technology investments. GTl also operates offices and facilities in
Washington, D.C., Catoosa, Oklahoma, Houston, Texas, and Birmingham, Alabama.

GTI currently manages approximately $60 million in research and development contracts per year
(over 100 projects), and has been managing contracts of this type since the 1940’s. GTI performs
contract Research and Development for the United States Department of Energy and is very
familiar with many of its programs.

GTI has almost 1200 patents and has entered into 750 licensing agreements by applying its
research, development, and demonstration processes. The estimated commercial value
generated by GTI developed technologies is more than $1 billion over the past 20 years. GTl has a
long history of successful commercialization of new technologies. GTI has also taken technologies
to market through newly formed ventures for that express purpose.

Testimony

GTIl welcomes the opportunity to comment on USDOE’s Quadrennial Technology Review of its
energy technology policies and programs.

Because of the large number of issues and questions that the USDOE has presented in its request
for comment, GTI has chosen to focus specifically on the first 3 goals that the administration has
outlined, which are:

e Reduce energy-related greenhouse gas emissions by 17% by 2020 and 83% by 2050 from a
2005 baseline

e Supply 80% of America’s electricity from clean energy sources by 2035 and

e Support deployment of 1 million electric vehicles (EVs) on the road by 2015

After commenting on these specific goals GTI will comment on sections A, B, D, E, & F.





While GTI does not take a position on global climate change, as we are a scientific based
organization and have no climatologists on staff, we recognize that many climate scientists point
to man-made carbon emissions as a contributor to global climate change and/or global warming.

So we will not comment specifically on this goal, simply to say that there are many potential
technology plays that can contribute significantly to reducing US carbon emissions. One that is
seldom highlighted by the USDOE, or the current administration, is the role natural gas can play in
reducing carbon emissions.

It is likely that — in fact — expanding the use of natural gas in the power and residential sectors is
one the fastest and least costly means to dramatic carbon emission reduction in a very short time
frame. GTI developed an analysis which shows that expanding the role of natural gas along with
renewable and energy efficiency can reduce US carbon emissions substantially. Please find
Whitepaper starting on the following page.

The following Whitepaper and immediate comments following, address the Administration’s
first goal to:

e Reduce energy-related greenhouse gas emissions by 17% by 2020 and 83%
by 2050 from a 2005 baseline

Response starting with Whitepaper on following page
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HOW ENERGY EFFICIENCY, NATURAL GAS AND
RENEWABLES CAN SUBSTANTIALY REDUCE U.S.
CARBON DIOXIDE EMISSIONS

Expanded use of Energy Efficiency, Natural Gas and Renewables can reduce
U.S. carbon emissions (2005 levels) by 42% by 2030.

SUMMARY

Currently, U.S. policymakers, elected officials,
scientists, organizations and businesses are
grappling with the issue of how to reduce
carbon emissions while analyzing the costs and
market realities that will be part and parcel of
any pathway to reach specific carbon emission
reduction goals.

What seems to be missing in many of the
scenarios/visions that are being discussed by
policy makers and others is the role that natural
gas can play in dramatically reducing CO,
emissions. Natural gas is the clean efficient
fossil fuel and the synergies between
renewables, energy efficiency and natural gas
are highlighted in this document.

change, yet many of the scenarios put forth to
reduce carbon emissions require billions of
research dollars to be invested annually and the

The scenario outlined is this document is one
version of a potential future and is not
suggested to be the only viable means to
reaching a 42% reduction in CO, emissions by
2030. It is however, designed to illuminate
various options and to spur policy makers to
undertake additional analysis to better
understand what options exist that may offer
lower costs, less obstacles, more jobs and a
practical path to a lower carbon future.

development of yet uncertain or untested
technologies or processes. This is not
necessarily a recipe for short and mid-term
results.

The U.S. House of Representatives has
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proposed' a reduction of U.S.
energy related carbon emissions of
42% by 2030 and 83% by 2050.

The scenario outlined in this
document relies mostly on already
proven technology, is achievable
by 2030, and takes a holistic
approach to the goal. The energy
units and emission reductions
described are incremental to the
EIA reference case for 2030

Some climate scientists suggest a need to move
quickly to ensure that reductions will have the
desired effect on global warming and climate

! http://www.govtrack.us/congress/bill.xpd ?bill=h111-
2454 &tab=summary






published in 2007.2 The CO, reference case
shown in the figure is energy-related CO,

emissions from the latest EIA Annual Energy
Outlook.”

Following, are listed the means by which to
reach a 42% reduction in CO, emissions by
2030. They are also depicted in the chart on
the first page. The reduction totals listed are
discussed throughout the document, yet parsed
under various headings. Within the document,
you will find in yellow the CO; reductions that

The U.S should continue to increase resources
to support R&D to develop new advanced low-
carbon technologies and systems of the future,
but non R&D deployment efforts should
mainly focus on proven or near commercial
technologies to ensure the 2030 goal will be
attained.

ENERGY EFFICIENCY

Currently, energy efficiency measures are often
defined by the deployment of products and

added together equal the total reductions
depicted in the chart.

1. Improved efficiency in homes, businesses,
industry and electricity generation based on

full fuel cycle analysis (2,004 million
metric tons — MM tonnes CO, reduction)

2. Expanded renewable energy use in homes,

businesses, industry and electricity
generation (494 MM tonnes)

3. Tightened Corporate Average Fuel
Economy (CAFE) regulations for
light-duty vehicles and expanded use
of alternative fuels (natural gas and
bio-fuels) in the transportation sector
(298 MM tonnes)

4. Incremental increase of nuclear
power plants (154 MM tonnes)

devices which are very energy efficient but are
powered by primary energy sources which are
produced and delivered through less efficient
means. Programs designed solely based on
end-use efficiency, which discount the
efficiency of the power source and delivery
system can actually increase CO, emissions
nationally.

The scenario outlined in this document is based almost
entirely on the deployment of technologies which are
already utilized in various applications and does not
assume comprehensive development and deployment of a
CO, capture, delivery and sequestration infrastructure or
extensive deployment of new breakthrough technologies.
Breakthrough technologies and new CO; infrastructure for
coal and natural gas power generation may take several
decades to deploy comprehensively, yet even without this
deployment, the 2030 goal is achievable.

This scenario relies substantially on existing

technologies coupled with the expansion of the

U.S. electric and natural gas infrastructure.

New, and to date, unproven technologies will

The energy efficiency described in this
document suggests that energy efficiency is
defined from “source to site” and that the
efficiency of the entire energy cycle can be

need to be developed and deployed to reach

improved. This includes electricity production,

the 2050 goal. This scenario provides the

as well as the delivery of energy to the
customer.

window of time to research, develop, refine

and test these new technologies.

For example the production and delivery of
natural gas to a customer is 91% efficient
compared to an average efficiency for

* U.S. DOE Energy Information Administration (EIA),

2007 Annual Energy Outlook.

? U.S. DOE EIA 2009 Annual Energy Outlook, Table
p. 52.
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electricity delivered to a customer at around
27% .

Based on this approach we have defined the
following means to increase energy efficiency
and substantially lower CO, emissions.

1. Direct use of high-efficiency natural gas
appliances and processes in homes,
buildings, and factories to displace less-
efficient natural gas, oil, and electricity-
based technologies.5 (432 MM tonnes)

2. Electric end-use energy efficiency
improvements® (lighting, HVAC,
electronics, appliances, insulation and
building shell) (808 MM tonnes)

3. Improved efficiency of electricity
production (from 32-35% for a coal-fired
power plant’ to 48-60% for a natural gas
combined cycle plant®) through expanded
use of natural gas (764 MM tonnes)

4. Improved efficiency of the transportation
sector through increasing the miles per
gallon (MPG) of vehicles (38 MPG for
light-duty cars and 28 MPG for light-duty
trucks) (165 MM tonnes)’. [This CO,
reduction is summarized under
transportation heading].

* American Gas Association, "Source Energy and
Emission Factors for Residential Energy Consumption,”
August 2000

5 GTI, “A Lower-Cost Option for Substantial Carbon
Dioxide Emission Reductions in the U.S.,” GTI -9/0002,
July, 2009.

% McKinsey & Company, “Unlocking Energy Efficiency
in the U.S. Economy,” July, 2009, p. 29 (residential),
p- 55 (commercial), p. 75 (industrial)

7 Black & Veatch, Presentation to the Kansas Energy
Council,
http://home.eng.iastate.edu/~jdm/ee590/EnergyConvert-
TransportTechnologies.pdf, 2006.

¥ GE, ”Advanced Technology Combined Cycle,” GER-
3936A, May 2001.

? McKinsey & Company, “Reducing U.S. Greenhouse
Gas Emissions: How Much at What Cost?” Executive
Report, December 2007, p. 43

NATURAL GAS

Natural gas and the energy industry have a very
large role to play in improving the efficiency of
residential, commercial and industrial
applications as well as electricity production;
and to enhance the opportunity for renewable
energy use throughout the nation. As described
in the energy efficiency section of this
document, natural gas can improve efficiency
and lower carbon emissions in residential and
commercial end-use and electric power
applications. There are also efficiency gains to
be made in industrial processes that currently
use natural gas.

Another opportunity for natural gas that has
been significantly deployed by several nations,
yet somewhat less by the U.S., is the expanded
role natural gas can play in powering medium-
and heavy-duty and fleet vehicles. (Highlighted
in Transportation section)

Expanded use of natural gas to improve energy
efficiency and reduce carbon emissions in end-
use and the electric power sectors (highlighted
in the Energy Efficiency section) coupled with
an increasing role for natural gas vehicles
(NGVs) can provide 1,221 MM tonnes in CO,
emission reduction.

The nation’s desire to improve efficiency while
simultaneously reducing carbon emissions is
timely because of the new technologically
available sources of domestically produced
natural gas from shale formations throughout
the U.S. These new sources of natural gas can
build the foundation for new energy efficiency
gains and dramatic CO, emission reductions.

These newly developed sources can easily
provide the additional 3.3 quads'® of natural
gas needed in 2030 to support the increased
role for natural gas to improve energy
efficiency, lower CO, emissions and fuel more
NGVs in the transportation sector.

0 GTI calculations, August 2009





Additionally, the opportunity exists for
renewable gases produced from livestock
manure, landfills and renewable biomass to be
transported through the natural gas delivery
system. This new role for renewable bio-gas
can revolutionize delivery of renewables to all
energy sectors and displace 10%'" of the
natural gas needed in the U.S. by 2030.
Renewable bio-gas can provide renewable low-
carbon options for residential, commercial, and
industrial customers as well as provide fuel for
electricity production and transportation
leading to 156 MM tonnes of CO, emission
reductions in 2030.

RENEWABLES

gas into the natural gas pipeline system
from renewable biomass, landfills and
animal waste (156 MM tonnes)

3. As discussed in the transportation section,
adding 30 billion gallons per year of bio-
fuels' for vehicles (109 MM tonnes)

NUCLEAR

Renewable energy can come from many
sources including wind, solar, hydro and
renewable biomass. Many think of renewables
as only a means to create electricity but the
opportunity exists to transform renewable
resources into liquid transportation fuels as
well as renewable bio-gas.

Below are outlined the means to reach
substantial reductions in national CO,
emissions through the expanded use of
renewables.

1. Adding 206 GW of renewable electricity
generation, including 116 GW of wind
energy, 80 GW of solarlz, and 10 GW of
hydropower"?, leading to 338 MM tonnes of
CO; reduction in 2030

2. As discussed previously, aldding14 2.9
trillion cubic feet (Tcf) of renewable bio-

1 GTI-9/0002
12 McKinsey, 2007, p. 19

13 EPRI, “Assessment of Waterpower Potential and
Development Needs,” Final Report, March, 2007

' This is not an unrealistic projection. The Oak Ridge
National Laboratory study, “Biomass as a Feedstock for
a Bioenergy and Bioproducts Industry: the Technical
Feasibility of a Billion-Ton Supply,” (April 2005),
projected that one-third of U.S. consumption of liquid
fuels could be displaced by bioenergy, or over 13 quads
per year.(ORNL/TM-2005/66).

Nuclear power plants produce no CO, during
their operation. This scenario assumes that
some new nuclear power plants will be built by
2030, that is:

1. Sixteen GW of new nuclear plalnts16 over
the EIA reference case, leading to CO,
reductions of 154 MM tonnes in 2030

TRANSPORTATION

This scenario also postulates major reductions
in emissions from the transportation sector.
These were previously outlined individually in
the Energy Efficiency, Renewable and Natural
Gas sections.

1. Tightened CAFE standards for light-duty
cars (up to 38 MPG) and trucks (up to 28
MPG), leading to CO, reduction of 165
MM tonnes in 2030

2. Production of 30 billion gallons per year of
bio-fuels from starchy and cellulosic
ethanol (109 MM tonnes)

3. Expanded use of natural gas to fuel
medium- and heavy duty vehicles'” and
smaller fleet vehicles'® !’ (25 MM tonnes)

' McKinsey, 2007, p. 19
'® McKinsey, 2007, p. 19

7 Natural Gas Vehicle Coalition,
http:// www.ngvc.org/pdfs/NGV AlssueBrief022309.pdf

' Transportation Energy Data Book: Edition 28-2009,
Chapter 7, Fleet Vehicles and Characteristics, www-
cta.ornl.gov/data/tedb28/Edition28 Foreword.pdf

" U.S. DOE Energy Information Administration, EIA
AEO98 NEMS, Table 3, LD Vehicle MPG by
Technology Type






As you can see from the whitepaper, an expanded role for natural gas coupled with efficiency and
renewables can provide a dramatic reduction in carbon emissions.

The scenario outlined in the whitepaper above does not include any deployment of carbon
capture and sequestration (CCS) technologies, meaning that if CCS deployment was added to the
scenario, additional and substantial carbon emission reductions would be realized.

Looking out to 2050, there is the potential for extensive CCS deployment and for the deployment
of small-scale residential CHP (fuel cell or other) systems providing hot water and electricity to
homes. The expanded use of these technologies coupled with the likelihood that all renewable
natural gas will be focused on residential use, because CCS will be available for natural gas power
generation, will result in lower residential emissions. In addition, major EE improvements will
occur in building envelopes along with the integration of residential solar; and when you add all
these factors together, direct use of gaseous fuels can be part of a 2050 US energy scenario in
which the 83% carbon emission reduction goals can be reached. This point is very critical when
looking at the overall USDOE technology review and what research and development to support
today and into the future.

Today — an expanded role for natural gas can bring about the largest reduction in carbon emissions
meeting future goals faster and at the lowest cost.

Today - natural gas can deliver the most efficient and lowest cost energy to homes and business —
heating our homes and water — lowering emissions and energy bills. Our national energy policies
and R&D funding need to reflect this opportunity and reality.

Today — natural gas power generation is low cost and is a minimum 50% cleaner than other fossil
fueled power generation. It is also much more efficient - with new combined cycle power plants
being up to 60% efficient and the development of new technologies continue to improve that
efficiency. USDOE’s Fossil Energy Program should support development of more efficient natural
gas power generation and CCS technology development for natural gas generators.

Today —natural gas power generation is best suited and lowest cost to partner with renewables
because of its ability to ramp up and down to support intermittent generation sources. More
natural gas power generation will assist with a robust expansion of centralized wind and solar
facilities - but proper regulations are needed to ensure this opportunity. FERC should investigate
how the natural gas system can support greater integration of intermittent generation resources
into the electric grid.

Today — Renewable natural gas projects from livestock manure and landfills — even though they
receive no federal incentives —are pumping carbon negative fuels into our nation’s pipeline
system delivering green gas to homeowners, vehicles and electric power facilities. These types of
projects could be greatly expanded as many European countries have already discovered,
delivering renewables throughout our energy sectors — if only Congress would pass laws providing
similar incentives like those received currently by renewable electricity and renewable liquid
transportation fuels. This is an inequity in our renewable energy tax code and should be rectified.
USDOE should also focus a portion of their renewable fuels development on technology that
produces renewable natural gas from woody-biomass and other renewable energy sources.





It is time for Congress and the President to ensure natural gas is not left out when developing
energy R&D policy. Currently almost no federal funding is provided for natural gas R&D and
technology demonstration. The proposed USDOE budget provides nothing for natural gas
vehicles, efficiency improvements for natural gas power generation or home appliances, efficiency
for natural gas commercial cooking, natural gas carbon capture, renewable natural gas technology
or development of hybrid solar natural gas technologies for energy intensive businesses.

It is suggested, by some, that funding for natural gas technologies is somehow a subsidy for fossil
fuels yet the proposed fossil energy budget of over $400M is all for carbon capture and
sequestration from coal fired generation — not for gas generation - and the USDOE Buildings
program focuses almost all of it non-renewable funding on electric appliance and building energy
efficiency yet 67% of electricity is produced from fossil fuels, 43% of that being coal. It doesn’t
appear that development of more efficient electric appliances is considered a fossil fuel subsidy
and natural gas efficiency improvements for technologies to be utilized in homes, buildings and
businesses should not be either. It is time for Congress and the President to step up and support
funding for natural gas research and development and if there is a clean energy standard passed -
natural gas needs to be included.

Now let’s talk about the future. As shown in the whitepaper highlighted in this testimony, an
expanded use of natural gas coupled with renewables and energy efficiency could meet a 43%
reduction in our nation’s carbon emissions by 2030. This would be without any carbon capture
technology deployment.

Many have suggested that natural gas is a bridge to a clean energy future — It may be a
destination.

Many have suggested that a clean energy future is one of massive centralized power plants with
carbon and capture and sequestration and everything including home heating and transportation
powered by electricity.

There is a potentially a lower cost - higher efficiency vision of 2050, one that that should not be
discounted and here is what it might look like.

In the future — lower carbon based natural gas, because of the addition of renewable gas and
hydrogen, will be delivered to homes to power fuel cell systems that provide electricity and hot
water for homes. These homes will have the option to include hybrid solar systems providing
additional electricity and thermal energy to augment the homes’ other energy sources. This type
of system will ensure maximum efficiency of all energy resources.

Natural gas power generation with CCS will be the dominant source of electricity coupled with
centralized wind and solar facilities. This will provide the lowest cost and most efficient
production and delivery of renewable electricity. The gas and electric grids will be integrated into
a smart energy grid that realizes the synergistic connections between our nation’s natural gas
pipeline and delivery system and electric transmission and distribution systems. Fast ramping gas-
fired power generation will complement variable renewable resources to provide reliable and
secure electricity.”

20 GTI, Navigant, “Natural Gas in a Smart Energy Future,” GTI-11/0001, January, 2011, p. 11.
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Hybrid electric vehicles will dominate. The vehicles main energy source will be natural gas or bio-
fuels. Light duty vehicles will have a plug in option designed to provide a portion their range.
These vehicles may also have a fuel cell engines. The medium and heavy duty vehicle market will
be dominated by compressed natural gas, bio-fuels or liquid fuels produced from natural gas.
Many of these vehicles will have hydraulic hybrid systems.

Now this is only one vision — point being is that we can all propose or see a specific vision but it
may be just as important to understand what clean energy options we have today and ensure that
these options are improved - and not discounted - based on some potential, and yet uncertain,
vision of our future.

Because of the stated carbon emission reduction goal of the current administration, and for
reasons of national security, job creation and the opportunity to deliver low cost energy, the
USDOE should focus more of its R&D budget on natural gas technology development throughout
all sectors of the energy economy including, residential, commercial, industrial, power generation,
transportation and exploration and production.

Below is background on recent funding support of natural gas technology development by the
USDOE. Considering, the number one stated energy goal of the administration is the reduction of
carbon emissions, it is unclear why there is so little focus on natural gas R&D.

For R&D related to natural gas, a review of the combined budgets of EERE and Fossil programs
alone, show that in 2010, the U.S. Government provided a paltry estimated S80 million(3.5%), out
of an almost 52.3 billion total. It is clear that if the U.S. wants to support an expanded role for
clean burning natural gas, leading to improved energy independence, energy efficiency, job
creation and reduced emissions, additional R&D dollars are needed. These new natural gas
technologies could be utilized in all energy sectors including homes, businesses, manufacturing,
power generation and transportation; as well as to enhance reliability and safety of the natural gas
production and delivery system and to prepare the natural gas grid to transport other lower carbon
gases including hydrogen and renewable natural gas.

USDOE natural gas R&D funding information and observations

1. The S100M Industrial Technology Program (ITP) continues to be only program at USDOE
that focuses a portion of their budget on developing new more efficient technologies for
manufacturing. Many of these technologies will be powered by natural gas.

2. The approximately 5200 million Buildings Program at EERE has no specific program to
support natural gas technologies for homes and businesses even though approximately
70,000,000 US homes and businesses use natural gas. *

3. Approximately 60% of the 5673 million 2010 Fossil Energy budget for research and
development was appropriated for coal, while only 2.5% was directed to natural gas.

4. During 2010, coal accounted for 22% of the country’s primary energy use while natural
gas represented 25% of the county’s primary energy use. It would be fair and prudent
to spend comparable R&D funding for natural gas within the fossil energy program.22

2l A.G.A. “Gas Facts: with 2008 Data”, Tables 8-2 and 8-3.

22 hitp://www.eia.gov/oiaf/aco/tablebrowser/#release=AEO201 1 &subject=0-AE0201 1 &table=2-AE0201 1 &region=1-0&cases=ref2011-d120810c
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5. The ARRA spending stimulus provided $3.4 billion to the Fossil Energy Program. All was
spent on coal.

6. Currently natural gas vehicle (NGV) R&D at USDOE is 55 million dollars and electric
vehicle R&D is approximately 5128 million.

To reiterate, while a portion of the funding proposed in the Industrial Technology Program at
USDOE will likely be spent on natural gas technology, the current USDOE budget proposed by the
Administration has no specific money outlined for natural gas technologies, even though these
technologies strongly and directly support the number one stated energy policy objective of the
Administration.

The second stated energy goal of the Administration is:
e Supply 80% of America’s electricity from clean energy sources by 2035

Response:

This goal is unclear as it does not delineate a specific metric or definition to measure what is clean.
The first goal, however, suggests a metric of carbon emission reductions; is one to infer this will be
the metric here? What about criteria pollutants or mercury? Should they be considered as well?

Clean is a subjective term, however, recent information from the White House would suggest that
many energy sources are on the table, including natural gas, nuclear and clean coal (undefined),
and all renewable sources.

So if the goal includes most everything, and carbon may be the metric, then continuing research &
development activities in the areas of wind, solar, natural gas, nuclear and hydro along with
renewable bio-mass sources continue to be applicable.

An important point in looking at renewable power generation now and into the future, is that it is
more energy efficient to convert carbonaceous materials like woody bio-mass directly into
renewable natural gas and then deliver this product through our nation’s pipeline system, to be
used in the most efficient natural gas combined cycle turbines, than it is to burn wood in
traditional boilers to make renewable electricity directly.

Wood resources are important to many industries, and using those resources most efficiently to
meet any state or future Federal renewable electricity mandates is critical. The efficiencies of
making renewable natural gas first, and then powering combined cycle natural gas facilities
compared to co-firing coal with biomass or using biomass in traditional electricity producing
boilers, can improve the overall conversion efficiency of feedstock to electricity by up to 65%.

Additionally, during the conversion of biomass to pipeline quality gas, when utilizing gasification
technologies, all carbon dioxide produced, that does not go into the end product (pipeline quality
gas) is captured and ready for sequestration or to be used in processes like enhanced oil recovery.
This type of operation can be carbon negative and can lead to an opportunity for substantial
carbon emission reductions.
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In the areas of fossil fuel generation, we believe that carbon capture and sequestration R&D
should include RD&D for natural gas power generation, particularly CCS for combined cycle natural
gas turbines. The USDOE’s own analysis suggests that natural gas plants with CCS will use less
water, create less criteria pollutants and be less costly than coal fired plants with CCS.

While the cost for gas powered generation with CCS may be lower than coal with CCS, it would still
be much higher than existing natural gas fired generation and it would be wise for the Fossil
Energy program budget to include some funding for CCS for natural gas power generation. New
carbon capture technologies are in the development stage. These technologies have the potential
to reduce the cost of CCS for natural gas power generation by 35%. This type of technology
development and demonstration should be supported by the USDOE.

Also, since immediate carbon emission gains can occur by switching from coal to gas powered
generation, R&D funding within the Fossil Energy budget should, in part, be focused on improving
the efficiency of natural gas turbines which could provide energy efficiency gains throughout the
electric delivery system along with further CO2 emission reductions. Energy efficiency in this case,
and all cases, should be considered from the beginning of the energy production cycle through
final delivery and use of the energy product.

Currently, the USDOE has focused what it calls its “Smart Grid” Initiative through the office of
Electricity and Energy Reliability. These efforts are touted as a means to make our “Energy Grid”
smarter to improve efficiency, develop the opportunity for two way communication between the
consumer and other technological advances to the electric grid.

This is important, but if the ultimate goal is to have a “Smart Energy Grid” then improving (making
smarter) the interaction between our natural gas pipeline system, natural gas power generators
and intermittent sources of electricity like wind and solar will be critical to meet the goal of an 80%
clean energy grid by 2035.

As an example, electricity driven pipeline compressor stations, during an electric power outage can
impact the natural gas pipeline system, which can further decrease the reliability of the electric
grid, because of the potential for natural gas delivery disruptions to electric generating stations.
With increased amounts of intermittent energy supplies like wind, natural gas deliveries may need
to be increased, with short notice, to provide more power for natural gas electric generators. Is
there a need to develop smarter communication to increase gas delivery to electric generators
when the wind is not blowing? These are just two examples of the interdependence between the
gas delivery system and the electric grid. In arecent study23 it was similarly found that “tighter
integration of natural gas with electricity could also have an important effect on the reliability of
electricity service to consumers.”

z GTI, Navigant, “Natural Gas in a Smart Energy Future,” GTI-11/0001, January, 2011, p..21
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As stated in “Natural Gas in a Smart Energy Future"?* achieving a clean energy future, where

natural gas is a key component, will require a number of near term actions related to policy,
technology development, and implementation of capabilities in each of the energy sectors.
Regarding R&D, the report recommends:

¢ Include natural gas in advanced metering infrastructure development to optimize common
infrastructure, interoperability and cross-compensation among all utility infrastructures
including electricity and water;

e Ensure that future federal funding programs including Smart Grid encourage and allow the
use of funding for dedicated natural gas projects and combined electric/natural gas projects;

e Develop a technology roadmap for natural gas in a smart energy future, including critical
input from a broad group of stakeholders and the energy technology R&D community;

* Increase federal/provincial funding for basic as well as applied research in natural gas safety
and reliability and smart energy infrastructure technology; and

e Establish a federal/provincial public-private research, development and deployment program
for natural gas similar in size to the electric Smart Grid programs that includes component
and system suppliers.

USDOE is spending the entire budget of the Office of Electricity and Energy Reliability on electricity
issues while overlooking the integration of our natural gas pipeline infrastructure with the
electricity system. This issue is a key area of R&D for the second part of the office’s title, “Energy
Reliability”.

Energy reliability is not just about the electric grid but about a host of other issues and factors
which include the role of distributed generation, communication between pipelines and
generators, smart natural gas meters, as well as a much deeper understanding of the role that
natural gas and other fuels and technologies will play in providing firming and enhancing capacity
factors for intermittent energy resources like wind and solar.

USDOE’s office of Electricity and Energy Reliability should develop a program that will provide
funding to support the modernization and technology development for the entire “energy grid”
not just the electric energy grid. This effort will help accomplish the Administration’s goal of
reaching 80% of America’s electricity coming from clean energy sources.

The Third Goal of the Administration is to
e Support deployment of 1 million electric vehicles (EVs) on the road by 2015
Response:

While the first two goals offered by the Administration, could be debated on an organization’s or
individuals point of view, they are strategic in nature. The third goal offered is very tactical and is

* GTI/Navigant, IBID, p. 23
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about picking and supporting a specific winner in the market place. USDOE has specifically stated
that it is not government’s role to pick winners in advance, but to create technology options,
allowing the private sector and the free market to determine which technologies will “win.”

This goal appears out of place considering that it will do little to support the first or second
strategic goal outlined by the Administration and it creates market distortions by supporting only
one technology that may not be the most cost effective or even the cleanest.

One million EV’s, considering the carbon footprint of the electric grid in 2015, and the relatively
small amount of carbon produced by compact light duty vehicles annually, means this effort will
produce little or no reduction in carbon emissions, depending on which life cycle analysis you
consider; especially if the electricity is produced primarily from coal-fired power plants without
CCS.

Additionally, deploying a product that may not be ready for the market place or have widespread
acceptance by the consumers, can backfire. You only have to go back to the 1980’s and 1990’s to
consider the debacle of methanol in California, and the unrealized promise the electric car.
Electric vehicles in the 1990’s were not accepted because of the issue of range and infrastructure.
Methanol was found to leak into groundwater supplies so that eliminated the fuel from
consideration in California.

Natural gas vehicles also had some difficulties in the 1990’s and yet have gained world-wide
acceptance. This is in part, because technical issues have been solved, and business leaders, who
understand the connection between infrastructure development, fuel savings, and how to put the
entire package together for medium and heavy-duty vehicles, have moved into the market place.
This market continues to grow and is gaining consumer acceptance especially for high mileage,
centrally fueled fleets.

Currently, electric vehicles still have very limited range as well as a major lack of infrastructure. It
is still unclear, what type of impact electric vehicles may have on the electric grid regarding
investments needed if major deployment was realized. Also considering the relatively inefficient
delivery of electricity in this country for energy source conversion at the power plant to the plug,
electric vehicle life-cycle efficiency is in question.

Considering all these issues, this goal is not strategic, will not assist in meeting the number one
stated goal of the Administration to reduce carbon emissions, thus we recommend this goal be
eliminated as a goal by the Administration, or broadened to include NGV’s and other alternatively
fueled vehicles, with the stated goal of reducing emissions and reducing our dependence on
imported oil.

If the Administration believes that electric vehicles may play a major role in the future
transportation needs of our country, then we recommend that they focus their efforts on R&D to
improve batteries, vehicle platforms and charging technologies. This can lead to improvements in
the technology which may eventually make EV’s more acceptable to the marketplace leading to a
much better opportunity for consumer acceptance.
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Major deployment efforts of technologies not yet ready for the market place can lead to negative
consumer attitudes which will make it more difficult for future acceptance once the technology is
in a better position to be competitive. This can lead to exactly the opposite outcome for which
the Administration is looking.

If the Administration is looking to support a major push of alternatively fueled vehicles that can
lead to carbon emission reductions, high efficiency on a “well to wheels” basis, are powered by
domestically produced fuel and are growing in acceptance especially among large fleets, it would
be well served to support the deployment of natural gas vehicles.

Comments on Quadrennial Technology Review from GTI, A, B, D,E&F

A. DOE Energy Technology Mission: “To facilitate the invention, refinement, and early
deployment of meaningful technologies that enable options for scaling by the private
sector toward nation energy goals”, appropriate for energy technology development and
deployment programs by the Department.

Response:

This statement is reasonable as a mission for technology development for the USDOE. One
caution regarding the term “early deployment”: The Federal Register information provided for
these comments defines early deployment as “supporting some activities beyond first commercial
demonstration. “

Later in the Federal Register Information it states that when USDOE works to “enable options” it
specifically does not mean that it is picking winners and losers: the market makes those choices. If
“early deployments” supports some activities beyond first commercial demonstration then these
two statements appear to be mutually exclusive.

It would be best for USDOE to focus funding on activities through commercial demonstration and
not beyond, thus not getting into the business of picking winners and losers. USDOE funding
demonstrations of technologies should have the effect of attracting private capital to move
forward with commercialization and marketing. While the USDOE should support some limited
commercialization activities by potentially funding development of information and other means
to publicize the development of new technologies, it should not directly provide funding for
widespread deployment of technologies that it deems more important to our national energy
goals.

These goals may not be viewed the same by members of Congress, other policy makers or the
marketplace, and that is why it is best for USDOE to focus on research, development and
demonstration with little activity reaching into the mass deployment phase.

B. U.S. Energy Framework: USDOE has identified six strategies to address our National
energy goal. These strategies divide into two trios: One for transport, and one for
stationary energy (heat and power). The transport strategies are (1) increase vehicle
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efficiency, (2) promote progressive electrification of the vehicle fleet and (3) develop
alternative fuels. The stationary strategies are (4) Increase Building and industrial
efficiency, (5) modernize the grid and (6) drive adoption and deployment of a clean
electricity supply. Have we correctly structured these six strategies?

Response:
Strategies for Transport:

(1) Increase vehicle efficiency

Increasing the efficiency of vehicles is a reasonable and important goal in moving our nation to
improved energy independence and lower emissions from vehicles. An important factor in
achieving this goal is that the fuel source, and its life cycle efficiency of delivery to the point of
being placed into the vehicle, should be part of the equation when looking at vehicle efficiency. A
very efficient vehicle could operate on fuel that was produced very inefficiently. This does not
accomplish the goal of overall energy efficiency and could increase overall energy consumption
and emissions.

(2) Promote progressive electrification of the vehicle fleet

Comments provided earlier in this document address some of the pitfalls of striving to electrify the
fleet. The word promoting seems out of place here. Is the goal to increase the energy capacity of
batteries, improve the operation of charging stations or develop hybrid electric platforms for
heavy duty-vehicles? We again warn against the impulse to pick a solution more suited for a
potential future energy scenario which does not exist, may never exist and might not be the best
energy future anyway. We suggest dropping this goal, as it is picking a specific selected winner
and replace it with the goal “Develop and improve alternative fuel vehicle platforms and
systems”.

(3) Develop alternative fuels

This goal should include specific fuels types when considering the development of bio-fuels.
USDOE should concentrate its programs on developing drop-in renewable replacement fuels for
gasoline, diesel, and natural gas. These are the dominant fuels in the United States and all can be
created from renewable feedstocks. A program focused on producing renewable versions of these
fuels would not only support the transportation sector but would include direct fuel use for homes
and businesses and for the electric power sector.

It is already feasible to create these fuels from renewable feedstocks but more research and
development needs to be done to lower the cost of making renewable versions of these fuels. The
USDOE should focus on research and development to create renewable versions of these fuels so
that existing infrastructure can be utilized to deliver renewables to the consumer much like
renewable electrons have been successfully integrated into the electric delivery system.
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Stationary strategies:

(4) Increase building and Industrial efficiency.

For this goal to be meaningful, life cycle energy analysis must be considered for the best
understanding of specific technology solutions developed. In the residential and commercial
sectors concentrating on building envelope issues will increase the efficiency of structures
regardless of the energy fuel mix. When developing R&D programs for appliances with multiple
fuel options a full fuel cycle analysis should be practiced to gain desired efficiency and emissions
results.

Within the industrial efficiency program, industrial processes should be the focus, because they
are where the greatest efficiency gains can be made. Developing the next generation technology
to produce glass, aluminum, steel and to perform heat treating processes are critical. Both
breakthrough and incremental improvements of processes should be supported. The industrial
program should concentrate on the entirety of manufacturing businesses, not skewed towards
one specific industry, though the energy intensity and impact on employment should be
considered when directing resources.

(5) Modernize the Grid

The Grid should be defined as the entirety of the energy delivery systems in the US and specifically
should include the delivery and distribution system for natural gas. To only focus on the electric
grid could potentially create an imbalance where one system is modernized and the other is
lagging. Since it is clear that there are many key synergistic connections between the two energy
delivery systems, an approach which just modernizes the electric grid without looking at other
energy delivery systems, could create catastrophic consequences including, blackouts, uneven
power, inadequate ability to integrate intermittent renewable electricity sources into the grid and
high energy prices for consumers. The USDOE should immediately develop a roadmap to focus
some of its resources in the Office of Electricity and Energy Reliability to support a more holistic
view and approach to energy reliability. A view that recognizes that energy reliability must
address the entirety of our nation’s energy delivery system.

(6) Drive adoption and deployment of a clean electricity supply

This goal is unclear, as noted earlier in this testimony. Without metrics included how can a goal
be defined or reached? How can you say you have reached your goal? Putting this issue aside
and looking at the number one goal brought forth in the Quadrennial plan, which is the reduction
of carbon emissions, the Fossil Energy program at USDOE should not only focus on carbon capture
and sequestration (CCS) for carbon emissions created from coal, but should also focus a portion
their resources on:

Increasing the efficiency of power generation from natural gas and coal

Demonstration projects for natural gas power generation carbon capture technologies

c. Augment the existing Section 999 program with additional funding focused on developing
new technologies and processes to ensure the safe, environmentally benign, and reliable of
extraction of natural gas from shale formations

o o
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Environmental research to support continued development of natural gas from shale formations is
critical to this country’s ability to use this domestically available, clean energy resource. And yet
DOE’s natural gas R&D budget has been zeroed out.

(C) We are not responding to C

(D) What principles should the Department follow for allocating resources among
technologies of disparate maturity and potential time to impact?

1. What should be the criteria for including a technology in the DOE portfolio? What
should be the criteria for removing a technology from the DOE portfolio? How
should programs be structured and managed to accommodate entry and exit of
technologies within the DOE portfolio?

2. How do we balance the diversity of technology options the Department could
provide for the private sector against timeliness, scale, and cost-effectiveness?

3. How can DOE be more effective at each stage of the innovation chain?

4. What are useful metrics to guide DOE technology activities?

Response:

GTI believes that a portfolio of technologies of different maturities, available in different time
frames, and across market sectors should be supported by the Department.

In terms of technology goals, GTI endorses having both cost and performance (efficiency,
reliability, durability) goals. “Stretch” goals that challenge the research labs and technology
developers are preferred. “Easy” goals, while achievable, may divert the research efforts from
needed technology development.

However, in terms of breakthrough research versus technology development, while it is important
that ARPA-E and Basic Energy Sciences focuses on breakthrough research, it is important that
critical technology gaps be addressed by EERE, Fossil, and the more applied RD&D programs. So
the focus should be change in technology (efficiency, cost) and potential market impact rendered
by the R&D, not whether or not it is “breakthrough.”

For instance, many of the technologies that GTl and DOE developed for unconventional gas
development, including hydraulic fracturing, 3-D seismic, and horizontal drilling, could be
considered “incremental” rather than breakthrough. However, the synergistic effect of these
technologies combined was to double the U.S. natural gas technically recoverable resource base in
less than two decades.

Similarly, the GTI development of the first fully condensing furnace in the early 1980s’pushed
home furnace efficiencies from 60% to over 90%. While the technology was not breakthrough, the
market impact was. Over 25% of furnaces sold in this country today are fully condensing, as are
75% of the furnaces sold in cold weather climates like Wisconsin. In the 1990’s, GTlI and DOE
development of the Vertex 90% efficient tank-based water heater, while not “breakthrough”,
created a huge shift in gas water heater efficiency moving it up from 55%.
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When to declare victory? The technology needs to be carried through to commercialization, with
assistance provided regarding regulatory and market barriers when appropriate, so that the
private sector can then proceed with market deployment on its own. The previously mentioned
Vertex water heater has not achieved full market penetration. Why not? Is it first cost? Venting
issues or the need for larger gas pipe in the home or the lack of vendor knowledge of the
technology? It is likely all of the above; and these issues can be address by demonstration and
education funding.

Can hydraulic fracturing of the gas shales use Fossil R&D funding to address critical environmental
concerns? Yes, it can. Will it benefit the nation? Yes, it will help provide a 100-year plus supply of
domestically produced natural gas to U.S. consumers.

(1) Criteria should include energy savings, reduced environmental impacts (emissions, water, and
land impacts), enhanced national security, and U.S. jobs creation potential. Air emissions should
include criteria pollutants and greenhouse gases. Emissions calculations should include “full fuel
cycle” analysis, from wellhead to burner tip, or coal mine to power production, including
transmission and distribution losses, to end-user energy use. Advanced technologies should not
be considered in a vacuum, but against their most likely competitor.

Enhanced national security means less dependence on foreign sources of fuel, particularly oil, and
more use of domestic resources, like domestically produced natural gas.

Jobs creation potential should include manufacturing, energy production, transmission, and
distribution, installation, and maintenance of end-use equipment. Direct and induced jobs should
also be included.

(2) It is important that the Department be “fuel neutral” and continue to offer the residential,
commercial, and industrial consumer the choice of technologies across fuel types. For instance,
the focus on electric vehicles, without offering similar emphasis to natural gas vehicles (NGVs), is
one-sided and ignores the potential for reduction in oil-use by utilizing a domestically produced
resource.

Similarly, in the Buildings sector, the focus on electric heat pump water heaters ignores the
potential for condensing tankless natural gas water heaters, with efficiencies of over 90%, or gas
heat pump water heaters, with efficiency factors of 1.5 (150% efficiency equivalent).

While ground source electric heat pumps are being developed, minimal funding is being provided
gas heat pumps (GHPs) for heating and cooling. Only one unit, funded by DOE, has reached the
market in Arizona and Nevada, a “warm weather” version not hardened for our northern winters.
Department funding of GHPs with heating efficiencies above 150% and cooling efficiencies of up to
120% can lead to major changes in home energy use, and reductions in peak electric loads.

(3) The Department needs to ensure that the “hand off” of technologies between basic and
applied research, or between technology development and product development, is not a “toss
over the fence” approach. Manufacturers, R&D organizations, utilities, and end users need to be
brought into the previous RD&D stage efforts before that work is completed to ensure a smooth
transition. For instance, 75% of the cost of a product is embedded in the conceptual design. If a
potential manufacturer is not involved in applied research or technology development phase, then
manufacturing and assembly costs can become “locked in” before the private sector has a chance
to examine the technology for manufacturing, assembly, and installation.
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(4) See “(1)” above for useful metrics.

In one of the referenced documents, the Department indicated that it would work on technologies
that had a one quad impact or more. This is short sighted, as many important residential and
commercial technologies can impact the way millions of customers use energy. For instance, a
90% efficient fully condensing (tank-based or tankless) gas water heater compared to today’s 55%
efficient tank-based water heaters can save almost 10 MMBtu per household, about 12% of
natural gas use on average. Yet, even applied to 10 million homes, the total market impact is 0.1
quads per year. Yet it results in a 12% reduction of gas use per household! Is this not a
worthwhile goal?

(E) What are the optimal roles for the private sector, government laboratories, citizens and
academia in accelerating technology innovation?

1. How can DOE best coordinate activities between and among these types of
organizations (including the wide variety of institutions within each class)? How
should we gauge the effectiveness of this coordination? How can the basic-applied
coupling be optimized? Are there examples in other sectors or other countries that
can serve as models?

What are the design principles for an effective ‘technology user facility’?

How can the Department best gather technology market information? How can
information on private sector innovation be captured without compromising
competitive advantage?

W N

Response:

(1) Itis very important that the Department take advantage of working with membership-based
non-profit RD&D organizations like GTl and EPRI that have been created by private industry
segments. Itis the surest way of developing the technology in partnership with the private sector,
and in disseminating the results of the R&D out to the market place. These organizations also
provide a link to other groups like the National Association of Regulatory Utility Commissioners
(NARUC), which provides a tie to the utility regulatory segment.

(2), (3) - no response
(F) What are principles and best practices in performing large-scale demonstration projects?

1. How close to commercial viability does a demonstration have to be? What are the
optimal cost sharing arrangements? How might demonstrations be coordinated with
DOE financing activities?

2. How can demonstration projects better benefit all stakeholders beyond the
immediate participants? How are lessons-learned best captured and promoted, and
how is intellectual property best handled?

3. How should DOE determine whether demonstrations adequately address technical
and operation risks?

4. What defines failure or success in the demonstration phase?
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Response:

(1) Small scale demonstration, which should be measured by overall cost, can be further away
from commercial viability and still receive USDOE funding. Large-scale demonstrations which can
cost tens or hundreds of millions of dollars should be very close to commercial viability.

For large scale demonstration projects the current requirement of 50% cofunding is suitable. For
smaller scale demonstration projects, for technologies not as close to commercialization, 20%
cofunding should continue to be the rule.

Those large-scale demonstration projects, which receive USDOE grant funding, should also be
eligible for USDOE low interest financing.

(2) Intellectual property should be stay in the hands of those performing the research and any
agreement regarding intellectual property should be made between the participants.

(3) USDOE project managers should investigate the technical, operational and market issues
before funding a specific demonstration project so as to have a complete understanding, after the
demonstration is completed, as to whether or not the demonstration has moved the technology
adequately towards commercialization.

(4) It is not a matter of success or failure but understanding whether or not additional RD&D
activities are needed and knowing if this technology has an opportunity to be successful in the
market.

As with other Department programs, it is important that the portfolio of demonstration projects
be “fuel neutral.” In the discussion of Carbon Capture and Sequestration (CCS), the referenced
documents talked almost entirely about the need for coal-based CCS demonstrations. Yet, for the
nation to achieve an 83% reduction in GHG's, it is critical that natural gas combined cycle turbine
(NGCCT) plants, with over 50% efficiency, also be able to use CCS. Yet, no demonstrations are
planned by DOE for NGCCT systems. With their smaller CO2 streams, these demonstrations are
critical for commercialization of this technology.

(G) A number of non-technical barriers—including federal, state, and local regulations,
market failures, and non-technical risks—impact the rate of deployment of energy
technologies. What, if any, role should the Department have in addressing these barriers?

Response:

The demonstration and deployment phases of RD&D should be designed to address market
failures (e.g., renter/landlord issues), regulatory barriers (environmental, other), and
infrastructure issues that fall between market participants.

As mentioned above, the need to address environmental concerns related to development of the
gas shale resource is critical to the full utilization of this domestic, clean energy resource.

For buildings, interior gas piping and venting issues inhibit deployment of some of the higher-
efficiency condensing technologies, and need to be investigated. This is one of the infrastructure
issues that is not within the purview of the utility or the equipment (appliance) manufacturer, but
can result in a failure to fully commercialize the technology.
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The role of the USDOE should be to investigate potential market barriers and develop educational
materials and activities to draw attention to these obstacles, so that stakeholders and regulators
can have an impact on their removal.
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| apologize for missing the comment period, but am nonetheless offering the following
thought for consideration in the QTR. This comment applies most closely to question 3,
regarding principles the department should follow, but is really more about organization
than about implementation.

| have spent some time working with staff in the applied technology offices on R&D
management, which was at times very frustrating. There's one particular example that |
think best highlights the organizational deficiency of the technology offices as a
research funding organization: the annual progress reports, lists of publications,
technical reports, etc., produced by the research funded by DOE are not available in
any centralized location, and in many cases are not available at all. While | was sitting
in DOE HQ | could easily find out who NSF was supporting doing any particular type of
energy technology research, what they had produced over the last 5 years, etc., but |
could only get that info from my own office if | could identify the relevant program
manager, get them to return my e-mails, and if they could find it on their hard
drive...This is clearly a lost opportunity to do lots of good things, and since it's a problem
that's already been solved by the other major federal R&D funding organizations, it
really should have been done at DOE long ago. Why hasn't it?

My take is that this glaring omission, and my own inability to make progress on
addressing it during my brief time at DOE, is a direct consequence of the fact that
there is almost no inter-digitation between the politicals and the career folks, at least in
the applied technology offices. The political appointees and their staff are the ones who
have the power and influence to institute significant operational changes, but typically
don't have the institutional knowledge or long-time horizon necessary to actually
implement them effectively. A high level 'research council', or something like that,
composed of career staff but working closely with the leadership, would be the logical
place to take ownership of the operational and organizational structures that are
required to make the R&D enterprise run effectively. Such a structure would also give
DOE a chance of having some continuity between administrators and administrations,
because in many cases it's really not that hard to get agreement on much of what
constitutes good R&D management.

Sincerely,
Jeffrey S. Urbach

Jeff Urbach

Professor, Department of Physics

Co-Director, Program on Science in the Public Interest
Director, Institute for Soft Matter Synthesis and Metrology
554 Reiss Science Building

Georgetown University, Washington, DC 20057

(202) 687-6594
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The Geothermal Exchange Organization (GEO) respectfully submits the attached comments in
response to the U.S. Department of Energy’s Quadrennial Technology Review Framing
Document, published in the Federal Register March 14, 2011.

GEO is a non-profit 501(c)(6) trade association representing the interests of the geothermal heat
pump industry. Geothermal Heat Pumps (GHPs) use the earth’s renewable energy, just below the
surface, to heat or cool a building and to help produce domestic hot water, with efficiencies of up
to 400% compared to fossil-fuel systems. The U.S. Environmental Protection Agency has said
GHPs are, “the most energy-efficient, environmentally clean, and cost-effective space
conditioning systems available today.” GHPs can dramatically increase building energy use
efficiencies.

GHPs, which are a renewable and clean energy source, are manufactured by 27 companies in the
United States and installed by American workers. Installation of the GHP energy transfer
component (the underground loop) creates additional well-paid jobs not found in the
conventional Heating, Ventilating, Air Conditioning (HVAC) industry.

The Geothermal Heat Pump Industry is still nascent, with less than a five-percent market
penetration for new building construction. Economic subsidies, both public and private, are
helping to increase GHP market share but several barriers to industry expansion still exist. In
consultation with the GHP industry, DOE has identified six primary market barriers:

¢ Consumer awareness and confidence in the technology;
High Initial, or "First," Cost, primarily due to underground loop installation;
Need to ramp-up qualified design and installation infrastructure;
Need for builders, developers, realtors, lenders, and appraisers to value energy savings;
No strong industry voice; and,
No "Home" program at DOE.

The GHP industry has effectively addressed the fifth barrier with its support of GEO during the





past year as the new Voice of the Geothermal Heat pump Industry. We are now working on
strategies to effectively reduce—and ultimately remove—the remaining barriers and increase
GHP market share.

With the help of DOE, geothermal heat pumps have the potential to foster significant reductions
in electricity consumption and the use of fossil fuels nationwide, helping to achieve other
relevant policy and societal goals. With improved technologies and increased public awareness,
GHPS can quickly become the consumers’ renewable technology of choice, paving the way for:
Efficiently lowering energy costs;

Reducing pollution and greenhouse gas emissions;

Creating well-paid, permanent jobs;

Generating new tax revenues at all levels;

Expanding the U.S. manufacturing export base; and

Helping to enhance National Energy Security.

1) What do you think of the following mission statement for DOE energy research?
To facilitate the invention, refinement, and early deployment of meaningful technologies that
enable options for scaling by the private sector toward national energy goals.

GEO agrees with and supports DOE's mission statement (above), and notes that several qualities
inherent to Geothermal Heat Pumps (GHPs) are captured by it, including terms such as
invention, refinement; early deployment; meaningful technologies; scaling by the private sector;
and foward national energy goals. All are vital components of the many benefits of GHP
development and installation.

The technologies used in the production of GHPs are American inventions which are under
continual refinement to produce ever greater cost and energy efficiencies. Even so, it must be
recognized that the GHP industry is still in an early stage of development in terms of cost
reduction (primarily underground loop installation); measurement of operations and efficiencies
over time; and consumer acceptance and market share.

GHP systems are meaningful technologies from both an energy efficiency as well as a renewable
energy standpoint. They are scalable in nature, so can be used in small residential building up to
large commercial structures for government, commerce and industry. GHPs are poised to play a
critical role in national goals of reducing energy dependence; limiting the environmental impacts
of energy production; and increasing U.S. competitiveness in the world marketplace.

2) How can DOE activities best support U.S. leadership in clean energy innovation? In
clean energy manufacturing? In clean energy deployment? How do we balance
international competitiveness against international cooperation?

To support the efforts of U.S. leadership in clean energy innovation, DOE should be involved in
the debate over a Clean Energy Standard (CES) for the United States. In doing so, we hope that
DOE will recognize and promote the unique contributions that GHPs could make if such





sweeping legislation were to become law.

GEO believes that to help meet its environmental, economic and security goals, CES legislation
should recognize GHP demand-side thermal renewable energy technologies. If CES legislation is
passed into law, inclusion of GHPs on a megawatt to thermal basis could be beneficial to
utilities, because GHPs present few cost problems, permitting concerns or liability issues. GHPs
could help utilities earn CES credits while reducing carbon emissions from displaced fossil-fuel
combustion. GHPs are a cost-effective way to help utilities meet obligations under any potential
CES.

According to DOE, 39% of total U.S. energy use is devoted to heating and cooling of buildings.
GHPs are a distributed energy source, available for every home and business, eliminating the
need to build new electric transmission systems. GHP thermal energy is available on-peak 24
hours per day, 365 days per year in every State.

Finally, we believe that DOE should embrace GHPs as a stand-alone component among their
various programs. In doing so, the agency could better assist the GHP industry in overcoming
price and technological barriers, while helping to fulfill its twin goals of increasing clean energy
manufacturing and deployment in the United States. The GHP industry already has a significant
export business that could only be increased by the positive contributions of DOE in raising
efficiencies and reducing costs of its products.

3) What principles should the Department follow for allocating resources among
technologies of disparate maturity and potential time to impact?

GEO believes that DOE should not only look at emerging energy technologies for their portfolio,
but at technologies like GHPs that have passed the emergent stage, but still face significant
hurdles to widespread and beneficial adoption (see above).

For GHPs, that means providing an independent Geothermal Heat Pump Technologies Program,
funded adequately to support its headquarters and regional office teams, plus research at Oak
Ridge and the National Renewable Energy Laboratory (NREL) as well as selected institutions.
Current metrics for evaluation of projects are suitable for most GHP applications.

With a program that better allocates limited research and development dollars, GHPs could more
quickly gain market share and help the United States meet a variety of societal and policy goals.

4) What are the optimal roles for the private sector, government laboratories, citizens and
academia in accelerating technology innovation?

GEO would like to see a firm partnership of industry with DOE and the national laboratories,
which recognizes the contributions of each and naturally leads to optimization of the work and
product. A dedicated program and personnel who can effectively provide shared leadership and
refine inputs for targeted results can accomplish the goals of cost reduction and data collection
technologies. Both will ultimately help raise consumer confidence and increase GHP
deployment.





Oak Ridge has traditionally led DOE research and development standards for GHPs; NREL's
recently formed geothermal program has expressed great interest in working with the industry.
One idea is "Smart Box" technology attached to installed systems (with owner consent) that over
time would record and confirm GHP cost and efficiency claims. The ultimate goal of such a
project is to build consumer trust, thus helping expand the market reach of GHPs.

5) What are principles and best practices in performing large-scale demonstration
projects?

a) How close to commercial viability does a demonstration have to be? What
are the optimal cost sharing arrangements? How might demonstrations be
coordinated with DOE financing activities?

b) How can demonstration projects better benefit all stakeholders beyond the
immediate participants? How are lessons-learned best captured and
promoted, and how is intellectual property best handled?

c) How should DOE determine whether demonstrations adequately address
technical and operation risks?
d) What defines failure or success in the demonstration phase?

The primary risks faced by energy decision-makers are the uncertainty of the operational
performance of chosen energy infrastructure and the application of existing regulatory structure
to emerging technologies. Demonstration projects can better benefit all stakeholders by
incorporating and disseminating operational and performance metrics for each project. While
numerous GHP demonstration projects have been accomplished in the past by DOE and the GHP
industry, no centralized database of post-installation system performance has been made
available to facility decision-makers or regulators. Demonstration projects should incorporate
requirements for extensive collection and analysis of actual system performance and assessment
of associated regulatory issues. Widespread dissemination of results of demonstration projects
benefits all stakeholders beyond the immediate participants, and the Internet provides an efficient
and effective media for communicating with a broad audience via publication of case studies.

Demonstration projects should be selected on the basis of the cost/benefit ratio of a technology in
furthering the goal of DOE to accelerate the transformation of the nation’s energy system to meet
the challenges of Energy Security, U.S. competitiveness and environmental impacts. For
example, the Oak Ridge National Laboratory report on Geothermal (Ground-Source) Heat
Pumps: Market Status, Barriers to Adoption, and Actions to Overcome Barriers concludes that
“GHPs have the potential to offset about 35 to 40 percent of the projected growth in building
energy consumption between now and 2030.” Those benefits would enhance energy security by
displacing foreign energy imports and decentralizing U.S. energy infrastructure with distributed
renewable geothermal energy located at each building site. U.S. competitiveness would be
promoted by expanding U.S. manufacturing capacity of technology that is rapidly being adopted
by other nations, and environmental impacts would be mitigated by reduced greenhouse gas
emissions and avoidance of significant electric transmission system expansion.

Assessment of the benefits of demonstration projects should include their contribution to the
expansion of design and installation infrastructure. For example, large GHP demonstration





projects at federal facilities have alerted federal facility managers and engineers to technology
that provides them with tools to meet their mandates for renewable energy and energy reduction.
The Federal Energy Management Program (FEMP) provides an effective vehicle for
disseminating such information to a broad audience of federal employees and contractors. DOE
should support FEMP programs to leverage the knowledge gained from demonstration projects.
For example, the General Services Administration is required to accelerate the use of more cost-
effective technologies like GHPs and would benefit significantly from lessons learned from other
federal agencies.

6) A number of non-technical barriers - including federal, state, and local regulations,
market failures, and non-technical risks - impact the rate of deployment of energy
technologies. What, if any, role should the Department have in addressing these barriers?

DOE can have a great impact on non-technical barriers merely by its presence. The non-technical
barriers impinging upon the market for GHPs are would be addressed indirectly by a DOE-
dedicated program for the technology, which would constitute a much needed endorsement of
GHPs. In addition, a Geothermal Heat Pump Program would necessarily have a public outreach
component, which could efficiently provide information through State Energy Offices and other
partners to a broad swath of public and consumer interests.

7) Have we correctly identified and structured these six strategies?

Yes, GEO believes DOE has correctly identified and structured the six strategies. GHPs clearly
fit within the strategy developed for the demand side of clean, renewable and efficient energy
policy. Our answer to question 2) briefly articulates how GHPs would fit into a Clean Energy
Standard on the demand side. Our answer to question 8) demonstrates how GHPs drive down
end-use costs and consumption for owners of buildings simultaneously flattening an electric
utility’s peak demand and reducing carbon emissions.

8) We welcome comment on the selection of these technologies and sources, as well as
suggestions of alternate technologies and sources, and updated technology, cost, and
forecast data, particularly in rapidly-moving fields.

GEO specifically addresses the strategy for 6.2 Stationary; the sub component of 6.2.1.1
Efficiency in Buildings and the key strategy for 6.2.1.1.3 HVAC and Water Heating.

We agree with DOE that residential and commercial buildings are responsible for approximately
40% of U.S. primary energy consumption and over 70% of electric consumption, and add that
buildings are responsible for some 43% of U.S. carbon emissions. GEO also agrees with DOE’s
goals of reducing energy consumption of commercial HVACs by 80% by 2020 and reducing
energy use for hot water service by 50% by 2015.

GEO hopes that DOE will recognize that GHPs can play a significant role in meeting those
goals, and should be recognized for their ability to significantly reduce energy consumption for
thermal loads while simultaneously reducing monthly peak electricity demand.

A unique experiment was developed in Edmond, Oklahoma to quantify the energy savings of a





GHP compared to a traditional HVAC system. Two commercial office buildings were built next
store to each other with identical building designs and materials. One building was equipped
with a conventional HVAC (VAV) system and the other building was equipped with a GHP
system. On an annual basis, the GHP building used 47% less energy (kBtu) than the HVAC
building and the GHP building reduced peak electric monthly demand (watts/sq/ft) by 35%.

This is a powerful experiment which demonstrates the unique characteristics of GHPs from both
a supply and demand point of view. From the supply side, the GHP building reduced peak
demand with the accruing benefit flowing back to the electric utility and reduced the strain on the
electric grid. On the demand side, the GHP building reduced energy consumption, saved the
consumer money and made the company more profitable. Additionally GHP buildings eliminate
health and safety hazards of carbon monoxide poisoning and gas line/building explosions.






Lithium will be expensive to use because quantities are limited on the planet and we will be still
dependent like oil from contries abroad. On the other hand, hydrogen is a way to stock much more
electricity, and some kind of fuel cell are now cheaper and cheaper to build.

Companies like GM, Mercedes, Honda, Toyota etc. have cars ready to take the market. PCAST
recommended it very positively, so I do not understand why your quadriennal plan do not mention it.

Because hydrogen is the future of electricity !
Best regards,

Claude Gosselin
Quebec city






| wish to make the following comments concerning the DOE Quadrennial Report:

1. The report treats all generation options as equivalent. 85% of electric power is baseload that is
provided by coal, natural gas or nuclear. Solar and wind are intermittent sources of energy and as such
will be unlikely cost effective options for baseload power. There are major issues of storage and
transmission for these technologies. Frankly the report needs to better state that unless nuclear, and/or
carbon capture and sequestration technologies can be achieved with acceptable incremental costs then
the President's goal of reducing energy-related greenhouse gas emissions by 85% by 2050 is not
achievable.

2. There is an overly optimistic projection for electric vehicles and no mention of hydrogen fuel cell
vehicles. The President's target to support the deployment of 1 million electric vehicles (EVs) on the road
by 2015 is obviously unobtainable unless the definition is extended to include hybrid vehicles. The DOE
Fuel Cell and Hydrogen Technology Program, Multi-Year Program Plan, 2011-2015, 2010 needs to be
included in the references.

3. There are no references to automotive or other national programs for the deployment of pre-
commercial hydrogen fuel vehicles by 2015. The automotive manufacturers are proceeding with plans to
deploy tens of thousands of hydrogen fuel cell vehicles by 2015-2017 at their own expense. Within your
report in the 5.2.4 Technology Demonstration section it is stated that: "The DOE collaborates with
industry on demonstration projects to help catalyse large-scale adoption of promising energy
technologies.” Yet DOE does not have a vehicle market transformation program to support the
deployment of the hydrogen fueling stations for these vehicles which have been shown to be less

costly for the government than installing a supporting electric station system for EVs.

4. If one compares the DOE/industry targets presented in DOE program plans for battery costs by 2015,
and fuel cell and hydrogen storage costs by 2010, and employs them in comparative vehicle analyses,
then both technologies have additional vehicle costs and lower fuel costs that DO NOT establish an
economic advantage for either vehicle. So the effusive description of one technology (EVs) and no
mention of the alternative or documentation for it, is completely unwarranted.

5. It needs to be better understood as to where carbon capture and sequestration technology can lead
this nation. As | stated in point 1, we will need this technology or have a total reliance on nuclear power
for baseload power. The nation is awash in new natural gas formations that use fracturing technology.
When one captures and sequesters carbon dioxide from coal or natural gas or biomass, hydrogen is the
gas that is left. Now the U.S. can EXPORT liquid natural gas to other nations for their transportation fuel
supply to be converted to hydrogen. The U.S. can have a $350 billion export market in place of a $350
billion import market.

| have written and published a paper comparing PHEVs, EVs and hydrogen fuel cell vehicles that was
presented at the National Hydrogen Association in 2010 and plan on attending the Annual Technology
Review in Washington, DC this May 9 to 11. | would be happy to discuss my comments with any of the
staff concerning the Quadrennial report if a meeting can be arranged.

Sincerely,
Sig Gronich
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2-Figure 1

*  We suggest using an updated version of the 2002 US Energy Flow Trends chart (LLNL
[link]) to replace current figure 1

2.2-Par 1; re: “Importantly, the 80% efficiency depicted in Figure 1...”

* Expand on where 80% comes from: Unclear how 80% and efficiency is read in Figure 1

* Also to note, and perhaps address in paragraph: distinct measures of efficiency exist for
specific applications. For example, coefficients of performance (COP) greater than 7 (as
compared with the 0.8 COP implied by the figure) are routinely achieved by heat pumps.

2.4-Section Title; re: “Supply Changes Slowly, Demand Rapidly”

*  Change title due to incorrect/misleading statement: while the lifetimes of elements of the
supply infrastructure are typically longer than those of the demand infrastructure, there
are many cases of interest where the reverse is true. For example, a home PV array might
last 10 years while the wiring in the house it powers could easily last 50. Similarly,
factories often outlive the power plants from which they draw electricity.

*  We suggest using “Supply and demand sectors face different challenges” or another
general title in replacement

2.8—-Content

* Add content: we suggest including background on historical performance of and
challenges faced by the DOE that is more specific and quantitative, so that readers can
compare with current challenges posed in next section

3—Content

* Add and reorganize content: Include not only current, but also future challenges; address
what challenges the existing infrastructure and policy landscape create for today, as well
as the challenges our existing landscape can create in the near and long term future

3.2-Content

* Add content: Mention rare earth mineral security and other resource
depletion/importation challenges relevant to the energy sector

* Add content or remove for simplicity: Re: “Energy and water are linked...”; specific
example of water runoff is sole and out of place; suggest either adding additional
examples relevant to a variety of US regions or removing entire paragraph and replacing
with “presents a variety of potential risks” with a link to Administration or IPCC
literature on climate impacts.

* Clarify content: Re: transition between sentence “For example, highly radioactive...” and
“The burning of fuels...”; the first sentence is about nuclear energy and the second about
all fossil fuels; this transition is not explained and is confusing; we recommend including
a transition sentence, or a more comprehensive summary of the environmental and public
health risks from a variety of current energy sources

3.3—Content

* Suggest re-write: Section does not adequately address the main scientific arguments,
findings, and scope of the environmental impact. Also not particularly in line with other
Administration-wide documents, such as the National Assessment, Global Change
Report, NOAA Climate Report, and IPCC
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4-Content

Change focus of content: Change description of DOE activities specifically to address (1)
how DOE is addressing the challenges posed in Section 3; (2) Current and near-future
DOE goals and DOE activities supporting those goals; (3) major DOE activities that were
carried/passed on from previous administrations, even if not necessarily aligned with
current goals

Response to 1)

5.1-Structure

Change the length and substance of the mission statement: We believe the value is in the
explanations of each word in the statement; We recommend a longer mission statement
that includes substantial additional detail.

Add to mission statement: (1) Include cross-Administration collaboration (working with
other branches of the Federal Government to pursue DOE goals efficiently); (2) Aid in
navigating federal, state, and local regulatory issues facing DOE Activities/DOE-funded
projects.

5.2.1-Content

Add content: Suggest adding content on the importance of R&D in industry and of the
research arms of private industry

Address DOE’s activities with long time horizons: We suggest including current
work/funding and future DOE goals in promoting long-term research, potential
breakthroughs and innovation (i.e. ARPA-E & loan guarantees)

Recommend focus: We recommend funding basic and applied industrial research and if
s0, including such activities in report

Response to 2)

522

Produce manufacturing capital in US for use abroad, (2) fund US deployment, (3) DOE
activities should also support projects with potentially large payoffs farther in the future,
i.e., projects expecting late but rapid growth. For example, the DOE should fund projects
that may not reach 1 Quad in 2030 but may potentially reach 3 Quads in 2050.

Response to 3)

Diversify time horizons for projects, depending on goals.

Set targets by auction. For example, DOE might put out a call for proposals for solar
photovoltaics that asked proposers to set their own $/W goal. The ambitiousness of the
goal could be a criterion used in selecting proposals. A well-designed auction mechanism
could discover the appropriate $/W goal even in a process intending to award multiple
grants.

Keep competitive grant projects for riskier technologies and provide them to Universities
and industry

We strongly encourage the continuation of funding for ARPA-E and similar projects

Response to 4)

(a) Consider partnering with industry to create the equivalent of Bell Labs for energy.
Key aspects of this would include: 1) a clear private owner of all IP, 2) research with a
broad scope and a long time horizon, 3) focus on creating a profitable research
enterprise committed to bringing new technologies to market.
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* (c) Make use of prediction markets to aggregate, with unprecedented honesty and
accuracy, desired information from private sector partners without revealing un-needed
but sensitive information or the sources of useful information.

Response to 5)

*  Record results of all research and deployment/implementation projects funded by DOE,
whether positive or negative, and make them publicly available. This will focus research
towards new goals, reduce redundancy, and reduce re-iterations of failed
experiments/methods/processes.

Response to 6)

* Create regional offices to address local and state regulatory barriers to DOE and other
Administration-wide energy sector activities

*  Although primarily a technical agency; we strongly recommend that for DOE activities,
DOE identify the non-technical pressing needs and barriers and work to address them

Response to 7)

*  We suggest reorganization and re-make of graphic.

* Suggested replacement figure below drafted by commenters (we would be happy to assist
in further revisions to this graphic). Note: bullet points are placeholders for specific
DOE initiatives.

DOE'’s efforts to reduce greenhouse gas emissions address the entire energy sector

Parts of the energy sector

Electricity
Fuel Production Production Stationary Use Mobile Use

Support basic
research

Spurindustrial

research

wv

Q2

=

2

L

®

w Remove

Q non-technical
barriers
Drive

commercialization

DOE goals: *Alternative fuels  +Clean electricity  <Building/industry <Vehicle efficiency
*Modernize grid  efficiency *Electrify the fleet
*Grid-scale storage *Mobile storage

*  We suggest including a focus/strategy within DOE on applied social science research
(e.g. behavior and energy use and energy economics)
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* Include energy storage (for renewables) among the top 6 strategies (making it 7)

Response to 8)

* Encourage energy conservation.
6.1.3.1-Content

* Address the challenges and risks in ethanol development due to food security
6.1.3.2-DOE Activity

*  Synfuels with CCS should be considered for large deployment projects
7-Content

* Add content: Address/explain what the goals and process will continue to be for the
QTR. We suggest explaining how the QTR will be used by the DOE and how it will
affect DOE activities moving forward. Address how QTR will potentially differ each
time it is undertaken. Address what aspects will be monitored and measured to assess
DOE’s performance relative to goals established during QTR.

* Add content: Include information on DOE’s performance relative to its goals on energy
activities; provide significant specificity with goals regarding development of energy
technologies.
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The Information Technology & Innovation Foundation (ITIF) respectfully submits the below
comments regarding the Department of Energy’s Quadrennial Technology Review Framing
Document.

As a non-partisan think tank that seeks to advance policy in support of energy innovation,
technological development, and productivity, ITIF is in full agreement with the President’s
Council of Advisors on Science & Technology on the importance of a Quadrennial Energy
Review process, and fully supports the Department’s efforts to develop such a review. Given
inherent technology challenges and market failures in the energy space, and the public good
impacts and externalities associated with energy use, government has a central role to play in
filling gaps in the innovation ecosystem and accelerating technology development in close
collaboration with the private sector. We’re hopeful that a quadrennial review process will help
lead to a coherent overall policy approach that works in sync across agencies and institutions to
drive innovation.

We also hope that such a strategy will help keep the energy debate’s focus on innovation, rather
than simply attempting to find ways to prop up old, uncompetitive, or otherwise problematic
energy technologies of yesterday — including both fossil fuels like oil and coal, as well as clean
energy sources that can never hope to compete in the market in their current configuration.

Our responses to specific queries are found below. We have kept our responses fairly broad and
focused on overall principles.

A) What do you think of the following mission statement for DOE energy research?
To facilitate the invention, refinement, and early deployment of meaningful technologies that
enable options for scaling by the private sector toward national energy goals.

We generally believe the statement is appropriate and accurate. Given inherent innovation
challenges in the energy space, the mission statement recognizes the Department’s appropriate
and necessary role in the development realm. “Meaningful” and “scale” imply a focus on
technologies that will have an actual impact in the energy space, rather than focusing on far-
fetched “blue-sky” breakthroughs, and also recognizes that technologies must be scalable and
economically attractive to garner adequate private sector collaboration. ldentifying the
Department’s role as a “facilitator” acknowledges the government’s position as convener, able to
connect the prime movers in the energy technology space — university researchers, venture
capital firms, utilities, manufacturers, independent power producers, and others — who must all
play leadership roles in advancing the next wave of clean technology, but must do so in concert.

Our lone suggestion would be to include “development™ as one of the key goals along with
“invention, refinement, and early deployment.” “Invention” implies basic science research and
the creation of fundamentally new technologies, while “refinement” implies incremental
improvements to relatively mature technologies. Both of these are appropriate areas of work, but
between them lay the very real gap in moving technologies from lab to market, through the
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“technological valley of death.” This is often the make-or-break phase for radical technologies,
where risks can keep away all but the least risk-averse private investors, and public intervention
may in some cases be the determining factor in technical success or failure. Including more
specific terminology that gets at the heart of this applied development function would more
accurately capture the reality of the innovation cycle. This is not to imply that DOE can or
should pick narrow firm-level winners and losers, as those choices are best left to the market, as
the Framing Document acknowledges. But what DOE can do is broaden the menu of choices
available to firms through collaborative development.

B) Have we correctly identified and structured the six strategies to address our National
energy goals? The six strategies are:

1. Increase vehicle efficiency.

2. Promote progressive electrification of the vehicle fleet.

3. Develop alternative fuels.

4. Increase building and industrial efficiency.

5. Modernize the grid.

6. Drive adoption and deployment of a clean electricity supply.

ITIF generally agrees with DOE’s six strategies, though we feel two points are important to
make when outlining the strategy.

First, we feel there is room to add at least one more strategy that is cross-cutting and important.
The additional strategy would be: develop advanced substitutes to, or eliminate the need for,
critical materials. Many cleantech options require materials that are in limited supply and often
found most abundantly in competing countries. This creates two significant issues: critical
materials add to the trade deficit, and the United States’ reliance on imports creates potential
supply issues in the future as clean technologies grow in market adoption. Many of these
materials, such as rare earth elements, are used in battery storage for electric vehicles, the smart
grid, solar photovoltaics, wind turbines, and high efficiency light bulbs. The vast majority of
these materials are supplied by China. Due to its own growing clean energy sector, China is
expected to switch from being a net exporter of rare materials to a net importer of rare materials
within the next few years. This complicates the development and deployment of next generation
clean technologies and threatens to increase their costs.

We do understand that DOE is taking this issue seriously, most recently releasing a Department-
wide Critical Materials Strategy Study that among other recommendations called for an
integrated research agenda into developing alternative materials and studying methods of
eliminating the need for rare materials. Clearly, DOE understands the importance and cross-
cutting nature of the problem. Given this fact and the fundamental importance of the issue, we
feel it should be a core strategy.

Second, the approach should make clear that not all strategies or technologies are necessarily
equal. In fact some strategies, given the nature of U.S. energy challenges, are more important
than others. In a report titled 10 Myths of Addressing Global Warming and the Green Economy,
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we calculated that if the goal is a 50 percent reduction in greenhouse gas emissions by 2050,
given the expected rate of growth in global population and per-capita income, the world would
have to become 84 percent “cleaner.” In other words, every unit of economic output would have
to become 84 percent less polluting to reach a 50 percent goal (which is less than the goal set
forth by President Obama).

Thus, we need to drastically transform our energy system. This means that some of the six
strategies are higher impact than others. For instance, the United States simply cannot overly rely
on energy efficiency (though vehicle and building energy efficiency are important) to solve our
energy challenges. Instead, electrifying vehicles, developing alternative fuels, and developing
and deploying radical new baseload energy supply seem more important and deserve greater
emphasis than the other strategies, strictly because of the nature of the problem. Understanding
the different emphasis placed on each strategy also recognizes that not all clean technologies are
equally important. Some of the technologies are high impact, such as advanced battery storage,
advanced materials, and the smart grid. Also, some technologies, such as solar, wind, biofuels,
and vehicle electrification, are forecast to replace a greater percentage of fossil fuels than others.
This is not to say that technologies like hydro, geothermal, and wave energy won’t play a role,
they are just not of the same significance as the others, as the Framing Document correctly points
out. Recognizing this need for selective emphasis is important to address the strategies and
ensure that DOE’s overall approach is balanced towards developing the right technologies.

C) Clean Energy Leadership. How can DOE activities best support leadership in clean
energy innovation? In clean energy manufacturing? In clean energy deployment? How do
we balance international competitiveness against international cooperation?

E) What are the optimal roles for the private sector, government laboratories, citizens and
academia in accelerating technology innovation?
a) How can DOE best coordinate activities between and among these types of
organizations (including the wide variety of institutions within each class)? How
should we gauge the effectiveness of this coordination? How can the basic-applied
coupling be optimized? Are there examples in other sectors or other countries that
can serve as models?
b) What are the design principles for an effective ‘technology user facility’?
c) How can the Department best gather technology market information? How can
information on private sector innovation be captured without compromising
competitive advantage?

Because questions C and E are closely related, we present a single commentary for both.
Generally speaking, we believe the sensibilities of the framing document are very much where
they need to be, and we commend DOE for this output. We also believe that many of the current
programs are generally on the right track.

The central focus across all DOE activities has to be learning: in other words, to capture new
scientific, technical, or market knowledge and apply it to new generations of technology. In the
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energy space, learning is often, but not always, best achieved through “distributed but
connected” innovation systems with multiple actors bringing varied expertise to bear on diverse
solutions, with some level of coordination, interaction, or exchange. Learning activities require
sustained, steady investment, and can benefit from competitive pressures that drive
improvements and yield better information through feedback from markets.

Distributed but connected learning paths can vary, but are extremely important, and can be more
effective than more centralized top-down activities. For example, the decentralized learning
system in the Denmark wind industry yielded gradual but meaningful innovation, which drew on
limited but appropriate government interventions at the right time. These interventions included
supply-side research and test-bed funding, support for standards and certification, and demand-
side regulation, subsidy, and incentives. Conversely, early U.S. wind programs focused heavily
on top-down, “shoot for the moon” approaches to radical new technologies in collaboration with
aerospace firms, and lacked the same level of wide-ranging industry relationships as those found
in the Denmark system. While the United States programs yielded some important technical and
informational progress, there was little commercial success as a result. In Denmark, technology
development activities were grounded in practice and more “market conforming” than “market
contradicting.”

In hindsight, the decentralized, practical Danish system had it right for wind, and this is an
important lesson for any future large-scale technology development activities, even in more
capital-intensive technology areas. If DOE is to thoroughly establish leadership in the energy
innovation space, investment in radical innovation in the basic research phase is critical, but just
as important are efforts to build and foster knowledge networks within industry and universities
(as DOE has been doing in many respects). This thinking suggests the role for a program to
facilitate cross-disciplinary, multi-sectoral clean energy research consortia to leverage university,
governmental, and private sector research communities, manufacturers, venture capital, and other
participants. It also suggests a greater focus on a clusters approach to promote collaboration
between actors in similar geographic regions, thereby augmenting the productivity of individual
firms, researchers, or agencies.

Following the learning theme, driving technical change and productivity needs to be an explicit
focus of all activities where appropriate, including those focusing on commercialization of new
technology. In other words, it’s not simply about producing more solar power or more
manufacturing facilities, but better, more productive facilities. Some might argue that simply
scaling up technologies is the key to unleashing innovative potential, and thus policy should
drive deployment, but policy can be made more effective where technology and productivity
improvements are explicit primary goals tied directly to deployment. This suggests dynamic
incentives tied to year-on-year performance improvements, to drive steady energy productivity
gains. This contrasts with many existing static programs that simply offer unchanging quantity-
based incentives, which effectively prioritize quantity over quality. Making technological
productivity explicit in all incentive program areas wherever feasible, including in manufacturing
and technology deployment initiatives, would provide better signals to the market and more
directly drive innovation.





There are two other points worth making. Interagency collaboration can also be important, such
as through the establishment of a Federal Energy Innovation Council to address cross-cutting
issues (while the full mid-decade QER would serve this purpose, formalizing the process in an
interagency working group does not need to wait). A Federal Clean Energy Innovation Council
ideally would be composed of high-level representatives of DOE, DOC, NSF, DOD, OSTP, the
business community, and representatives of regional industry clusters. The Council would
develop criteria that ensure that existing federal programs are leveraged effectively through
integration with industry clusters, academia, and international collaborators, as well as
interagency collaboration. Two particular focus areas for interagency collaboration could include
educational programs in conjunction with the Department of Education to ensure adequate levels
of human capital available to the emerging cleantech industry; and further coordination of testing
and procurement policy with the Department of Defense, which is an important early market and
demanding buyer for new technologies. While this type of inter-department organization is
outside the purview of the DOE-specific QTR, DOE could nevertheless take a leadership
position by creating an intra-DOE Innovation Council that includes key program mangers,
Secretaries, and lead researchers. Such a council would provide information on clean technology
development from “the trenches” as well as provide sound, detailed advice on methods of
advancing DOE’s mission. This intra-agency council could also inform efforts and practices to
create a larger interagency council.

Lastly, on the question of international collaboration versus competition, it’s worth remembering
that one of the main goals of energy innovation activities is to address climate change, a global
problem. On the one hand, we shouldn’t ultimately discriminate as to where game-changing
knowledge or technologies may come from; but on the other hand, we should also be
aggressively building up the nation’s domestic competitiveness relative to the rest of the world to
ensure at least a share of global cleantech leadership. Domestic competitiveness is best served by
ensuring the right mix of productivity-based programs and incentives to optimize the innovation
system and ensure domestic firms remain on the cutting edge. The function of international
collaboration should be to expand the knowledge base available for domestic firms; so long as
this knowledge base is steadily expanded, and all participants abide by the rules of the game with
regard to IP and other relevant areas of trade policy, collaboration should not be a threat to
competitiveness, but in fact a boost, by allowing domestic firms to learn from work occurring in
other parts of the world.

But there is also a flipside to this coin: as ITIF argued in The Good, The Bad, the Ugly (and the
Self-Destructive) of Innovation Policy, some countries don’t play by the rules of the game, and
instead seek unfair advantages for their domestic firms through lax IP enforcement, domestic
content or ownership requirements, trade restrictions, and other mercantilist measures. Just as it
should be DOE policy to seek mutually beneficial international collaboration through reciprocal
agreements, it should also be DOE policy to avoid working with those states that do not play by
the rules of the game and resort to mercantilism.





D) What principles should the Department follow for allocating resources among
technologies of disparate maturity and potential time to impact? How many technology
options should the Department provide for the private sector and how should the value of
that diversity be weighed against timeliness, scale, and cost effectiveness? What should the
threshold be for entry of a technology into the DOE portfolio? Does every technology
deserve a program? When should we declare “mission accomplished” for a government
RD&D effort or cease efforts on a program whose costs may outweigh its benefits?

Within a broader context, these questions drive at the same issue: how should DOE manage its
technology portfolio? Given limited funding and annual budget uncertainty, DOE must
strategically “spread the risk” of its investments so as not put all of its eggs in one basket.
Spreading the risk also provides a better probability that DOE investments in clean energy
innovation will yield commercially viable technologies, which is important given the immediacy
of U.S. energy challenges. With this in mind, we believe the following broad principles for
project and technology selection address the questions posed above:

1. DOE should implement an investment strategy similar to that used by ARPA-E for
choosing projects within each technology category. The ARPA-E model (and the
DARPA model it is based on) allows an open culture of “letting the best ideas win.” As
not all technology proposals can be supported, ARPA-E balances its investment by risk
and the technologies’ stage of development (basic science through deployment). DOE
does this to a certain degree for some technologies, most notably battery storage research
across the three DOE offices charged with developing the technology. But DOE should
strive to apply this approach for all technology categories and ensure that strategic and
balanced investments are made department-wide. With that said, not every technology
deserves a program, and instead broad technology categories that offer high impact
results (i.e. effectiveness, accessibility, and efficiency) should be targeted.

2. DOE should take a more nuanced approach to choosing projects based on its estimated
“time of impact.” While balancing investment decisions across a range of technologies at
different stages of development is sensible, weighting time of impact should be done
cautiously. Projects should be chosen across a range of potential time horizons to
recognize that U.S. energy challenges are immediate and the energy sector requires
radical changes. In essence, the U.S. needs clean energy technologies now, but also needs
breakthrough technologies that may take more time to develop. The key is developing a
balance of near-term technologies and long-term projects. Further, care should be taken
to prioritize funding projects that impact larger energy technology (ex. developing a new
material to use in advanced wind turbines). These complementary investments may
significantly reduce the time of development for clean technologies.

3. DOE should weight proposed projects that have the greatest potential for technological
innovation and commercial deployment: in particular, projects that hold the potential to
scale and become cost effective. While DOE should support a wide range of technology
innovations across the risk spectrum, DOE should also be mindful in its selection
philosophy that these technologies are expected to make clean energy cheap and widely
accessible to consumers and businesses. If not, the technology should not be considered.
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4. DOE should also weigh investment decisions as to whether the proposed innovation
would likely lead to greater exports or reduced imports. Clean energy innovation
investments should aim to help U.S. industrial competitiveness. This particularly includes
enabling innovations like energy storage and critical materials that are fundamental to the
efficacy of many clean technologies.

5. Flexibility should be a central tenet of DOE management of its technology portfolio.
DOE should be flexible in both continuing a project through each phase of innovation as
well as ending a project if the costs of the project far exceed the benefits to society. This
factors into how DOE incorporates new technologies into the portfolio as well as how
DOE pronounces whether a project is complete or canceled. DOE should implement a
rigorous strategy for periodic reviews, similar to ARPA-E, so that progress and potential
can be measured and a decision on the projects future can be made. Such a strategy
would both help DOE decision-making as well as serve useful for Congressional
oversight into projects that have reached the end of their usefulness, and avoid politically-
driven continuation as a form of pork.

How can DOE be more effective at each stage of the innovation chain? Are technology
targets useful markers?

ITIF believes that this particular question is of vital importance to the success or failure of the
DOE technology portfolio. We believe that technology targets would be helpful in ensuring that
progress and success are the driving goals of project managers, and should be tied to well-
thought-out clean technology roadmaps. These roadmaps would lay out a future course for clean
technology development by articulating what stage of development specific technologies
currently reside in and what innovations are needed to move each forward. Detailed technology
roadmapping is currently conducted by a number of organizations. In particular the International
Energy Agency already produces biannual reports on key clean technologies, as well as an
ongoing series of technology-specific roadmaps, of which DOE should use in its analyses of
technologies across the board. But in addition to technology roadmapping, there are institutional
changes that could greatly enhance DOE effectiveness in spurring innovation. In short, as we
stated in our response to question one, DOE can be more effective at bridging technologies
across the valley of death from the labs to testing/demonstration as well as from
testing/demonstration to deployment. ITIF proposes two solutions.

First, DOE can become more effective moving technology through each stage of innovation by
making information about each technology more transparent and easily accessible. This would
make DOE more effective at ushering technologies through the different developmental stages as
well as make more informed investment decisions at each stage of innovation. To this end, DOE
should make knowledge of its projects at the technology level public. The DOE, both within
federal labs and through external funding, conducts a considerable amount of research and
collects a considerable amount of data. Too often this information is not publicly disseminated or
hard to access not just by the public, but by researchers and staff within the agency as well.
Federally funded research should be made publicly accessible and easy to obtain. To do so, DOE
should create a clean technology knowledge bank (e.g. such as an online database), where all





ideas generated from federally funded energy research as well as their progress would be
publicly available to entrepreneurs, other department offices, and other researchers. Government
contract managers making federal research fund awards and department managers crafting
project proposals would know what intellectual property is being developed and what technology
has potential.

Second, to better strengthen DOE’s “valley of death” support, a process should be put in place to
increase communication, collaboration, and coordination among all technology transfer
institutions. Moving ideas, people, money, facilities and equipment seamlessly among the
collaborators (government, university, industry, NGO, foundation, etc.) is essential in a global,
knowledge-based economy. Creating these partnerships would go a long way towards facilitating
commercialization through the development of a cluster of essential actors such as research and
business partners as well as those with specific expertise in economic development, financing
and regulation. Building these new networks would create a more complete innovation system
and enhance DOE effectiveness.

F) What are best practices in performing large-scale demonstration projects? How close to
commercial viability does a demonstration have to be? What are the optimal cost sharing
arrangements? How might demonstrations be coordinated with DOE financing activities?
How can demonstration projects better benefit all stakeholders beyond the immediate
participants? How are lessons learned best captured and promoted, and how is intellectual
property best handled? How should DOE determine the number of demonstrations needed
to address technical and operation risks? How do we think about failure in the
demonstration phase?

ITIF is pleased that DOE is assessing its technology demonstration strategy, for demonstration is
a critical stage of technology development. Unfortunately, it also represents a critical gap, and is
a stage of development that receives underinvestment from both the private sector and the public
sector. Currently, DOE is undertaking a number of demonstration projects like FutureGen CCS,
the Savannah River Small Modular Reactor, and a number of wind and solar sites. But there is
no formal departmental strategy for setting demonstration as a goal of R&D projects or providing
a framework for establishing a demonstration project. From afar, it seems ad hoc. For example,
the FutureGen project is the sole CCS demonstration project, but the publically owned Tennessee
Valley Authority operates 11 coal-fired power plants that could easily be used as additional
demonstration sites for new coal technologies. So, to better transfer the wealth of R&D
knowledge generated at DOE to the market, a clean energy testing and demonstration project
strategy should be implemented. As part of this strategy, DOE should:

1. Establish a comprehensive catalogue of government-owned sites eligible for testing and
constructing technology-specific demonstration projects in collaboration with DOE, the
Bureau of Land Management, and the Department of Defense. These eligible sites should
be zoned for future clean energy projects.

2. Formally make demonstration a goal of all R&D projects managed or funded by DOE.
Project managers, even at the R&D stage of development, should have a clear goal to see

Information Technology and Innovation Foundation
1101 K Street, N.W., Suite 610
Washington, DC 20005
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a new technology idea demonstrated in the field. It isn’t enough to create new knowledge
if that knowledge is never used.

3. Create a cost-sharing strategy when demonstrating technologies in partnership with
private industry. For large scale demonstration projects, DOE should provide no more
than 50% cost sharing for a project and, when able, should use its financing activities to
leverage demonstration projects when necessary as part of any cost sharing agreement.
DOE should also provide the basic infrastructure needs at demonstration sites such as
buildings and energy access, if necessary.

4. Be flexible and allow failure in the demonstration phase to be acceptable. The goal of
DOE at this phase of development is to accelerate the rate of deployment of clean
technologies. Demonstration is just one phase of development and if a project is deemed
unsatisfactory or the costs exceed its social benefits, then DOE must be flexible and
cancel the project so resources can be reallocated to other demonstration projects. And
information and reasons for its failure should be transparent and public, and easily
accessible to Congressional decision makers as well.

5. DOE should continue to collaborate with DOD on demonstration projects within the
MOU signed earlier this year.

Ultimately, new management, procurement, and funding mechanisms are needed to truly create a
cohesive, networked demonstration and testing policy in DOE. To do so would take an act of
Congress. But in lieu of such Congressionally mandated authority, the above steps would be a
step in the right direction for instilling a new culture of developing technologies not just in the
lab, but also in the field as well.

Information Technology and Innovation Foundation
1101 K Street, N.W., Suite 610
Washington, DC 20005
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I'E international association for hudrogen energy

9 April 2011

To: Steve Koonin
Under the Secretary of Science,
DOE
Washington D.C., USA

Email: DOE-QTRmailbox @hqg.doe.gov

Subject: Quadrennial Technology Review: Hydrogen Economy for USA

Dear Mr. Koonin:

I recommend that hydrogen fuel cell car manufacturers and hydrogen producers in U.S.A.
— with the assistance of DOE — should jointly develop a program — like the German H2
Mobility Program — for the United States, so that starting with the most promising states
(Hawaii, California, Texas, Florida, Pennsylvania, New York., Massachusetts, etc.)
hydrogen production and delivery infrastructure should be readied beginning 2015 and at
the same time hydrogen fuel cell cars should be marketed starting with the states having

their delivery systems in place, covering all of the United States in some three decades.

The above stated conversion to hydrogen fuel cell vehicles would have, among others,
the following important advantages for the United States:

1. U.S. car manufacturers and hydrogen producers technologically will not lag
behind the other countries (specifically Japan and Germany).

2. Initially most of the hydrogen will be produced using indigenous natural gas and
eventually renewable energy sources, resulting in large reduction in oil imports.

3. There will be energy savings, since hydrogen fuel cell cars are more efficient.
4. There will be large numbers of jobs created.
5. Trade deficit will be reduced.

6. There will be large reductions in urban pollution, vehicle noise and greenhouse
gas emissions.





7. There will be reductions in chest diseases and cancer (and therefore in healthcare
expenditures) caused by air pollution.

Respectfully Submitted,

20l

T. Nejat Veziroglu
President, International Association for Hydrogen Energy (IAHE)
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Bruce D. Ray

Associg‘te General Counsel
A Berkshire Hathaway Company N7 17 Sheet (80202)

Denver, CO 80217-5108

303 810-9723 Cell

888 629-6374 Fax

bruce.ray@jm.com

VIA ELECTRONIC MAIL: DOE-QTRmailbox @hg.doe.gov

April 15, 2011

Department of Energy

Office of the Under Secretary for Science (S4)
1000 Independence Ave., SW

Washington, DC 20585.

Re: Comments on Quadrennial Technology Review
Framing Document; DOE-QTR RFI

Dear Sir:

In a recent Federal Register notice' the Department of Energy (DOE) requested public
comment on its Quadrennial Technology Review Framing Document (QTRFD).> The
QTRFD describes the Nation’s energy landscape and challenges, important research,
development, and demonstration (RD&D) policy choices to be made, and summarizes the
current status of energy technologies and DOE technology program goals. It is intended
to serve as the common framework for stakeholder engagement through advisory
committees, workshops, and expert discussion groups.

The purpose of this letter is to provide some basic input from Johns Manville on the
importance of energy efficiency and to request participation on any appropriate advisory
committee or expert discussion group on energy efficiency policy.

Johns Manville (JM), a Berkshire Hathaway company (NYSE: BRK.A, BRK.B), is a
leading manufacturer and marketer of premium-quality products for building insulation,
mechanical insulation, commercial roofing, and roof insulation, as well as fibers and
nonwovens for commercial, industrial, and residential applications.

With world headquarters in Denver, JM’s 5,000 employees at our forty manufacturing
facilities serve North American, European, and Asian markets that include residential and
commercial construction, wind energy, aerospace, automotive and transportation, air

! See, 76 Fed. Reg. 13,607 (March 14, 2011) at http://www.gpo.gov/fdsys/pkg/FR-2011-03-14/pdf/2011-

5794 .pdf.
2 See, http://www.energy.gov/qtr/documents/DOE-QTR_Framing.pdf, March 14, 2011.
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handling, appliance, HVAC, pipe and equipment, filtration, waterproofing, flooring, and
interiors. Notably, JM is the only manufacturer to offer a complete line of certified
Formaldehyde-free™ fiber glass building insulation. JM is the only manufacturer to
have a complete line of home insulation products certified to meet the new
Environmentally Preferable Insulation specification developed by U.S. EPA Region 9
and Alameda County, State of California. JM is also the only insulation manufacturer to
achieve the status of Climate Action Leader and is a member of The Climate Registry.

The QTRFD sets forth seven questions for input. JM offers below a summary response
to several of these questions.

2) How can DOE activities best support U.S. leadership in clean energy innovation?
In clean energy manufacturing? In clean energy deployment? How do we balance
international competitiveness against international cooperation?

DOE could help support leadership in clean energy innovation and deployment in part by
promoting energy efficiency as an important form of clean energy. This is described in
detail in JM’s recent comments on the Clean Energy Whitepaper issued last month by
the Senate Energy and Natural Resources Committee.” Those comments are enclosed
herewith.

4) What are the optimal roles for the private sector, government laboratories,
citizens and academia in accelerating technology innovation?

See the response to Question No. 6, below.

6) A number of non-technical barriers—including federal, state, and local
regulations, market failures, and non-technical risks—impact the rate of
deployment of energy technologies. What, if any, role should the Department have
in addressing these barriers?

Given the current and future state and federal budget difficulties, one of DOE’s top
priorities should be to work with the private sector to identify and seek changes in any
non-technical barriers that are limiting the successful deployment of private sector capital
in utility-scale energy efficiency projects. Such projects could include both large-scale
retrofits of the millions of American homes and buildings that are underinsulated as well
as new construction beyond current and anticipated future energy codes.

? Clean Energy Standard (CES) White Paper. See,
http://energy.senate.gov/public/index.cfm?FuseA ction=Issueltems. View &Issueltem_ID=7b61e406-
3e17-4927-b3f4-d909394d46de
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The draft DOE Strategic Plan” has identified as a High Priority Performance Goal the
retrofitting of one million homes through fiscal year 2013;> however, that goal is in
jeopardy given proposed reductions in the DOE budget. Further, at the goal rate of only
500,000 homes per fiscal year, it will take at least 100 years to retrofit all the
underinsulated homes in America.’ Instead, DOE should begin transitioning much of its
activities to facilitating private sector funding of utility-scale energy efficiency projects.

DOE should also strongly encourage the Environmental Protection Agency (EPA) to
recognize and promote energy efficiency measures and projects as important emission
reduction techniques for large emitting sources. In the context of the planned greenhouse
gas (GHG) new source performance standards (NSPS) for utilities and refineries,” DOE
should encourage EPA to affirmatively repeat and communicate that so-called “off site”
or “off source” energy efficiency is an allowed — if not a preferred — method to achieve
the emissions reduction requirements to be established in these rulemakings. DOE
should also encourage EPA to affirm that such energy efficiency projects are important
emission reduction methods for other Clean Air Act programs such as the Clean Air
Transport Rule.®

The effectiveness and value of energy efficiency is independent of the science on climate
change making energy efficiency perhaps the only “no regrets” alternative to reduce
GHG emissions. In contrast to many traditional pollution abatement techniques, energy
efficiency also has important side benefits. Thus, energy efficiency:

- increases health and comfort of home and building occupants and public health
generally (per Harvard University studyg);

- reduces heating and cooling costs;

- increases affordability of home ownership;

- increases home values; and,

- increases energy security and hence national security.

* US Department of Energy Strategic Plan (February 2011 draft); see,
http://www.energy.gov/media/DOE_StrategicPlan_Draft.pdf

> Draft Plan at page 18.

® There are at least 50 million underinsulated homes in America. See, Jonathan Il. Levy, Yurika Nishioka
and John D. Spengler, "The public health benefits of insulation retrofits in existing housing in the United
States, " Environmental Health, April 2003. ppl1-16. Study is available at
http://www.naima.org/publications/RP061.PDF

7 See, http://www.epa.gov/airquality/ghgsettlement.html.

8 See, http://www.epa.gov/airtransport/.

o Supra, footnote 6.
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Energy efficiency can deliver emissions reductions (and energy “generation”) in
increments smaller than large abatement devices or fuel switching at utility plants,
allowing for greater flexibility. And several studies by McKinsey & Company confirm
that energy efficiency is perhaps the cheapest and quickest method to reduce GHG
emissions. The compelling “McKinsey Curve”'’ below depicts that, among the array of
all GHG emission reduction techniques, energy efficiency from building insulation (both
new construction and retrofit) is one of very few that can reduce GHG emissions at
“negative cost,” i.e., energy efficiency simultaneously reduces GHG emissions, saves
energy and saves money.

What might it cost?

Global cost curve for grenhause-gas abatament measures bayand ‘businass as usual’; greenhousa gases maasured in GtCOOge!

Yy Approximate sbatement raquired
beyond "business a3 usual, 2030

Biodiesel
Carbon, capture, and storaga [CCE]; new coal Waste | Industrial CCS
Coal-to-gas shift
Medium-cost forestation CC5: coal ratrofit
Cafiring biomass Induztrial Highar<cost
o Wind; low penatratian motor systams abatement
Industrial feedstock substitution :
; i Awoidad
CC3, erhanced oil recovary, naw ceal daforestation r
50 Low-cost forastation R
= Livastock A 13
& Furthar peential®
= Muclear | MT
=
= ]
B Industrial non-COz £ ] )
E Standby lossas 55]" . 2 45']':' : 4IZIIZI. .
a2 -50 Sugarcana biofuel HH pm HEt
L)
5 | Fual efficiency in vahicles -25 -40 -50
E ‘Watar haating Marginal cost,” € par 100;e°
100 Air-conditioning
| Lighting =ystams
Fual efficiency in commercial wehicles
—150
5 10 15 n 25 1] 35

e : Abatement beyond ‘business as usual, GtCOza" par year in 2030
Building insulation

LGHOD e = gigaton of carbon dioxide equivalent; “business as usual™ based on emissions growth driven mainly by increasing
demand for energy and transport aponnd the world and by tropical deforestation.

2000, e = ton of carbon dicxide equivalent.

I deasures ooaring more than €40 a ton were not the foous of this smdy.

4 4rmospheric concentration of all greenhouse pases recakoulared into CO, equivalents; ppm = parts per million.

St arginal cost of avoiding emissions of 1ton of CO, equivalents in each abarement demand scenario.

10«A cost curve for greenhouse gas reduction,” The McKinsey Quarterly (2007), copy enclosed.
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EPA’s 2004 Guidance'" on this issue underscores just how important it is to promote
energy efficiency as an emission reduction technique under the Clean Air Act.
According to the 2004 Guidance:

EPA supports and wishes to promote the testing of promising new pollution
reduction strategies such as energy efficiency and renewable energy measures
within the air quality planning process. . . Energy efficiency and renewable
energy measures have many benefits. Energy efficiency measures reduce the
demand for electricity and renewable energy can supply energy from non- or less-
polluting sources. These measures can save money, have other economic
benefits, reduce dependence on foreign sources of fuel, increase the reliability of
the electricity grid, enhance energy security, and, most importantly for air quality
purposes, reduce air emissions from electric generating power plants. Energy
efficiency and renewable energy inherently prevent pollution from occurring.
Additionally, in many areas, the peak demand for electricity frequently coincides
with periods of poor air quality. It is therefore important to encourage and
reward greater application of energy efficiency and renewable energy
measures and incorporate the emission reductions that these measures will
accrue into the air quality planning process . . ."

(Emphasis added.)

The 2004 Guidance specifically recognizes increasing building energy efficiency via
insulation as among the qualifying energy efficiency techniques:

What are some examples of specific energy efficiency or renewable energy
projects?

Such projects could include, but are not necessarily limited to, the following:
(A) Demand side management energy efficiency projects, such as: . . .

(2) Programs related to design, construction or reconstruction
which by themselves do not use energy, but result in energy
savings. For example, reflective roofs, double pane windows,
increased insulation, and building codes containing these
requirements. 13

" “Guidance on SIP Credits for Emission Reductions From Electric-Sector Energy Efficiency and
Renewable Energy Measures,” Air Quality Strategies and Standards Division, Office of Air Quality
Planning and Standards, U.S. Environmental Protection Agency, Research Triangle Park, North
Carolina 27711, (2004) available at http://www.epa.gov/ttncaaal/tl/memoranda/ereseerem_gd.pdf.
22004 Guidance at page 1.

132004 Guidance at Section A.1.
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Of course, there are challenges in linking energy efficiency projects to emissions
reductions. Thus, the 2004 Guidance recognizes that:

There are various reasons (as discussed in this guidance) why it can be difficult to
accurately estimate the amount of emission reductions from energy efficiency or
renewable energy measures that impact air quality.'*

Fortunately, EPA notes that it

“. .. developed this guidance to provide a readily available procedure to quantify
and validate emission reductions from specific energy efficiency and renewable

energy measures . . .~

Finally, greater promotion of energy efficiency as an emission reduction technique is
precisely the type of action that DOE and EPA should take to fully implement the recent
Executive Order on Improving Regulation and Regulatory Review.'® That Order notes
that

Our regulatory system must protect public health, welfare, safety, and our
environment while promoting economic growth, innovation, competitiveness, and
job creation. . . It must identify and use the best, most innovative, and least
burdensome tools for achieving regulatory ends. It must take into account
benefits and costs, both quantitative and qualitative.'’

Thank you for the opportunity to submit these comments. If you have any questions,
please do not hesitate to contact me.

Sincerely,
- S -
Bruce D. Ray
Associate General Counsel,

Director of Governmental and Regulatory Affairs

Enclosures

“1d.

P Id.

' Executive Order 13563, Improving Regulation and Regulatory Review (January 18, 2011) available at
http://www.gpo.gov/fdsys/pkg/FR-2011-01-21/pdf/2011-1385.pdf.

17 Executive Order 13563, Section 1.






Submitter’s Name/Affiliation: Johns Manville
Contact: Bruce Ray
Email: burce.ray@jm.com
Phone: 303-978-3527
Executive Summary

As the cleanest form of energy, energy efficiency should be included in any clean energy
standard. Efficiency is typically cheaper, faster, and better than conventional and renewable
energy at reducing greenhouse gas and other emissions.

And where both traditional and renewable energy sources suffer from side-impacts, increasing
efficiency in buildings and roofs instead enjoys side-benefits that increase the compelling nature
of energy efficiency. These side impacts include at least the following:

- Enhancement of the health and comfort of home and building occupants and public
health generally;

- Reduction in heating and cooling costs, which can mitigate any cost increases to
ratepayers from switching to costlier fuels or renewable energys;

- Increase in affordability of home ownership; and,

- Increase in home and building values.

Importantly, energy efficiency tends to be more labor-intensive than other forms of energy
generation, meaning that potentially more jobs can be created and sustained with energy
efficiency. And a trained energy efficiency deployment workforce is available to begin
increased efficiency implementation activities.

Consideration should be given to implementing or at least strongly prioritizing, all cost-effective
energy efficiency opportunities before significantly expanding the deployment of renewable
energy. Most energy efficiency methods are proven effective and in the case of adding
insulation to buildings and roofs are literally off-the-shelf technologies that can be deployed at
low- or even negative-cost. Putting energy efficiency before renewable energy will help
minimize the cost and amount of renewable resources that are ultimately deployed. In contrast,
putting renewable energy resources before energy efficiency will tend to increase the cost of
energy being wasted.

Johns Manville (JM), a Berkshire Hathaway company (NYSE: BRK.A, BRK.B), is a leading
manufacturer and marketer of premium-quality products for building insulation, mechanical
insulation, commercial roofing, and roof insulation, as well as fibers and nonwovens for
commercial, industrial, and residential applications.

With world headquarters in Denver, JM’s 5,000 employees at our forty manufacturing facilities
serve North American, European, and Asian markets that include residential and commercial
construction, wind energy, aerospace, automotive and transportation, air handling, appliance,
HVAC, pipe and equipment, filtration, waterproofing, flooring, and interiors. Notably, JM is the
only manufacturer to offer a complete line of certified Formaldehyde-free™ fiber glass home
insulation.





Question 2. What resources should qualify as ‘“clean energy”?
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® On what basis should qualifying “clean energy” resources be
defined? Should the definition of “clean energy” account only for
the greenhouse gas emissions of electric generation, or should
other environmental issues be accounted for (e.g. particulate
matter from biomass combustion, spent fuel from nuclear power,
or land use changes for solar panels or wind, etc.)?

The “clean” in a clean energy standard should be broadly defined to address all major
impacts from the development, deployment, operation, and eventual decommissioning of
energy generation facilities and methods. This would include impacts to all environmental
media (air, water, land, etc.) as well as impacts to health and biological, aesthetic and
cultural resources.

Far too often the side-impacts from renewable energy resources are overlooked or
downplayed vs. other forms of energy. Just as existing environmental laws attempt to
account for externalities of conventional energy sources (e.g., coal, natural gas, and
nuclear) that are not adequately addressed or valued in the market, so should a clean
energy standard carefully account for the externalities of renewable and alternative energy
sources. Just because those latter sources do not have the obvious environmental impacts
of conventional energy sources (e.g., greenhouse gas and other pollutant emissions), does
not mean they have no impacts or that their impacts are not potentially significant.

In contrast, a “low-carbon’ energy standard would focus principally or solely on the
impact of the energy generation on carbon emissions or climate change. But here also
renewable energy must be carefully analyzed. Since some renewable energy, e.g., wind, is
intermittent, backup energy resources are required that can be deployed when the
renewable resource is not available. Both a low-carbon and a clean energy standard should
include an assessment of all such companion backup energy resources, including the CO2
and other emissions associated with fossil fuel combustion.

Another reason to broadly define “clean” is that such a broad definition would help include
energy generation sources and methods that are less expensive and that could be deployed
faster than many renewable sources.

Finally, demand response or demand management resources are now being treated in the
market as equal to supply side resources. Accordingly, any effort that cost effectively
reduces the use and/or demand of energy rather than requiring more energy generation
should also be considered ‘‘clean’ energy and included in a clean energy standard.





Question 2. What resources should qualify as ‘“clean energy”?
Submitter’s Name/Affiliation: Johns Manville — Denver, Colorado

e Should qualifying clean energy resources be expressly listed or
based on a general emissions threshold? If it is determined that a
list of clean energy resources is preferable, what is the optimal
definition for “clean energy” that will deploy a diverse set of clean
generation technologies at least cost? Should there be an avenue to
qualify additional clean energy resources in the future, based on
technological advancements?

A mere list of energy generation sources that are currently available (and that are only
currently considered clean) would tend to discourage the development and deployment of
revolutionary new sources that are potentially cleaner and most cost effective. Such an
express list would be akin to a 1975 list of the very best performing electric typewriters.
Instead, consideration should be given to defining a clean energy resource by several major
performance characteristics as compared to current conventional energy sources. Such
characteristics could include at least all impacts caused per unit of energy generated as well
as cost effectiveness and reliability.

Here also, we should consider demand and energy reduction (energy efficiency) prior to
bringing on any new generation category because efficiency tends to be the most economic
and cleanest choice.

[Johns Manville (JM), a Berkshire Hathaway company (NYSE: BRK.A, BRK.B), is a leading
manufacturer and marketer of premium-quality products for building insulation, mechanical
insulation, commercial roofing, and roof insulation, as well as fibers and nonwovens for
commercial, industrial, and residential applications.

With world headquarters in Denver, JM’s 5,000 employees at our forty manufacturing facilities
serve North American, European, and Asian markets that include residential and commercial
construction, wind energy, aerospace, automotive and transportation, air handling, appliance,
HVAC, pipe and equipment, filtration, waterproofing, flooring, and interiors. Notably, JM is the
only manufacturer to offer a complete line of certified Formaldehyde-free™ fiber glass home
insulation.]





Question 2. What resources should qualify as ‘“clean energy”?
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o What is the role for energy efficiency in the standard? If energy
efficiency qualifies, should it be limited to the supply side, the demand
side, or both? How should measurement and verification issues be
handled?

Energy efficiency is not only clean but actually the cleanest form of energy generation;
accordingly, efficiency should be included in any clean energy standard. To omit efficiency
from a clean energy standard would be like omitting the highest SAT scores from college
admission criteria.

Including efficiency in a clean energy standard would help to address the disparity in the
availability of renewable resources in the United States. For example, utilities in areas
without robust wind or solar resources would not have to purchase renewable energy
credits from areas with those resources; instead, energy efficiency projects could be
deployed thereby benefiting local customers and workers.

Energy efficiency can typically be deployed faster and in increments that are much smaller
than either traditional or renewable sources, affording increased flexibility. As shown
below, efficiency is typically less costly than either traditional energy generation or
renewable energy generation. Note that the end use efficiency bar in the graph extends
below zero, which means that there are some end use efficiency opportunities that BOTH

generate electricity AND save money.

Figure 1: Cost of new delivered electricity
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Logically, all cost-effective energy efficiency opportunities should be exploited prior to
widespread deployment of more expensive forms of energy; to do otherwise simply
increases the cost of energy being wasted.

And as shown in the graph below, a dollar spent on energy efficiency can reduce
greenhouse gas emissions far more than a dollar spent on other forms of alternative energy.
In fact, efficiency used to displace coal-fired CO2 emissions cannot even fit on the graph.

Figure 3: Coal-fired CO; emissions displaced
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And where both traditional and renewable energy sources suffer from side-impacts,
increasing efficiency in buildings and roofs instead enjoys side-benefits that increase the
compelling nature of energy efficiency. These side impacts include at least the following:

- Enhancement of the health and comfort of home and building occupants and
public health generally;

- Reduction in heating and cooling costs, which can mitigate any cost increases to
ratepayers from switching to costlier fuels or renewable energy;

- Increase in affordability of home ownership; and,

- Increase in home and building values.

Importantly, energy efficiency tends to be more labor-intensive than other forms of energy
generation, meaning that potentially more jobs can be created and sustained with energy
efficiency. And a trained energy efficiency deployment workforce is available to begin
increased efficiency implementation activities.

11
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In fact, efficiency is so superior to essentially all other forms of energy generation that it
may be more appropriate to establish a stand-alone energy efficiency resource standard
that would require utilities to source an increasing percentage of their total energy supply
from efficiency projects and methods, including especially increasing the energy efficiency
of existing buildings and roofs, which account for approximately 40% of all energy usage in
the United States.

A clean energy standard with efficiency could use the latest measurement and verification
techniques and methods to measure or estimate the amount of energy saved/generated with
efficiency projects. These techniques, especially when applied to many small projects for
aggregation purposes, can provide generation quantification that, while less precise than
actual electricity meters, is sufficiently accurate for planning and compliance purposes.

It is important to note that a reasonably priced and reliable supply of electricity and other
energy is essential if the American manufacturing sector is to remain competitive in the
world economy. A clean energy standard should not merely deploy high-profile forms of
‘“green” energy that in reality increase the cost of delivered electricity while potentially
decreasing reliability. Because there is so much energy available in the form of increasing
the efficiency of the existing housing and building stock, energy efficiency should be
included in any clean energy standard.

12
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e Should retrofits or retirements of traditional fossil-fuel plants be
included in the standard?

If enough energy efficiency projects are deployed widely enough, it might be possible to
retire certain traditional fossil-fuel plants without increasing cost or decreasing reliability.

13





Question 2. What resources should qualify as ‘“clean energy”?
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e Should the standard be focused solely on electricity generation, or is

there a role for other clean energy technologies that could displace
electricity, such as biomass-to-thermal energy?

14





Question 3. How should the crediting system and timetables be designed?
Submitter’s Name/Affiliation: Johns Manville — Denver, Colorado

o Should the standard’s requirements be keyed to the year 2035 or
some other timeframe?

15





Question 3. How should the crediting system and timetables be designed?
Submitter’s Name/Affiliation: Johns Manville — Denver, Colorado

e What interim targets and timetables should be established to meet the
standard’s requirements?

Consideration should be given to implementing, or at least strongly prioritizing, all
cost-effective energy efficiency opportunities before significantly expanding the
deployment of renewable energy. Most energy efficiency methods are proven effective
and in the case of adding insulation to buildings and roofs are literally off-the-shelf
technologies that can be deployed at low- or even negative-cost. Putting energy
efficiency before renewable energy will help minimize the cost and amount of renewable
resources that are ultimately deployed. In contrast, putting renewable energy resources
before energy efficiency will tend to increase the cost of energy being wasted.

[Johns Manville (JM), a Berkshire Hathaway company (NYSE: BRK.A, BRK.B), is a leading
manufacturer and marketer of premium-quality products for building insulation, mechanical
insulation, commercial roofing, and roof insulation, as well as fibers and nonwovens for
commercial, industrial, and residential applications.

With world headquarters in Denver, JM’s 5,000 employees at our forty manufacturing facilities
serve North American, European, and Asian markets that include residential and commercial
construction, wind energy, aerospace, automotive and transportation, air handling, appliance,
HVAC, pipe and equipment, filtration, waterproofing, flooring, and interiors. Notably, JM is the
only manufacturer to offer a complete line of certified Formaldehyde-free™ fiber glass home
insulation.]
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Question 3. How should the crediting system and timetables be designed?
Submitter’s Name/Affiliation: Johns Manville — Denver, Colorado

o What are the tradeoffs between crediting all existing clean
technologies versus only allowing new and incremental upgrades to
qualify for credits? Is one methodology preferable to the other?

Please begin your response HERE. (no page limit)
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Question 3. How should the crediting system and timetables be designed?
Submitter’s Name/Affiliation: Johns Manville — Denver, Colorado

e Should partial credits be given for certain technologies, like efficient
natural gas and clean coal, as the President has proposed? If partial
credits are used, on what basis should the percentage of credit be

awarded? Should this be made modifiable over the life of the
program?

Please begin your response HERE. (no page limit)
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Question 3. How should the crediting system and timetables be designed?
Submitter’s Name/Affiliation: Johns Manville — Denver, Colorado

® [s there a deployment path that will optimize the trade-off between the
overall cost of the program and the overall amount of clean energy
deployed?

Consideration should be given to implementing, or at least strongly prioritizing, all
cost-effective energy efficiency opportunities before significantly expanding the
deployment of renewable energy. Most energy efficiency methods are proven effective
and in the case of adding insulation to buildings and roofs are literally off-the-shelf
technologies that can be deployed at low- or even negative-cost. Putting energy
efficiency before renewable energy will help minimize the cost and amount of renewable
resources that are ultimately deployed. In contrast, putting renewable energy resources
before energy efficiency will tend to increase the cost of energy being wasted.
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Question 3. How should the crediting system and timetables be designed?
Submitter’s Name/Affiliation: Johns Manville — Denver, Colorado

o What would be the effect of including tiers for particular classes of
technology, or for technologies with different levels of economic risk,
and what would be a viable way of including such tiers?

Consideration should be given to implementing, or at least strongly prioritizing, all
cost-effective energy efficiency opportunities before significantly expanding the
deployment of renewable energy. Most energy efficiency methods are proven effective
and in the case of adding insulation to buildings and roofs are literally off-the-shelf
technologies that can be deployed at low- or even negative-cost. Putting energy
efficiency before renewable energy will help minimize the cost and amount of renewable
resources that are ultimately deployed. In contrast, putting renewable energy resources
before energy efficiency will tend to increase the cost of energy being wasted.
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Question 3. How should the crediting system and timetables be designed?
Submitter’s Name/Affiliation: Johns Manville — Denver, Colorado

o Should the same credit be available to meet both the federal mandate
and an existing state standard or should a credit only be utilized
once?

Please begin your response HERE. (no page limit)

21





Question 3. How should the crediting system and timetables be designed?
Submitter’s Name/Affiliation: Johns Manville — Denver, Colorado

e Should there be a banking and/or borrowing system available for
credits and, if so, for how long?

The clean energy standard should include energy efficiency and should therefore also
include energy efficiency credits that could be banked or sold for purposes of
compliance. Because energy savings from making a building or roof more energy
efficient are permanent, the credits created by such actions should also be permanent.
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Question 5. How should Alternative Compliance Payments, regional costs, and
consumer protection be addressed?
Submitter’s Name/Affiliation: Johns Manville; Denver, Colorado

o What are the anticipated effects on state and regional electricity
prices of a CES structured according to the President’s proposal?
What are the anticipated net economic effects by region?

Please begin your response HERE. (no page limit)
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Question 5. How should Alternative Compliance Payments, regional costs, and
consumer protection be addressed?
Submitter’s Name/Affiliation: Johns Manville; Denver, Colorado

o Would other CES formulations or alternative policy proposals to
meet a comparable level of clean energy deployment have better
regional or net economic outcomes?

Please begin your response HERE. (no page limit)
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Question 5. How should Alternative Compliance Payments, regional costs, and
consumer protection be addressed?
Submitter’s Name/Affiliation: Johns Manville; Denver, Colorado

e How might various price levels for the ACP affect the deployment of
clean energy technologies?

Please begin your response HERE. (no page limit)
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Question 5. How should Alternative Compliance Payments, regional costs, and
consumer protection be addressed?
Submitter’s Name/Affiliation: Johns Manville; Denver, Colorado

o What options are available to mitigate regional disparities and
contain costs of the policy?

Including efficiency in a clean energy standard would help to address the disparity in the
availability of renewable resources in the United States. For example, utilities in areas
without robust wind or solar resources would not have to purchase renewable energy
credits from areas with those resources; instead, energy efficiency projects could be
deployed thereby benefiting local customers and workers.

[Johns Manville (JM), a Berkshire Hathaway company (NYSE: BRK.A, BRK.B), is a leading
manufacturer and marketer of premium-quality products for building insulation, mechanical
insulation, commercial roofing, and roof insulation, as well as fibers and nonwovens for
commercial, industrial, and residential applications.

With world headquarters in Denver, JM’s 5,000 employees at our forty manufacturing facilities
serve North American, European, and Asian markets that include residential and commercial
construction, wind energy, aerospace, automotive and transportation, air handling, appliance,
HVAC, pipe and equipment, filtration, waterproofing, flooring, and interiors. Notably, JM is the
only manufacturer to offer a complete line of certified Formaldehyde-free™ fiber glass home
insulation.]
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Question 5. How should Alternative Compliance Payments, regional costs, and
consumer protection be addressed?
Submitter’s Name/Affiliation: Johns Manville; Denver, Colorado

o What are the possible uses for potential ACP revenues? Should such
revenues be used to support compliance with the standard’s
requirements? Should all or a portion of the collected ACP revenues
go back to the state from which they were collected? Should ACP
revenues be used to mitigate any increased electricity costs to the
consumer that may be associated with the CES?

At least part of the ACP revenues should be dedicated to increasing home and building

energy efficiency to help offset any cost increases from deploying more renewable
energy resources.
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Question 5. How should Alternative Compliance Payments, regional costs, and
consumer protection be addressed?
Submitter’s Name/Affiliation: Johns Manville; Denver, Colorado

e Should cost containment measures and other consumer price
protections be included in a CES?

Please begin your response HERE. (no page limit)
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Question 5. How should Alternative Compliance Payments, regional costs, and
consumer protection be addressed?
Submitter’s Name/Affiliation: Johns Manville; Denver, Colorado

e How much new transmission will be needed to meet a CES along the
lines of the President’s proposal and how should those transmission
costs be allocated?

Please begin your response HERE. (no page limit)
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Question 5. How should Alternative Compliance Payments, regional costs, and
consumer protection be addressed?
Submitter’s Name/Affiliation: Johns Manville; Denver, Colorado

o Are there any technological impediments to the addition of

significantly increased renewable electricity generation into the
electrical grid?

Arguably, energy efficiency (including increasing the efficiency of buildings and roofs)
would pose the least technological impediment; instead, increasing efficiency should
generally help improve operation and reliability of the grid.
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Question 5. How should Alternative Compliance Payments, regional costs, and
consumer protection be addressed?
Submitter’s Name/Affiliation: Johns Manville; Denver, Colorado

o What are the costs associated with replacing or retrofitting certain
assets within the existing generation fleet in order to meet a CES?

Please begin your response HERE. (no page limit)
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Question 5. How should Alternative Compliance Payments, regional costs, and
consumer protection be addressed?
Submitter’s Name/Affiliation: Johns Manville; Denver, Colorado

o What level of asset retirements from within the existing generation
fleet are anticipated as a result of a CES?

Please begin your response HERE. (no page limit)
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Linde applauds DOE'’s efforts to provide a comprehensive review of the portfolio of existing and emerging
energy solutions that can help our country meet its tremendous energy and environmental challenges.
We share DOE’s belief that coal and natural gas will continue to be extremely important contributors to
meeting these challenges. We further concur advances in enabling technologies, such as carbon capture
and sequestration (CCS), will ensure these options are meeting our country’s long and near-term societal
interests.

We do have some significant concerns with the report we would like you to consider. Firstly, we do not
understand why biogas was not identified as a viable and attractive methane source. Our
recommendation is to encourage and foster the development of a diverse portfolio of methane sources,
including fossil natural gas directly from pipelines and well production areas along with biogas from
multiple sources. Linde has extensive experience successfully capturing and purifying biogas streams to
produce liquefied and gaseous methane fuels (LNG and CNG). Some of our most ambitious work along
these lines to date has been in Altamont, CA. In Altamont, we are engaged in a joint venture (JV) with
Waste Management to convert landfill gas from their facility there and convert it to LNG which fuels over
300 of Waste Management’s refuse trucks. This 13,000 gallon per day (gpd) facility is the world’s largest
land fill gas-to-LNG facility. Linde sees many opportunities to produce renewable low emission (<3g
CO2/MJ) fuel throughout the country from similar feed sources. Published reviews of the biogas potential
in the U.S. indicate this source can contribute as much as 10 billion gallons per year of vehicle fuels. This
would be a strong supplement to the more than 10 billion gallons per year of vehicle fuel that can be
provided by fossil natural gas.

Given the growing importance of natural gas to our country’s energy future, we also encourage the
development and deployment of advanced well completion techniques that can help economically expand
natural gas production while meeting other societal needs such as managing impacts on people and the
surrounding environment. Similarly, advanced enhanced oil recovery (EOR) technologies will enable the
exploitation of higher percentages of oil from existing fields.

Another omission of concern in the report pertains to hydrogen and fuel cells. Nowhere in the report do
we see any mention of this exciting and viable approach to our nation’s energy requirements. Taking our
lead from the DOE’s hydrogen and fuel cell funding program, Linde has made very considerable capital
and human resource investments in areas such as green hydrogen production, hydrogen storage, and
hydrogen station design. We have technology today that would enable a fully loaded medium sized (500
kg/day) fuelling station to operate in a commercially sustainable manner without government funding. We
have been producing 15 tons per day (tpd) of renewable hydrogen for over 25 years in our plant in
Magog. QC. When that plant was built, the site and feed source were chosen entirely based upon
economics. Yes, renewable hydrogen can be commercially competitive, when realized at commercial
scales. We have also developed a plant that reforms renewable feedstocks such as glycerol to produce
hydrogen and, via our LNG work at Altamont, we have clearly demonstrated feed methane can be
recovered from even the most challenging biogas sources. Linde is intimately familiar with all aspects of
hydrogen infrastructure — feedstock sourcing, production, storage, delivery, and dispensing — and we are
convinced the promise of hydrogen is realizable today, at commercial scales. We would strongly
encourage the DOE to not be remiss by leaving hydrogen and fuel cells out of your Quadrennial
Technology Review. DOE’s support to date has made the hydrogen and fuel cell program an undeniable
success, with all the program’s ambitious targets on schedule to be met or exceeded prior to the
projected 2015 timeline. It is no coincidence that several major automotive OEMs have identified 2015 as
the launch date of their first commercial fuel cell vehicles. DOE raised the bar, presented achievable
stretch goals and industry robustly responded with positive results.

We appreciate the time you are taking to review and consider our and other’s comments. Linde is a
company that relies heavily on very large amounts of electricity and fuel to operate our core industrial gas
business. We consume approximately 550 mW of electricity/year and 8.5 million gallons of fuel. We have
a very sober and realistic view of our company’s, our nation’s and the world’s energy and environmental
challenges. That realistic view, coupled with the commitment we have to do no harm to the communities
we serve, have led to our strong focus on the areas of biogas, natural gas, clean coal, and hydrogen as a
fuel. We are committed to continue working with the DOE towards our shared goal of environmentally,





logistically and commercially sustainable solutions. We thank you for the support you have provided
biogas, natural gas, clean coal, and hydrogen in the past. It has truly catalyzed and advanced our efforts
significantly and strengthened our belief in and commitment to all these options.

Thank you, once again, for your careful consideration of Linde’s view as both a large consumer of energy
products and a knowledgeable and deliberate investor in this arena.

Best Regards,

Mike McGowan

Head of Government Relations
Linde NA

908-771-1086 (0)
845-321-3540 (c)






Claude R. Canizares
I = Vice President for Research and Associate Provost
I I MASSACHUSETTS INSTITUTE OF TECHNOLOGY Bruno Rossi Professor of Physics

77 Massachusetts Avenue, Building 3-234
Cambridge, Massachusetts 02139—4307
Phone 617-253-3206

Fax 61725373193

To: Under Secretary for Science Steve Koonin
Department of Energy

1000 Independence Ave., SW.

Washington, DC 20585.

Submitted Through: DOE-QTRmailbox@hg.doe.gov

From: Claude Canizares

Vice President for Research and Associate Provost
Bruno Rossi Professor of Physics

Massachusetts Institute of Technology (MIT)

Date: April 15,2011

Subject: Request for Public Comment on the Department of Energy-Quadrennial
Technology Review (QTR)

Dear Under Secretary Koonin,

[ am writing in response to the Department of Energy’s Request for Comment on the
Quadrennial Technology Review (QTR), issued in the March 14, 2011 Federal Register.

Energy is a significant focus area at MIT. Through MIT’s Energy Initiative (MITEI), over
20% of Institute faculty members participate in research related to energy, and the MIT
Energy Club has over 2,800 members. MITEI, established in September 2006, is an
Institute-wide initiative designed to help transform the global energy system to meet the
needs of the future and to help build a bridge to that future by improving today's energy
systems. MITEI serves MIT as an umbrella organization for research, education, campus
energy management, and outreach activities that cover all areas of energy supply and
demand, security, and environmental impact. It has also supported a series of major
energy policy studies in recent years.

MIT looks forward to commenting on the QTR more extensively in the coming weeks,
however before the April 15, 2011 deadline [ would like to draw your attention to a
number of reports issued by MITEI in recent years.

Recent Multidisciplinary Studies and Symposia Reports:
MIT faculty members have conducted in-depth multidisciplinary energy studies designed

to inform future energy options, research, technology choices, and policy development.





These studies have been grounded in science and engineering, supported by objective
analysis, and attempt to be comprehensive in scope and input on critical energy technology
policy issues. MITEI has also held a number of symposia that gather experts from
academia, industry, and government, and have generated reports representing a wide
array of perspectives on topics of interest to policy leaders.

A number of these multidisciplinary studies and symposia reports are highlighted below,
including:

* The Future of Nuclear Power (July 2003, updated in March 2009)

* The Future of Geothermal Energy (November 2006)

* The Future of Coal (March 2007)

* On The Road in 2035: Reducing Transportation's Petroleum Consumption and
Greenhouse Gas Emissions (July 2008)

* Retro-Fitting of Coal-Fired Power Plants for CO2 Emissions Reductions (March
2009)

* An Action Plan for Cars (December 2009)

* The Electrification of the Transportation System: Issues and Opportunities
Symposium (April 2010)

* (ritical Elements for New Energy Technologies (April 2010)

* The Future of Natural Gas Interim Report (June 2010)

The Future of Nuclear Power (July 2003, updated in March 2009)

An interdisciplinary MIT faculty group decided to study the future of nuclear power
because of a belief that this technology is an important option for the United States and the
world to meet future energy needs without emitting carbon dioxide and other atmospheric
pollutants. This study discusses the interrelated technical, economic, environmental, and
political challenges facing a significant increase in global nuclear power utilization over the
next half century, and what might be done to overcome those challenges. In March 2009,
MITEI issued an Update to the 2003 report. This Update reviews what has changed from
2003 to today with respect to the challenges facing nuclear power mentioned above. A
second purpose of the Update is to provide context for the MIT study, The Future of the
Nuclear Fuel Cycle, also summarized below.

The 2003 full report can be found here:
http://web.mit.edu/nuclearpower/

The 2009 update can be found here:
http://web.mit.edu/mitei/docs/nuclearpower-update2009.pdf

The Future of Geothermal Energy (November 2006)

An 18-member panel led by MIT and supported by the National Renewable Energy
Laboratory (NREL) carried out a comprehensive assessment of enhanced, or engineered,
geothermal systems to evaluate the potential of geothermal energy becoming a major
energy source for the United States. Geothermal resources span a wide range of heat
sources from the Earth, including not only the more easily developed, currently economic
hydrothermal resources, but also the Earth’s deeper, stored thermal energy, which is





present anywhere. Although conventional hydrothermal resources are used effectively for
both electric and nonelectric applications in the United States, they are somewhat limited
in their location and ultimate potential for supplying electricity. Beyond these conventional
resources are enhanced geothermal systems (EGS) resources with potential for primary
energy recovery using heat-mining technology, which is designed to extract and utilize the
earth’s stored thermal energy. Because EGS resources have significant potential for the
long term, the study team focused its efforts on evaluating what it would take for EGS and
other unconventional geothermal resources to provide 100,000 MWe of base-load electric-
generating capacity by 2050.

The full report can be downloaded here:
http://www.inl.gov/technicalpublications/Documents/3589644.pdf

The Future of Coal (March 2007)

An interdisciplinary MIT faculty group examined the role of coal in a world where
constraints on carbon dioxide emissions are adopted to mitigate global climate change.
This report evaluates the technologies and costs associated with the generation of
electricity from coal, along with those associated with the capture and sequestration of the
carbon dioxide produced coal-based power generation. Growing electricity demand in the
U.S. and in the world will require increases in all generation options (renewables, coal, and
nuclear) in addition to increased efficiency and conservation in its use. Coal will continue to
play a significant role in power generation and as such, carbon dioxide management from it
will become increasingly important. This study, addressed to government, industry and
academic leaders, discusses the interrelated technical, economic, environmental and
political challenges facing increased coal-based power generation while managing carbon
dioxide emissions from this sector.

The full report can be downloaded here:
http://web.mit.edu/coal/

On The Road in 2035: Reducing Transportation's Petroleum Consumption and
Greenhouse Gas Emissions (July 2008)

This report summarizes the results of a research program that assessed the technology of
light-duty vehicles and fuels that could be developed and commercialized during the next
25 years. The study group’s objective was to assess and compare options for reducing fuel
consumption, especially fuels from petroleum and greenhouse gas (GHG) emissions, during
the production and use of both fuels and vehicles. The research for this report was confined
to industrialized countries, with an emphasis on the United States but also including some
western European countries. The study first assessed the application of new vehicle and
fuel technologies to the performance, cost, and lifecycle emissions of individual vehicles;
and then considered the effects on the total on-the-road fleet of introducing those
technologies using plausible assumptions about how rapidly they could be developed,
manufactured, and sold to buyers to replace existing vehicles and fuels or to add to the
total fleet.

The full report can be downloaded here:
http://web.mit.edu/sloan-auto-lab/research/beforeh2 /otr2035/






Retro-Fitting of Coal-Fired Power Plants for CO2 Emissions Reductions (March 2009)
On March 23, 2009, MITEI sponsored a symposium on the retrofitting of coal-fired power
plants to capture carbon dioxide emissions. This report summarizes the views of
symposium participants and identifies many key issues, opportunities, and possible “next
steps” associated with retrofitting coal-fired power plants for carbon capture. It is
important to note that this is a report on the proceedings and papers that informed those
proceedings; it is not a study. The report represents a range of views from those at the
symposium and where possible, includes consensus or general recommendations from the
presenters and participants; it is not intended to represent the views of all the participants.
Participants represented the range of stakeholders with expertise, equities, and interests in
the topic and included 54 representatives of utilities, academia, government, public interest
groups, and industry. The report includes four papers, three commissioned for the
symposium, to start discussion of current and long-range technologies and research
management objectives and strategies.

The full report can be downloaded here:
http://web.mit.edu/mitei/research/reports.html

An Action Plan for Cars (December 2009)

This report describes a portfolio of policies, which, in the view of the authors, is needed to
put personal vehicle transportation on the road to sustainability in the longer term.
Reducing petroleum consumption and greenhouse gas (GHG) emissions from cars and
light-duty trucks in the United States over the next several decades will require that the
country implement a clear and coordinated set of policies now. To incentivize adoption of
more fuel-efficient vehicles, the study proposes coupling existing near-term fuel economy
standards with a feebate incentive program and gradual increases in fuel taxes. The study
further proposes driver education initiatives that would give vehicle owners information
on how to maximize fuel savings in their purchase and driving decisions. Finally, the study
underscore the need for a long-term strategy for fuels that evaluates fuels-related
programs based on their contribution to reducing life-cycle petroleum consumption and
GHG emissions.

The full report can be downloaded here:
http://web.mit.edu/mitei/docs/research/actionplan.pdf

The Electrification of the Transportation System: Issues and Opportunities (April
2010)

On April 8, 2010, the MIT Energy Initiative, together with Ormat, Hess, Cummins and
Entergy, sponsored a symposium on the electrification of the transportation system. The
symposium’s 68 participants, all experts with wide-ranging backgrounds and points of
view, helped to frame the issues, opportunities, and challenges associated with vehicle
electrification. The symposium was organized into four panels that addressed key issues:
(1) why vehicle electrification matters, (2) vehicle technologies, (3) infrastructure, and (4)
policy options. This report reflects the major points of discussion, and presents a range of
possible “next steps” for the consideration of policy makers and other interested
individuals and entities. It is important to note that this is a report on the proceedings and





papers that informed those proceedings; it is not a study. The report represents a range of
views from those at the symposium and, where possible, includes consensus or general
recommendations from the presenters and participants; it is not intended to represent the
views of all the participants.

The full report can be downloaded here:
http://web.mit.edu/mitei/research/reports/transport-electrification.html

Critical Elements for New Energy Technologies (April 2010)

On April 29th, 2010, MITEI, together with the American Physical Society’s (APS) Panel on
Public Affairs and the Materials Research Society (MRS), co-sponsored a workshop on
critical elements for new energy technologies that took place at MIT. The possibility that
important new technologies for the generation, transmission, storage, or use of energy
might be constrained by limitations on the availability of certain elements has only recently
attracted significant attention. The purpose of the workshop was to bring together experts
in the diverse areas that bear on this novel issue and to try to determine the context, scope,
complexity, and finally, the seriousness of the problem. The workshop also served as the
start for an APS/MRS study of energy-critical elements (released in February 2011) that
draws conclusions and recommends policy on this subject. This report summarizes the
presentations and discussions that took place at the workshop. The report identifies many
of the key issues that will dominate the discussion of energy critical elements in the future.
A summary of key issues and themes, from the presentations and discussions, precedes the
full rapporteur’s report. In keeping with the exploratory nature of the meeting, however,
the report refrains from drawing conclusions and making recommendations.

The full report can be downloaded here:
http://web.mit.edu/miteicomm /web/reports/critical elements/CritElem Report Final.pdf

The Future of Natural Gas Interim Report (June 2010)

The Future of Natural Gas interim report is the third in a series of MIT multidisciplinary
reports examining the role of various energy sources that may be important for meeting
future demand under carbon dioxide emissions constraints. The first two reports dealt
with nuclear power (2003) and coal (2007). A study of natural gas is more complex
because gas is a major fuel for multiple end uses—electricity, industry, heating—and is
increasingly discussed as a potential pathway to reduced oil dependence for
transportation. In addition, the realization over the last few years that the producible
unconventional gas resource in the U.S. is very large has intensified the discussion about
natural gas as a "bridge" to a low-carbon future. The report attempts the integrated
analysis reported here as a contribution to the energy, security, and climate debate. The
study linked below is an interim report on the findings and recommendations, with a full
report with additional analysis addressing a broader set of issues expected later this year.

The interim report can be downloaded here:
http://web.mit.edu/mitei/research/studies/naturalgas.html






The Future of the Nuclear Fuel Cycle (September 2010)

In 2003 MIT published the interdisciplinary study The Future of Nuclear Power referenced
above. The underlying motivation was that nuclear energy, which today provides about
70% of the “zero”- carbon electricity in the U.S., is an important option for the market place
in a low-carbon world. Since that report, major changes in the U.S. and the world have
taken place as described in the 2009 Update of the 2003 Future of Nuclear Power report.
Concerns about climate change have risen and a number of countries have adopted
restrictions on GHG emissions to the atmosphere. Projections for nuclear-power growth
worldwide have increased and construction of new plants has accelerated, particularly in
China and India. This study on The Future of the Nuclear Fuel Cycle was carried out
because of the continuing importance of nuclear power as a low-carbon option that could
be deployed at a scale that is material for mitigating climate change risk, namely, global
deployment at the terawatt scale by mid-century.

The full report can be downloaded here:
http://web.mit.edu/mitei/docs/spotlights/nuclear-fuel-cycle.pdf

[ hope that you and your staff find these reports useful as you undertake the DOE QTR. One
of the complexities of energy is that it includes many technology and resource segments,
requiring policies relevant to those segments. MIT’s reports referenced above attempt to
decipher the energy policy framework with approaches relevant to these segments. While
cross-cutting policies across segments should be sought in the QTR process, many policy
approaches will inevitably be applicable to particular sectors. We hope the approaches
recommended in these reports will be particularly helpful as you consider the latter course.
As mentioned previously, MIT looks forward to submitting further comments on the QTR in
the coming weeks.

[ want to express MIT’s appreciation for the Department’s recognition of the value of
outside input into this important undertaking. MIT’s faculty and staff stand ready to assist
you as you move forward in these efforts. If your offices have any follow up questions,
please contact Abby S. Benson in MIT’s Washington, DC Office at (202) 789-1828.

Sincerely yours,

Ot

Claude R. Canizares
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Date: June 16, 2011

To: Under Secretary for Science Steven Koonin
Department of Energy

1000 Independence Ave., SW.

Washington, DC 20585.

Submitted Through: DOE-QTRmailbox@hg.doe.gov

From:

Claude Canizares

Vice President for Research and Associate Provost
Bruno Rossi Professor of Physics

Massachusetts Institute of Technology (MIT)

Ernest ]. Moniz

Director, MIT Energy Initiative

Cecil and Ida Green Distinguished Professor of Physics and Engineering Systems
Director, MIT Laboratory for Energy and the Environment

Subject: Request for Public Comment on the Department of Energy-Quadrennial
Technology Review (QTR)

Dear Under Secretary Koonin:

We are writing in response to the Department of Energy’s Request for Comment on
the Quadrennial Technology Review (QTR), issued in the March 14, 2011 Federal Register.
MIT submitted an initial response on April 15, 2011, and this submission serves as a follow
up with additional information pertaining to the specific questions outlined in the Request
for Information (RFI). The organization of this document follows that of the questions
posed in the RFI.

Energy is a significant focus area at MIT. Through MIT’s Energy Initiative (MITEI),
over 20% of Institute faculty members participate in research and education related to
energy, and the MIT Energy Club has over 2,800 members. MITE], established in November
2006, serves MIT as an umbrella organization for research, education, campus energy
management, and outreach activities that cover all areas of energy supply and demand,
security, and environmental impact. It has also supported a series of major energy policy
studies in recent years (see MIT’s previous submission to the DOE QTR RFI).

Based in part on MIT’s experience, and after consultation with those involved with





energy across the Institute, this submission provides input on four of the topic areas
outlined in the RFI: “U.S. Energy Framework,” Clean Energy Leadership,” “Program
Definition and Leadership,” and “Technology Leadership.” Each topic is reviewed in
succession below.

I. Comments on “U.S. Energy Framework”:

MIT applauds the Department for initiating the QTR, and for considering input from
stakeholders at the outset of the process. We hope that the QTR will ultimately develop into
a broad energy technology strategy, built and continuously informed through a
coordinated, ongoing, public-private process. We also hope that the QTR can work in
concert with the recently released DOE Strategic Plan, and that these will be well integrated
in the future.

A public-private partnership. As outlined in the QTR framing document, the DOE
QTR is different from similar reviews at the Departments of Defense (DoD) and Homeland
Security (DHS), in that “the deployment, ownership, and operations of energy technologies
are almost entirely nongovernmental functions that are determined by government
policies and investment.” This reality will require that the QTR become a living document
continuously informed by outside stakeholders. The QTR should function as an active
public-private partnership, with private sector leadership, academic inputs, and
transparency throughout the process.

Team B. Another recommendation would be to institute a non-partisan,
independent review panel for the QTR, a “Team B”, comprised of outside experts who
regularly assess the progress of the QTR. The members of such a panel should be
recognized experts drawn from industry—both established and new entrants—and
academia, as well as other appropriate sectors. A potentially useful model for this panel
could be the National Defense Panel, as proposed in the Military Force Structure Review
Act of 1996, to review and assess the Quadrennial Defense Review (QDR). The participation
of such a panel in an ongoing energy strategic process will not only drive a more
comprehensive strategic planning process, but will also help build a constituency to
support the Department, both intellectually and politically.

II. Comments on “Clean Energy Leadership”:

Stable, sustained, and predictable investments in R&D. In order to ensure the
nation’s clean energy leadership, the Department should support stable, sustained, and
predictable investment in energy research and development (R&D) across the energy
technology innovation system. The importance of this investment in building and
maintaining the nation’s leadership in clean energy cannot be overstated, particularly given
that clean energy technology innovation may drive a major global business opportunity
and U.S. leadership is by no means assured.

The Department’s recent introduction of innovative research programs at the “front
end” of the energy innovation system, particularly Energy Frontier Research Centers
(EFRCs), the Advanced Research Projects Agency-Energy (ARPA-E), and Energy Innovation
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Hubs are promising efforts to identify and overcome some of the most significant barriers
to the front end of energy innovation. The robust and complementary portfolio these
programs offer, in addition to the Office of Science’s basic research programs, help
maximize the nation’s ability to achieve energy breakthroughs. Our view is that the
Department’s energy R&D program should be weighted even more towards sustained
support for multidisciplinary teams focused on key science and technology barriers to
lower cost clean energy.

Connected science. In order to benefit fully from the fruits of this research and
bring them to market, the Department also needs to focus on strengthening the “back end”
of the innovation system. This will require an effort to break down barriers between the
basic and applied research programs, thus helping to more effectively move technologies to
market. Too often, stovepipes put in place between basic and applied programs make it
difficult to identify advances in one that could benefit the other. Energy innovation in
today’s world eschews this linear and compartmented view of the energy innovation
pathway, from the most basic research to the broadest technology deployment. As outlined
in the 2005 National Research Council report, Assessment of Department of Defense Basic
Research, basic and applied research are often intertwined and rely on each other for
advancement. This report describes the interconnectedness as follows:

“It is also important to note that the need for discovery from basic research does
not end once a specific use is identified, but continues through applied research,
development, and operations stages. Basic research is not part of a sequential, linear
process from basic research, to applied research, to development, and to
application. DOD should view basic research, applied research, and development as
continuing activities occurring in parallel, with numerous supporting connections
throughout the process.”?

Technology transfer. A critical step in this effort will be facilitating technology
transfer across all DOE research areas. While university partners of DOE have traditionally
focused on conducting basic research and training the next generation workforce, many
universities—MIT is just one of many examples—are also increasingly incubators of
scientific and technical innovation. With the demise of large industrial research
laboratories, universities are home to the great majority of basic scientific research
conducted in the U.S., as well as a growing level of applied research. This combined
fundamental science and engineering is a prerequisite to creation of new technologies, new
businesses, and new jobs that fuel the nation’s long-term economic competitiveness. DOE
programs need to better reach this capability.

Cost sharing. Unfortunately, university efforts to partner with DOE on applied
research are currently stymied by the 20 percent cost-share requirement across its applied
programs. ARPA-E recognized this problem when, after its first funding opportunity
announcement, it took advantage of flexibility in statute to reduce the cost share to 10
percent, thus improving universities’ ability to compete. While a positive development,
even a 10 percent cost share requirement is difficult for universities to meet, especially in

1 National Research Council report; “Assessment of Department of Defense Basic Research” (2005), available at:
http://books.nap.edu/catalog.php?record_id=11177
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these challenging fiscal times. Cost sharing is made for profit-making entities but does not
fit with non-profit university financing. Research universities receive revenues from three
main sources—federal support for research, tuition applied to offset the costs of education,
and endowments and gifts, which are usually highly restricted in their use. Many public
institutions also receive State funding, although this is generally aimed at making education
more affordable for in-state students. In our estimation, neither state governments nor
private donors would be inclined to support cost-sharing for federally funded research.

Without access to independent financing to support the cost-share requirement,
universities are sometimes unable to partner with the DOE in this important component of
the energy innovation system. DOE should use its cost sharing flexibility to waive these
requirements for universities. This recommendation is also echoed in the recently issued
President’s Advisory Council on Science and Technology (PCAST) report entitled
“Accelerating the Pace of Change in Energy Technologies through an Integrated Federal
Energy Policy”?: “...the Administration should work to eliminate the 20 percent matching
requirement for applied energy research programs for universities and non-profit entities.”

Collaboration with other federal agencies. Another avenue the DOE should pursue
to strengthen the back-end of the innovation system is collaboration with federal agencies.
As DOE is recognizing, the DoD, for example, offers an excellent opportunity for
partnership, with its more than 500 major military installations and over 300,000 buildings
all over the world, and varied operational units reliant on all forms of energy for their
success.? DoD installations and units located in various geographies and climates could
serve as excellent test beds for implementation of new technologies coming out of the DOE.
The DOE should build on the success of the recent Memorandum of Understanding (MOU)
signed with the DoD, to create and staff a permanent joint program office shared by both
departments to facilitate implementation of principles outlined in the MOU, including those
related to technology development and deployment. While the MOU is significant and
represents a commitment on the part of the two Department Secretaries, true success in
this endeavor will only be met if there is a complementary “bottom up” connection and
effort at the program manager level; a joint program could be designed to facilitate this.

Developing the next generation energy workforce. Another key driver behind
clean energy leadership is the development of the next generation of energy technology
leaders. Effective and adaptable solutions to energy challenges will require that workforce
members not be locked into narrow ways of thinking. Members of the energy workforce
must have the capacity to appreciate, absorb, and work effectively with information,
individuals and organizations from outside of their own area of expertise. Three areas of
opportunity are discussed below.

Graduate training program in integrative energy systems. This next generation
energy workforce would benefit greatly from a robust cross-disciplinary education,
particularly at the graduate education level. This program could be modeled on the

2 See “Accelerating the Pace of Change in Energy Technologies through an Integrated Federal Energy Policy” PCAST, p. 25, available at:
http://www.whitehouse.gov/sites/default/files/microsites/ostp/pcast-health-it-report.pdf

3 See White House Energy Security Forum, Discussions by the Deputy Secretaries of Defense and Energy, April 24, 2011, available at:
http://www.whitehouse.gov/photos-and-video/video/2011/04 /26 /white-house-forum-energy-security
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National Institutes of Health (NIH) Training Grant Program. The NIH Training Grants create
“communities of education and research,” bringing together faculty dedicated to a shared
educational goal, and support graduate student fellowships, seminars, and course
development. Eligible institutions would compete to develop the strongest programs,
seeking five-year awards to support pre- and post-doctoral trainees enrolled in integrated
curricula and research in energy. Institutions would then recruit qualified students who are
committed to careers in energy research, and provide mentoring and career development.
This approach would enable coherent models of graduate curricula for energy to develop at
universities, as opposed to an approach focused on single fellowships for individual
students, which would support students engaged in energy research, but would not foster
the development of integrated energy curricula. Through training grants, pilot curricula
would develop that could be widely circulated among other universities’ graduate
programs.

Training grant-supported programs can encourage collaboration among
departments and provide opportunities to teach new graduate courses at the interface
between disciplines. A DOE-sponsored training grant program would contribute to the
development of a diverse and highly trained workforce available to assume leadership
roles in addressing the Nation’s complex energy research and training needs. (The NIH
Training Grants have provided powerful and effective incentives for recruiting a diverse
community of graduate students.) Establishment of DOE training grant programs is also
one of the major recommendations of the PCAST report.?

Development of energy curricula. Energy education programs should be
multidisciplinary, while including the rigor of deep understanding of the tools and ways of
thinking of a core discipline. MIT recently instituted an energy minor for its
undergraduates. The Institute chose to develop a minor rather than a major in energy,
recognizing that depth of knowledge and specialization are both needed, but are not by
themselves sufficient. Members of the nation’s energy workforce must appreciate and
apply their specialty in the complex and dynamic context of energy systems.

Multidisciplinary education also requires integrative learning. The sheer complexity
of global energy and climate challenges requires integrating expertise from many
disciplines. This is easy to recognize but difficult to systematically operationalize and
measure. Many traditional learning environments are not ideally equipped to foster or
to evaluate integrative learning. Several observations on the challenge of integrative
learning for energy arising from experience to-date with MIT’s Energy Studies Minor are
shared in a response to a request for information submitted by MIT to the DOE in 2009.4

The DOE could support institutional efforts such as this to encourage universities to
implement multidisciplinary and integrative academic programs. In addition to assistance
with development of energy curricula, the DOE could help circulate different models, and
institute virtual support mechanisms for institutions, faculty, and students.

4+ MIT response to DOE RFI on Energy Education, available at:
http://web.mit.edu/dc/Policy/mit-rfi-response.pdf





Graduate fellowship program. Another exciting program that is worthy of
expansion is the DOE Office of Science Graduate Fellowship Program. This fellowship
program has garnered significant attention and enthusiasm throughout academia, as the
only coordinated fellowship program designed to meet the nation’s long-term workforce
needs related to the DOE’s missions in energy, environment, and scientific discovery.

III. Comments on “Program Definition and Management”:

Organizational support for connected science. In order to be successful in
conducting fundamental research and gleaning the promise of potential technologies in the
market place, the Department must do a better job of integrating the science and energy
missions at DOE, thereby increasing the connections between basic and applied research,
as discussed above. Creating a single Undersecretary for Energy and Science would better
serve the country’s energy needs and more effectively align the Department’s missions and
research portfolios with policy objectives and operational capabilities.

Although such a move may not be universally welcomed, energy technology
development is an urgent priority and it will be served better if there is a single individual
responsible for the entire energy innovation continuum, from the most basic science
problems to issues of wide-scale deployment. Coupled with capable leadership at the top
with knowledge of science and technology development, this organizational structure
would help rationalize and optimize the performance of DOE’s laboratories, and help clarify
their mission.

Fuels versus sectors. Another area of improvement could be shifting away from the
Department’s organization of energy technology offices around fuels (e.g., nuclear, fossil,
renewables), with efficiency illogically placed in the renewables office even though its
opportunity targets are largely in the fossil fuel arena. This structure perpetuates a
growing energy anachronism: fuels with discrete end uses such as oil for transportation or
coal for power. In fact—and largely enabled by basic science advances in materials,
storage, catalysis, conversion—fuels are much more interchangeable in their end uses.
Coal, gas, and biomass to liquids for transportation and electric hybrid vehicles fueled by
coal-fired or renewable power generation are just two examples of this growing capability.

This fuel-centric organizational structure is backward-looking and has been
overtaken by technology advances. Structuring programs and program leadership around
key energy uses—transportation, power, heat, electricity—as opposed to fuels would
foster an updated and more comprehensive portfolio approach to energy R&D and related
policy development.

IV. Comments on “Technology Demonstration”:

Federally-supported demonstration projects, in theory, aim to provide a set of
public goods by demonstrating the commercial viability of key energy technologies that are
considered too risky or unsupported by current policy for the private marketplace to fully
finance. In exchange for bearing part of the risk of the project, the government gains access
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to critical data that informs public policy options as well as policy makers, the public,
investors, regulators, energy providers, equipment manufacturers, and other key
constituencies. Because the ultimate goal is market deployment, information gleaned from
such projects should be as “high fidelity” as possible in order to inform commercial
practices in project design, construction, operation, and performance.

Challenges of innovating in established sector. Federal involvement in this link of
the innovation chain is inherently contentious, raising the specter of government intrusion
in private markets in which it arguably picks winners and brands losers. As the energy
sector is well-established, however, new entrants face great difficulty without compelling
information on cost, efficiency, and performance. Absent this, new technologies will not be
deployed, so demonstration becomes absolutely critical. Without strong cost and efficiency
information tied to realistic technology options deployment at scale will remain elusive,
thus, significant government intervention will be required over the next decade if the
marketplace is to have viable, demonstrated options for a future low-carbon world.

In the current environment, DOE is required to manage large-scale demonstration
projects under restrictive federal procurement rules and industry match requirements, and
do so under the uncertainty of annual appropriations. These untenable conditions—
inflexibility bounded by uncertainty—inherently compromise the value of the information
obtained. This is highly problematic in today’s energy environment, and suggests the need
to explore alternative financing mechanisms.

Drawbacks of existing loan guarantee program. Following demonstration, the
next stage in the innovation chain involves deployment into initial markets. DOE’s current
Loan Guarantee program is, in theory, a positive initial step in helping to move technologies
past the initial commercialization barrier. However the mandate language in the program’s
authorizing legislation builds in potential contradictions. It is limited to deployment-ready
projects, thereby excluding many emerging technologies as well as the demonstration
stage. The “high probability of commercial success” statutory clause, perhaps due to the
legacy of failed 1980s synthetic fuels projects, significantly limits the risks that the program
can take with innovative technologies, which further rules out emerging technologies.
These structural problems in the program, as well as lingering processing problems
because of the varying agency perspectives of DOE, Office of Management and Budget
(OMB) and the Department of the Treasury, require correction. At lease two alternative
mechanisms are under consideration.

Quasi-public corporation model. One model of a creative financing mechanism to
support large-scale demonstration projects, which could spur deployment, could be a
quasi-public corporation.5 This corporation would provide indirect incentives to make the
demonstration as credible as possible to potential donors, rely on commercial practices
free from government procurement rules, and have access to multi-year funding that
permits efficient execution of demonstration programs. The corporation would be made up
of individuals with direct experience in areas such as industry capability, market needs,

5 Proposed by former Undersecretary of Energy John Deutch in What Should the Government Do To Encourage Technical Change in the
Energy Sector; Report No. 120 for MIT Joint Program on the Science and Policy of Global Change; May 2005; available at:
http://web.mit.edu/globalchange /www/MITJPSPGC_Rpt120.pdf

7





and financial incentives. DOE has had difficulty attracting experienced personnel with
commercial-scale engineering and finance expertise; a corporation should be able to more
easily attract such talent. Such a corporation would not favor particular fuels or supply
over end-use, but would require a capital investment derived from a mechanism outside of
the annual appropriations process, to reach success.

Clean energy deployment administration. Another useful model, in the initial
deployment area, could be that of the Clean Energy Deployment Administration (CEDA), as
proposed in Title I, Subtitle A of the American Clean Energy Leadership Act of 2009. The
CEDA would be an independent administration within DOE, similar to the Federal Energy
Regulatory Commission, with strong financial expertise and the goal of creating an
environment conducive to investments for development and deployment of new clean
energy technologies. CEDA would provide credit to support deployment of clean energy
technologies in the forms of loans, loan guarantees (absorbing and rationalizing existing
DOE loan guarantee authority), and other support mechanisms, as well as secondary
market support to develop alternative products to encourage investment by the private
sector.

Collaboration with DoD. Finally, as discussed above, the DOE should pursue
potential deployment and demonstration opportunities within the DoD’s significant fixed

and operational asset base.

IV. Conclusion

We want to express MIT’s appreciation for the Department’s recognition of the
value of outside input into this important undertaking. MIT’s faculty and staff stand ready
to assist you as you move forward in these efforts. If your offices have any follow up
questions, please contact us through Abby S. Benson in MIT’s Washington, DC Office at
(202) 789-1828.

Sincerely yours,

O bt

Claude R. Canizares
MIT Vice President Research and Associate Provost
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Ernest]. Moniz
Director, MIT Energy Initiative






Massachusetts
Sy M Hydrogen
Coalition

April 13, 2011

Department of Energy,

Office of the Under Secretary for Science (S4)
1000 Independence Ave.,

SW., Washington, DC 20585

Subject: Quadrennial Technology Review (DOE-QTR)

We are concerned that the Quadrennial Technology Review omits promising fuel cell and
hydrogen technologies that are on the cusp of commercialization: residential distributed combined
heat and power generation, refuelable UPS for computer and cell tower back up, fork lift motive
fuel cell power. Other nations including the United Kingdom, Germany, Japan and South Korea
have major programs to actively promote these applications to reduce greenhouse gas
emissions, reduce demand on the grid, and reduce central power generation fuel usage.

We agree and applaud language supporting “request for information” and having DOE role
established to “enable options for the private sector”. The DOE'’s role should not be to pick
winners or losers but to allow the market to make those choices. The DOE should include a
section on fuel cell and hydrogen technologies and cite progress made by the DOE in their
technical validation projects where NREL has collected detailed data.

The RFI notes that DOE intends to review the draft QTR document, suggested changes and
additions with “advisory committees, workshops, & expert discussion groups.” We recommend
that that the DOE includes the Hydrogen and fuel cell technology committee (HTAC) as a
reviewer of this important document. HTAC was established by Congress to provide expert
advice to the Secretary regarding hydrogen and fuel cell technology.

Sincerely,

Charles A. Myers

President & Board Member
Massachusetts Hydrogen Coalition
9 Curtis Lane

Medway, MA 02053

C: (508) 380-1759
cmyers@massh?2.org

Massachusetts Hydrogen Coalition, Inc.
9 Curtis Lane, Medway, MA 02053 - 508-380-1759 - www.massh2.org






Response to Quadrennial Technology Review Framing Document
and Request for Public Comment

Submitted by: Natel Energy, Inc.
2175 Monarch St.
Alameda, CA 94501

Gia Schneider - CEO
510.984.3644
gia@natelenergy.com

Natel Energy, Inc. (Natel) welcomes the opportunity to participate in public dialogue concerning
the Department of Energy’s Quadrennial Technology Review Framing Document (Framing
Document). We would like to preface our response to a selection of the questions outlined in
the Notice of Availability and Request for Public Comment by first addressing the assumptions
inherent in Section 6.2.3 of the Framing Document, “Adoption and Deployment of Clean
Electricity Supply”.

H. Technologies and Resources. The framing document published in association with this
announcement describes each of the six strategies just mentioned in greater detail, and
highlights several technologies that could contribute to success in each strategy. For each
technology or set of technologies, the framing document provides a non-exclusive list of
resources that we intend to draw upon as we develop the DOE-QTR.

Section 6.2.3 of the Framing Document, “Adoption and Deployment of Clean Electricity Supply”,
provides overviews and bibliographies of resources for nuclear, wind, CSP, PV, and CCS
technologies, while a discussion of hydroelectric, marine, and geothermal technologies is
confined to the one-paragraph “Other Clean Electricity Supply Technologies” section which
concludes the Framing Document.

We suggest that the assumptions inherent in this structure require reexamination. Nuclear,
wind, and solar power technologies are presented as notable features in the “national energy
landscape” -- a phrase taken from page two of the Framing Document -- as “other” disparate
technologies are grouped together as a background element. The Framing Document’s failure to
distinguish between the hydroelectric, marine, and geothermal technologies in a significant way
demonstrates a lack of awareness not only of recent innovations in these areas, but of the
bodies of existing literature and research unique to each.

As a startup working to commercialize a new low-head hydropower technology, we are
representative of a number of small cleantech businesses engaged in exactly the kind of work
the Department of Energy purports to encourage, who will be marginalized by this vision of the
national energy landscape. We suggest creating a new taxonomy which demonstrates
awareness of and interest in the separate scientific discourses around hydroelectric, marine, and
geothermal technologies equal to the awareness and interest demonstrated in the discussions
of nuclear, wind, and solar power.





Conventional hydropower supplies more than 7% of the current annual electricity supply in the
U.S. In addition to basic service of generating kWh, hydropower is a flexible, dispatchable
generation source that provides valuable regulation to help stabilize the grid. Both the U.S.
hydropower industry and the Department of Energy see significant potential for new capacity
development of conventional hydropower in:

e low-head settings (primarily at weirs and drops on the more than 110,000 miles of
constructed waterways and conduits, and at the more than 40,000 existing non-power
dams under 25-feet tall)

e capacity upgrades at existing hydropower facilities

e new closed loop pump storage

o further development of the more than 80,000 existing dams in the U.S., less than 3% of
which currently produce electricity

For information about hydropower technologies and the potential for small-scale conventional
hydropower in the United States, we recommend the following resources as a starting point.
e Testimony provided to the Senate Energy and Natural Resources Committee on March
31, 2011:

0 Mr. Steven G. Chalk - Chief Operating Officer and Acting Deputy Assistant
Secretary, U.S Department of Energy —
http://energy.senate.gov/public/ files/33111FinalTestimonyChalk.pdf

0 The Honorable Michael Connor - Commissioner, Bureau of Reclamation, U.S.
Department of the Interior —
http://energy.senate.gov/public/ files/ConnorTestimonyS6290331110.pdf

0 Mr. Jeff C. Wright - Director Office of Energy Projects, Federal Energy Regulatory
Commission —
http://energy.senate.gov/public/ files/Wrighttestimony331110.pdf

o Small Hydropower Technology and Market Assessment Report submitted to Energy
Trust of Oregon —
http://www.oregon.gov/ENERGY/RENEW/Hydro/docs/SmallHydropowerTechnology-
and-Market Assessment.pdf?ga=t

e Job Creation Opportunities in Hydropower — http://hydro.org/wp-
content/uploads/2010/12/NHA JobsStudy FinalReport.pdf

e Hydropower Resource Assessment, Idaho National Lab —
http://hydropower.inel.gov/resourceassessment/index.shtml

e (California Small Hydropower and Ocean Wave Energy Resources —
http://www.energy.ca.gov/2005publications/CEC-500-2005-074/CEC-500-2005-074.PDF

A. DOE Energy Technology Mission. Is the mission statement, “[t]o facilitate the invention,
refinement, and early deployment of meaningful technologies that enable options for scaling
by the private sector toward national energy goals,” appropriate for energy technology
development and deployment programs of the Department?

Yes, the Department of Energy can and should focus efforts on facilitating innovation and
enabling commercialization at scale by supporting early deployment. Focusing only on
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innovation, without a complementary undertaking on deployment hamstrings the effectiveness
of the Department’s efforts to achieve the large-scale commercialization of the most impactful
energy innovations.

C. Clean Energy Leadership. How can DOE activities best support leadership in clean energy
innovation? In clean energy manufacturing? In clean energy deployment? How do we balance
international competitiveness against international cooperation?

The DOE can best support leadership in clean energy innovation by:

Being aware of and supporting new technologies, both directly through funding, and
indirectly by working with other federal agencies to address non-monetary market
barriers

Supporting policies that give financial incentives to investing in and developing
innovative energy technologies

Helping companies developing new technologies build partnerships with national labs
working in relevant and complementary areas

Fostering competition among technologies for funding

The DOE can best support leadership in clean energy manufacturing by:

Funding research to improve manufacturing processes
Supporting policies that positively impact competitiveness of the manufacturing sector

The DOE can best support leadership in clean energy deployment by:

Funding renewable energy demonstration projects

Assisting companies, particularly startups, in building connections to other agencies
such as the Ex-Im Bank and OPIC that can help scale deployment abroad

Assisting companies, again particularly startups, to understand ways to protect
intellectual property in projects deployed abroad

Complementing the loan guaranty program with support for warranties of new,
innovative technologies

D. Program Definition and Management. What principles should the Department follow for
allocating resources among technologies of disparate maturity and potential time to impact?
How many technology options should the Department provide for the private sector, and how
should the value of that diversity be weighed against timeliness, scale, and cost-effectiveness?
What should the threshold be for entry of a technology into the DOE portfolio? Does every
technology deserve a program? ... How can DOE be more effective at each stage of the
innovation chain?

We suggest that the Department evaluate programs and technologies through the lens of cost —
both upfront cost per kW and ongoing delivered cost of energy (per kWh). Different sectors
have different concentrations of technologies earlier or later in the development curve, all of
which could be deserving of support, if the potential for driving costs down, while bringing
significant, new, low-carbon energy online (or reducing energy consumption) exists.

F. Technology Demonstration. How close to commercial viability does a demonstration have to
be? What are the optimal cost sharing arrangements? How might demonstrations be





coordinated with DOE financing activities? How can demonstration projects better benefit all
stakeholders beyond the immediate participants? How are lessons-learned best captured and
promoted, and how is intellectual property best handled? How should DOE determine the
number of demonstrations needed to address technical and operation risk? How do we think
about failure in the demonstration phase?

The Department plays a crucial role in helping to fund demonstration projects of new
technologies. The SBIR (Small Business Innovation Research) program illustrates one very
productive approach to sequencing DOE’s financing efforts by first funding small feasibility
analyses before moving funding larger amounts associated with commercialization and
demonstration. While certain aspects of any demonstration of commercializing technology will
likely be proprietary to the specific company involved, other aspects, such as licensing and
interconnect, can serve as useful case studies to inform the rest of the industry.

G. Non-Technical Barriers. A number of non-technical barriers — including Federal, state, and
local regulations, market failures, and non-technical risks — impact the rate of deployment of
energy technologies. What, if any, role should the Department have in addressing these
barriers?

The Department should develop a working understanding of the non-technical barriers to
deployment and then coordinate outreach efforts, possibly with an entity such as the White
House Council on Environmental Quality. The DOE brings valuable technical expertise and
understanding to tackle certain non-technical market barriers, for example, interconnection of
distributed renewable generators. The interconnection, and subsequent distribution, process is
different in each state, and in many cases, across utilities in a single state. To the extent that the
processes can be normalized with respect to certain common technical indicators such as
installation size, intermittency and dispatchability, that would greatly benefit the private sector.

Other Comments
Section 3.3 Environmental Impacts.

We suggest that the tone and content of Section 3.3 of the Framing Document be revised to
show recognition that the environmental impacts of renewable energy technologies are not
necessarily exclusively negative, and that in some cases installations of such technologies can
improve the health of the surrounding ecosystem. For example, installation of low-head
hydropower at an existing weir in a man-made canal incurs minimal environmental impact to
the already modified site. Indeed, the revenue from such a project can help pay for other canal
improvements, such as lining, which can reduce canal water loss and put the saved water back
into streams for fish habitat.
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National Ground Water Association Response to
U.S. Department of Energy Quadrennial Technology Review

April 12, 2011

Groundwater supplies and energy production

Most states across the country are either experiencing groundwater shortages now or predict
shortages in the next 20 years, according to a series of National Ground Water Association
(NGWA) sponsored surveys of private and public sector groundwater professionals. The surveys
showed that there is no one cause of shortages or expected shortages, but rather a combination of
quality and quantity related causes. These are critical issues because energy production requires
water and water movement requires energy.

Energy-water nexus — two sides of the coin:

1. It takes energy to pump, treat, store and distribute water to meet water supply needs. If
the nation moves to more wastewater recycling and desalination the level of treatment
required increases. “‘Energy use for the water sector could double from 3 percent of total
energy use to 7-8 percent of total energy use. Depending on the mix of technologies, the
water sector’s energy use could go as high as 10 percent of the total energy need, making
the water sector one of the biggest energy-using sectors.'” That is just for treatment, add
in pumping and transportation and it would be a higher percentage.

Concurrently, for example, the production of biofuels and the extraction of oil from
shales have the potential to increase water used for energy production.” Actions to
consider include:

a. Research and deployment of more energy efficient technology in the water sector,
e.g. solar powered pumps.

b. Tools to encourage integrated planning between the water and energy sectors to
understand the full implications of decisions made.

c. Research in industrial scale membrane and micro filtration technology to make
large scale water recycling more economical

2. As the nation moves to address its energy needs and greenhouse gases emitted from these
energy generating sources, the potential exists for impacts to the nation’s groundwater

Personal communication, Michael Hightower, Sandia National Laboratory, July 2008.

% Report to Congress at http://www.sandia.gov/energy-water/docs/121-RptToCongress-EWwEIAcomments-FINAL.pdf
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resources. The following are specific topics identified as warranting research related to
the geologic sequestration of CO; into the subsurface:

a.
b.

Chemical interactions between ambient groundwater and injected constituents.
The adequacy of current and the development of future tools and methods to
undertake initial and ongoing geologic characterization, containment, monitoring,
mitigation, and performance assessments to ensure the protection of the
groundwater resource, the public and air quality.

Professional and business impacts:
Ensuring an adequately trained work force that can assist in meeting the nation’s water
supply needs, including for energy production and distribution, requires we address:

1.

a.
b.

Barriers to the recruitment and retention of employees for existing occupations.
Training and education to provide technical or scientific skills for new or
emerging fields, e.g. geologic carbon sequestration, geothermal heat pump
drilling and business practices, hydrothermal drilling and dry hot rock reservoir
stimulation,.
Assisting the profession address its carbon footprint — small contracting firms are
facing or are concerned they will face in the future significant costs to replace or
retrofit existing transportation and stationary equipment used in their work. Steps
that may assist these firms remain viable include:
® Research to identify cost-effective options to upgrade existing equipment
to address air quality concerns.
¢ Financial assistance to replace or retrofit existing equipment.
e Research to quantify that changes provide a net benefit, e.g. some of our
members indicate that the new technology to address air emissions results
in a loss of fuel efficiency and the burning of additional diesel fuel.

In the face of the current and expected future water supply challenges, NGW A offers the
following as research, technology development, education and technology transfer needs — all of
which have either a direct or indirect impact on energy technologies.

1.

The nation lacks the fundamental data necessary to adequately understand the nation’s
groundwater resources and make informed decisions regarding its use and management.
Groundwater professionals identified the need for additional federal funding for

cooperative groundwater quantity and quality data collection as the most useful federal

action.

a.

Support is needed for the federal Advisory Committee on Water Information’s
Subcommittee on Ground Water (SOGW), which includes federal, state and
private sector organizations, as they work cooperatively to develop and encourage
implementation of a nationwide, long-term groundwater quantity and quality
monitoring framework that would provide information to help answer questions
such as:





1. What are current water-levels or pressures in the nation’s aquifers?
ii. How is groundwater quality changing in the nation’s aquifers?
iii. How is groundwater availability changing in the nation’s aquifers?

Collecting groundwater data is costly, given its widespread location and
variability. While specific data gaps and priorities may vary around the country,
collaboration will help optimize data-gathering efforts.

Geothermal Energy

NGWA is disappointed by the absence of references to geothermal heat pump (GHP)’
technology in the Quadrennial Technology Review. The Quadrennial Technology Review
suggests insufficient understanding of the current and potential utilization of GHPs, especially
for the HVAC sector, which according to pages 28 to 30, accounts for 32 percent of building
energy use (plus an additional nine percent for water heating), which in turn accounts for 72
percent of primary stationary energy demand. While high temperature geothermal is mentioned
only in passing in the document, there is no real mention of the utilization of the Earth as a heat
source and heat sink with low temperature geothermal heat pump systems.

NGWA is compelled to comment on the Department’s Quadrennial Technology Review because
it is our conviction GHP technology remains under deployed, too often resulting from weak
understanding of geologic and hydrogeologic conditions during system design, installation, and
operation. Ground source or groundwater heat pumps (GHPs) use the only renewable energy
resource that is available at every building’s point of use, on-demand, that cannot be depleted
(assuming proper design), and is potentially affordable in all 50 states.'

Heat pumps exchange energy with the Earth to heat and cool homes, businesses, and public
facilities at substantially less cost while using fewer natural resources than conventional
alternatives. GHPs do and will play an integral part in reducing our country’s energy
consumption. One could just take a look at federal building projects to notice how big of a
difference GHPs make in a building’s energy use.

GHPs are sometimes confused with high-temperature geothermal systems that generate
electricity from steam. Instead, GHPs replace conventional heating and cooling systems for
domestic and commercial applications. GHPs can also be configured to heat some or all of a
building’s domestic hot water. Because they simply move heat to and from the Earth, instead of
burning a fuel to generate heat, properly designed GHP systems can provide decades of
inexpensive renewable energy.

Ground-coupled heat pumps that use the Earth itself as a heat source and heat sink and are coupled to the ground by means of a closed loop heat
exchanger installed horizontally or vertically underground; sometimes known as ground-source, or groundwater-source heat pumps; sometimes
known as “geoexchange” heat pumps.

* Department of Energy. Geothermal Heat Pumps for Federal Buildings. August 1999. Retrieved
April 7, 2011 at http://www.nrel.gov/docs/fy990sti/26275.pdf






GHP systems are comprised of three major components: the Earth connection, a heat pump, and
a heating and cooling distribution system. The Earth connection can be an “open loop” that
supplies well water to the heat pump, or a “closed loop” that circulates an eco-friendly anti-
freeze/water solution through a closed loop of piping buried in the ground or submerged in a
pond or lake. The heat pump’s refrigeration cycle uses the Earth connection to move heat from
the Earth to the building during winter, and to move heat from the building to the Earth during
summer. Ductwork or hydronic piping then distributes the heating or cooling throughout the
building.

Although industry estimates place closed loop systems at ninety (90) percent or more of the
systems installed, there are at least nine (9) different configurations of geothermal heat pump
technology. They include:
1) Open loop — single well for water withdrawal, water returned to a surface
source
2) Open loop — single well for water withdrawal, water returned to a second
well
3) Standing column — single well for water withdrawal and water return
4) Closed loop — vertical boreholes
5) Closed loop — subsurface trenched, or other configuration, but not vertical
boreholes
6) Closed loop — surface water body emplacement
7) Direct exchange (DX) — vertical boreholes
8) Direct exchange (DX) — subsurface trenched, or other configuration, but
not vertical boreholes
9) Concentric pipe systems (heat exchange fluid flows to the bottom of the
hole through a small diameter inner pipe)

GHPs are among the most efficient and comfortable heating and cooling technologies currently
available, according to the U.S. EPA’s Energy Star Program. GHPs, properly installed by
qualified professionals, can reduce energy consumption up to 44 percent compared to air-source
heat pumps and up to 72 percent compared to electric resistance heating, with standard air-
conditioning equipment.’

> U.S. Environmental Protection Agency. Space Conditioning: The Next Frontier (Office of Air and Radiation, 430-
R-93-004), Retrieved April 8, 2011 at
http://nepis.epa.gov/Exe/ZyNET.exe/9100NXOW.TXT?ZyActionD=ZyDocument&Client=EPA
&Index=19914+Thru+1994&Docs=&Query=430R93004&Time=&EndTime=&SearchMethod=
1&TocRestrict=n&Toc=&TocEntry=&QField=pubnumber percent5E percent22430R93004
percent22&QFieldYear=&QFieldMonth=&QFieldDay=&UseQField=pubnumber&IntQFieldOp=
1&ExtQFieldOp=1&XmlQuery==&File=D percent3A percent5Czyfiles percent5CIndex
percent20Data percent5C91thru94 percent5CTxt percent5C00000024
percent5C9100NXOW.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h
percent7C-
&MaximumbDocuments=10&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425
&Display=p
percent7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results
percent20page@&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL. Page ES-5
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A Department of Energy, Oak Ridge National Laboratory report concludes that the aggressive
deployment of GHPs in buildings could avoid the need to build up to 48 percent of the new
electric generation capacity projected to be needed nationwide by 2030, also saving up to $38
billion annually in reduced consumer utility bills. GHPs can also help to heat domestic hot water
at no cost during the summer and reduce winter water heating costs by as much as 50 percent.6

A 2008 report looking at federal research and development needs for buildings points out that
energy-efficiency and renewable energy technologies, such as GHPs, still have enormous
potential for energy savings at lower cost than acquiring supplies from non-renewable or
renewable power sources. The enhanced use of ground energy sources and heat sinks at the
building or community level is highlighted as a promising option.”

Our perspectives are driven by two philosophical anchors:
e Protection of groundwater is NGWA’s first concern.
¢  Well-functioning geothermal heat pump systems are NGWA’s second concern
so as to protect the future of this business diversification opportunity for our members
and industry by way of quality loop well drilling and construction.

Since DOE realizes HVAC dominates building energy use, NGWA reminds the Department
low-temperature geothermal (associated with GHPs) provides:

* A source of clean energy that does not generate CO, emissions

¢ [s a nationally secure source that is fully formed within (below) the country
(therefore can significantly reduce the importation of energy at the current cost of $1
billion per day)

e [ow temperature geothermal is available everywhere in the country, not just a few
localities. As such the need to transport this energy is non-existent, thereby saving even
more energy in the transportation sector. Every building, whether residential,
commercial or industrial can tap into this energy source on site

* Low temperature geothermal installations and their design are flexible and can easily be
modified to accommodate and take advantage of local on-site conditions. In essence, low
temperature heat exchange systems are using stored solar energy by way capitalizing on
the near constant temperature of the shallow subsurface, as its temperature is determined
by the mean average air temperature—which is ultimately determined by incoming solar
radiation.

% Hughes, Patrick. Oakridge National Laboratory. Geothermal (Ground-Source) Heat Pumps: Market Status,
Barriers to Adoption, and Actions to Overcome Barriers. December 2008. Retrieved March 28, 2011 at
http://www.ornl.gov/sci/ees/etsd/btric/pdfs/geothermal report 12-08.pdf. Page 1.

7 Executive Office of the President’s National Science and Technology Council. 2008. Federal R&D

agenda for net-zero energy, high-performance green buildings. Retrieved April 8, 2011 at

http://www.bfrl.nist. gov/buildingtechnology/documents/FederalRDAgendaforNetZeroEnergyHighPerformanceGree

nBuildings.pdf Page 26.






¢ [ow temperature geothermal systems can deal with storage issues, either daily or
seasonal, and can easily be designed to store solar energy in the subsurface. The current
framing document (page 34 section 6.2.2.3, Energy Storage) only discusses storage in
terms of electricity, which is not very efficient, and the four sources of information that
DOE will rely on are all dealing with electricity. There is nothing to deal with storage of
other types of energy or any form of clean energy

¢ By using low-temperature geothermal it is possible to significantly reduce electricity
consumption and therefore the need to generate additional electrical supplies. (above it
was pointed out the document (pages 28 and 29) says 72 percent of U.S. primary
electrical energy goes to building energy use and that HVAC needs are the largest part of
this.

Geothermal (hydrothermal) ranks almost last in the Department’s Figure 1, providing only 0.37
percent of the energy and 0.32 percent is electrical power generation (high temperature). The
low temperature installations total 0.05 percent. High temperature geothermal also gets a quick
mention at the very end of the document (page 40) under the final heading of “Other Clean
Electricity Supply Technologies” where in the one paragraph dedicated to this section the
authors say that geothermal and marine face “uncertainties that exceed those of other clean
power technologies.”

NGWA disagrees with those who contend GHPs are a mature technology and therefore do not
warrant further dollars toward scientific and technical research projects. GHP technology will
greatly benefit from verification through research. The importance of research verification is
establishing credibility for the technology and the associated industry. Policy makers are
strongly influenced by formal research, the domain of academics or those appropriately degreed.
The GHP industry has real world experience, but if this experience is not verified by formal
research conclusions, policy makers will be reluctant to responsibly act.

NGWA representatives recently participated in a March 2011 “green” buildings symposium in
Beijing, China. One of the presentations during the symposium featured a map of China
indicating the probable success of a GHP system functioning effectively in the various locales.
The U.S. GHP industry may state these systems will efficiently and effectively function
effectively in every state, but when a system fails to perform as marketed it remains a challenge
to determine if the underperformance is due to improper installation or improper design
specifications that also account for the geologic and hydrogeologic conditions. NGW A supports
one or more of the national energy laboratories, such as Oak Ridge National Laboratory,
establishing a GHP success probability map for the United States. Data currently being
compiled by the state geological surveys though DOE funding could provide the input needed to
generate accurate probability maps based on geology, overburden cover, and related thermal
conductivities.

Also in Beijing, GHP presentations focused on large-scale installations identified sources of heat
source and heat sink water as groundwater, surface water, sea water, and gray water. It was
shared some researchers prefer groundwater-sources systems because the initial cost of
installation is the lowest, but due to the high groundwater demand volumes — 3,000 gpm to 4,000
gpm per city block - the feasibility that an aquifer can sustain the pumping volume is extremely





low. The concept of using the Earth (groundwater) as a heat source is an energy savings
approach. But taking a concept to reality requires that the real world be able to perform to the
specifications — again, identifying the need for further appropriate scientific and technical
research.

Researchers are developing simulation software for predicting GHP system performance across
numerous parameters. For instance, the understanding of the construction of the loop well is
generally minimal, at best, to the observation of NGW A member professionals. And yet, the
importance of a competent drilling professional will be numerically supported by demonstrating
the impact on projected system performance from loop well parameters. Simulation software
will assist the loop well contractor in evaluating if the design parameters will succeed in the
particular installation’s geologic setting.

Energy Saving Performance Contracts (ESPC) demonstrate the value of the GHP system in
actual energy dollars saved, and are worthy of further qualified investigation.

Also, there is only one known aquifer thermal energy storage (ATES) project in the United
States (Richard Stockton Community College, New Jersey), compared to several throughout the
rest of the world, particularly within the European Union. The same is true of borehole thermal
energy storage (BTES). These two technologies, while utilized elsewhere in the world are
largely absent from U.S. implementation. Perhaps this is due to a lack of DOE recognition of
these technologies?

The Association has been a long-term participant in the GHP sector.

e We have been a long-term player in research and technology transfer projects, including
for the Department of Energy and the U.S. Environmental Protection Agency.

¢ NGWA created Guidelines for the Construction of Vertical Boreholes for Closed Loop
Heat Pump Systems in 1997 and have updated its guidance twice, the most recent being
in 2010.

e The Association was an active participant in an International Energy Agency effort to
develop an annex, or standard, for both Aquifer Thermal Energy Storage (ATES) and
Borehole Thermal Energy Storage (BTES) technologies.

e NGWA is a significant provider of professional development education and training
related to GHPs.

¢ The Association has developed financial analysis tools to help industry professionals
better understand the costs associated with GHP installations.

e Through our consumer-oriented Web site, www.wellowner.org, we are a major provider
of sound information to the general public about GHP technology.






e We are an active participant in GHP-related public policy discussions at the local, state,
and federal level. The Association has been represented on the National Renewable
Energy Laboratory geothermal heat pump road map project, currently is represented on a
DOE geothermal heat pump grant project advisory team, and has participated with other
related efforts.

e A NGWA-developed body of knowledge related to borehole construction contributes to
sound GHP installation practices. NGWA’s members -- groundwater scientists and
engineers, as well as drilling and well construction professionals -- are resources for
advancing GHP technology and its performance.

Geologic Sequestration of Carbon Dioxide
NGWA understands and values the need to deal with excessive volumes of carbon dioxide,
portions of which are associated with energy production.

As expressed on several occasions, our concerns are that aquifers be protected from unacceptable
degradation during every phase of a CCS project through hydrologic and hydrogeochemical
characterization.

Potential water supplies, today seen as not viable for drinking water or other high uses, should
not be “written off” due to a defined ‘“high level” of total dissolved solids. Technology continues
to improve that will treat those waters to levels useful for drinking water supplies and other
critical uses.

What is the National Ground Water Association?

The National Ground Water Association is the global organization for anyone affiliated with the
groundwater industry. A nonprofit organization, NGWA is comprised of more than 12,000 U.S.
and international groundwater professionals — contractors, scientists and engineers, equipment

manufacturers, and suppliers from all 50 states and more than 60 nations.

Our purpose is to provide guidance to members, government representatives, and the public for
sound scientific, economic, and beneficial development, protection, and management of the
world's groundwater resources.

Submitted: April 12, 2011

Submitted on behalf of: National Ground Water Association
Submitted by: Kevin McCray, CAE — Executive Director
601 Dempsey Road

Westerville, Ohio 43081

Ph/ 614 898-7791

WWW.Ngwa.org
kmccray @ngwa.org





i Hughes, Patrick. Oakridge National Laboratory. Geothermal (Ground-Source) Heat Pumps: Market Status, Barriers to Adoption, and Actions to
Overcome Barriers. December 2008. Retrieved March 28, 2011 at http://www.ornl.gov/sci/ees/etsd/btric/pdfs/geothermal report 12-08.pdf.
page 34.







TO: Dr. Steven Koonin
Undersecretary for Science
U.S. Department of Energy

FROM: Dr. Peter D. Blair
Executive Director, National Research Council Division on Engineering & Physical Sciences
Director, National Academy of Sciences and National Academy of Engineering Program on
America’s Energy Future

DATE: April 12,2011

SUBJECT: Comments on “Department of Energy—Quadrennial Technology Review Framing
Document,” Federal Register Request for Public Comment, March 14, 2011.

| very much appreciate your invitation to provide comments on the Quadrennial Technology
Review (QTR) framing document. First, | am pleased to say, that the Department of Energy (DOE) is
taking an important step by following up on the recommendation of the President’s Council of Advisors
on Science and Technology (PCAST) to initiate the QTR for DOE. One of the longstanding concerns of
the nation’s strategies for energy technology development has been the lack of continuity in federal
programs related to that development. The QTR could help establish some momentum and provide a
venue for really shaping long term efforts that address such concerns.

Second, | am pleased you have been able to put the Academies’ America’s Energy Future (AEF)
series of reports to good use as one of the main proposed benchmarks for the QTR effort. That was, of
course, our hope in undertaking the project and in assembling the remarkable collection of individuals
who contributed to the effort. We believe the AEF effort produced a realistic and cohesive set of
technology pathway characterizations that can serve as a useful foundation for the QTR. We are eager
to help in any way appropriate in updating or otherwise providing additional input to make the AEF
portfolio as useful as possible a resource for you. For example, the evolution of circumstances since the
Deepwater Horizon incident, the rapidly developing new understanding of natural gas availability in the
United States, and the implications for the U.S. nuclear power industry of the Fukushima nuclear power
plant crises in Japan, are all worthy of closer attention since the completion of the AEF report(s).

The request for public comment on the QTR posed a series of eight questions related to the
framing document. Below are comments in response to most of those questions.” Finally, as you are
well aware, the Academies study process generates findings, conclusions, and recommendations by
consensus of committees of experts and documented in the study reports involving an extensive
independent external review process. Hence the comments presented here are mine alone and do not
necessarily reflect those of the Academies or the National Research Council (NRC), although | have tried
to be as faithful as possible to the findings and conclusions in the AEF series of reports. For reference,

! The questions are posed in a slightly different order (along with other small differences) in the RFC versus the
framing document itself. The questions are addressed here in the order presented in the RFC.





I’'ve attached an overview powerpoint summary of those findings and conclusions as well as the final
AEF Overview and Summary document.

A. DOE Energy Technology Mission

Is the mission statement, “[t]o facilitate the invention, refinement, and early deployment of meaningful
technologies that enable options for scaling by the private sector toward national energy goals,”
appropriate for energy technology development and deployment programs of the Department? (Framing
Document Question 1, FD 1)

This summary statement certainly defines a mission appropriate for DOE. It also reflects
implicitly the overarching finding of the AEF study as it relates to the potential for transformational
change in the U.S. energy technology portfolio, namely: “With a sustained national commitment, the
United States could obtain substantial energy-efficiency improvements, new sources of energy, and
reductions in greenhouse gas emissions through the accelerated deployment of existing and emerging
energy-supply and end-use technologies.” While that finding reaches beyond DOE’s role alone, DOE’s
role is nonetheless pivotal, especially in a range of key technologies.

The definition of relevant time frames is especially important to the mission statement. The
Academies’ AEF study wrestled with many timeline issues relating technology development expectations
to national goals, such as the three articulated in the RFC. The AEF study concluded the following:

“The America’s Energy Future (AEF) report assesses a U.S. portfolio of energy-supply
and end-use technologies—their states of development, costs, barriers, and impacts—
both at present and projected over the next two to three decades. Given the wide
variety of technologies under development that might become available in the future,
this report focuses on those that have the best chances of fully maturing during the
three time periods considered: 2008-2020, 2020-2035, and 2035-2050. The principal
technologies addressed include those to improve energy efficiency in buildings,
transportation and industry, coal-fired electric power generation, nuclear power,
renewable energy (principally in electric power generation), oil and natural gas,
alternative liquid transportation fuels derived from coal and biomass, and
modernization of the nation’s electric power transmission and distribution grid.

However, mobilization of the public and private sectors, supported by sustained long-
term policies and investments, will be required for the decades-long effort to develop,
demonstrate, and deploy these technologies. Actions taken between now and 2020 to
develop and demonstrate several key technologies will also largely determine our
options for many decades to come. It is imperative that key technology development
and demonstration activities be started very soon, even though some will be expensive
and not all will be successful or will be overtaken by better technologies.”

The AEF reports elaborate on these timeline challenges in considerable detail.





B. U.S. Energy Framework.
Have we correctly identified and structured these six strategies? (FD 7)

The six strategies as defined in the framing document capture the ranges of possible strategies
in an organized way, at least at the highest level of abstraction, and in a way that can be mapped
reasonably onto the DOE energy technology development portfolio. Here too, however, it would be
helpful to acknowledge more explicitly the relevant timelines in the consideration of various technology
pathways as they relate to these overarching strategies. For example, some technology pathways show
promise for results within the next decade, e.g., in energy efficiency improvements in industry, buildings
and some in transportation. Others such as alternative fuels for transportation and electrification of
vehicles show promise for significant results on a somewhat longer timeframe but require considerable
technology development in the short term. Finally, others such as carbon capture and storage and
nuclear power in the United States, require key milestones to be met within the next decade if they are
to be significant in meeting national goals over the next three decades. If those milestones are not met
then the options available for meeting the national goals are considerably different.

C. Clean Energy Leadership

How can DOE activities best support leadership in clean energy innovation? In clean energy
manufacturing? In clean energy deployment? How do we balance international competitiveness against
international cooperation? (FD 2)

The most effective role for DOE in “clean energy innovation” varies considerably by technology
and in some cases just as much within defined technology categories. The AEF reports articulate
various important roles for DOE, such technology-informed energy efficiency standards for appliances or
in developing standards and technology for increased vehicle fuel efficiency; supporting key
demonstration or early commercialization efforts in carbon capture and storage or next generation
nuclear power; or playing a national coordinating role in advancing the next generation electric power
grid and in commercial development and deployment of the necessary technologies. There are many
other such findings in the AEF reports.

In the AEF reports clean energy manufacturing is addressed principally as a possible impediment
to accelerated commercial deployment of promising technologies, such as those that might limit the
pace of domestic manufacturing of renewable technologies, especially wind and photovoltaics, or
shortages in the professional workforce associated with many transformational technologies from
accelerated deployment of nuclear power to those associated with the next generation power grid, as
well as constraints in the policy environment for rebuilding clean energy manufacturing capability
quickly in the United States. The economic benefits of promoting clean energy manufacturing as part of
an economic development strategy for the nation are covered much more in other NRC reports, such as
the 2006 report, Rising Above the Gathering Storm: Energizing and Employing America for a Brighter
Economic Future, and several more recent updates of that effort. DOE has an important role to play in
both innovation and advancing manufacturing capabilities, although in order to be effective that role





must be effectively coordinated with those of other departments and agencies involved in economic and
environmental responsibilities more generally.

An effective role for DOE in clean energy deployment varies considerably by technology as well
as in striking the right balance between international collaboration and competitiveness. Deployment is
addressed in some detail in the AEF reports, both in terms of barriers, such as policy and regulatory
constraints, equipment shortages, or manufacturing capabilities, as well as in terms of strategies for
accelerating deployment such as commercial demonstrations, financial incentives, or infrastructure
investment (e.g., improving resource assessment, electricity storage or the power grid capabilities in the
case of renewable electric power generation).

The tradeoffs between international competitiveness versus collaboration are not really
addressed in the AEF reports, but are in follow-up reports such as the 2010 National Academy of
Engineering report, The Power of Renewables: Opportunities and Challenges for China and the United
States or more generally in such reports as the 2010 NRC report, The Dragon and the Elephant:
Understanding the Development of Innovation Capacity in China and India. As a general matter, so
called “clean technologies,” and in particular relevant new energy technologies, comprise an enormous
potential export opportunity and source of economic growth and employment, if U.S. capabilities can
remain competitive, although current trends suggest that position is rapidly eroding.

The clean energy technology marketplace is an awkward mixture of existing market mechanisms
and a variety of supplemental ways to factor in costs of market externalities that do not play a role in
traditional energy markets. Of particular importance, of course, are environmental market
externalities. The 2010 NRC report, Hidden Costs of Energy: Unpriced Consequences of Energy
Production and Use, provides some useful insights into many of the most significant of such
externalities.

D. Program Definition and Management.

What principles should the Department follow for allocating resources among technologies of disparate
maturity and potential time to impact? How many technology options should the Department provide for
the private sector, and how should the value of that diversity be weighed against timeliness, scale, and
cost- effectiveness? What should the threshold be for entry of a technology into the DOE portfolio? Does
every technology deserve a program? Conversely, when should we declare “mission accomplished” for a
government RD&D effort, or cease efforts on a program whose costs may outweigh its benefits? How

can DOE be more effective at each stage of the innovation chain? Are technology targets (e.g., cost or
deployment targets) useful markers to orient and structure DOE activities? (FD 3)

One of the most important lessons of the past several decades of energy technology
development has been the recognition of the value of a portfolio approach to research and
development programs. For example, the Academies 2002 report analyzing the relative effectiveness of
DOE’s energy efficiency, renewables, and fossil energy applied research programs, Energy Research at
DOE: Was it Worth it?, found that only a handful of research results produced benefits far exceeding the
costs of carrying out the entirety of energy projects in those areas. The challenge is, of course, that





despite the best of analysis it is impossible beforehand to select the handful of technologies that will
deliver major benefits. It is even more difficult to pick those basic research areas that will ultimately
yield transformational change, so seeking balance in dimensions of risk, scale and time is important.

The Department has initiated programs with the apparent attention of addressing different
points on these “tradeoff curves,” such as ARPA-E for high risk, high payoff prospects. Perhaps a more
recent challenge, not unrelated to the challenge of preservation of the ARPA-E’s distinct mission, is
coordination of the agency’s efforts with other DOE approaches for building strong channels of
innovation at different points on these tradeoff curves, such as the Energy Frontier Research Centers,
which are multi-year, multi-investigator scientific collaborations focused on overcoming known hurdles
in basic science, and Energy Innovation Hubs, which will establish larger, highly integrated teams
working to solve identified high-priority technology challenges.

Careful management and coordination as well as clear goals are essential for enabling a
productive and efficient ecosystem for energy innovation and technology deployment. Just as
important, though, is constant vigilance regarding the degree to which all programs fit into the balanced
portfolio. The ability and willingness to terminate a program is often as important as the creation of the
program in the first place. That capability also leads to more flexibility in adapting programs at each
stage in the innovation chain. Defining appropriate metrics suitable for measuring performance at each
stage, and perhaps especially characterization of uncertainty, is challenging and deserves more
attention. Measures of progress in technical performance are important, and perhaps best understood
although often very different for each technology. Estimates of cost and potential deployment are
subject to much more uncertainty, and perhaps here transparency is the key. That is, carefully
articulating assumptions made and a comprehensive characterization of how such estimates are derived
would go a long way to improving the credibility of such estimates. This practice is noticeably absent in
many DOE programs.

Finally, the QTR should include features of continuous evaluation and re-assessment of the
entire R&D portfolio against the specified goals. This must be with an eye toward tuning the portfolio as
relative successes and failures materialize. Particularly important is some truly independent system of
external peer review to assess the costs and benefits of all federal programs involved in the QTR,
especially as they relate to efforts in the private sector and elsewhere. With a likely period of
heightened budget austerity, or at least intense discussions about it, DOE may be forced to hard choices
on priorities for what federal investments are made, and independent external review will be important
in helping justify the credibility of options being considered.

E. Private Sector Partnership.

What are the optimal roles for the private sector, government laboratories, and academia in
accelerating technology innovation? How can DOE best coordinate activities between and among these
types of organizations (including the wide variety of institutions within each class)? How should we
gauge the effectiveness of this coordination? How can the basic-applied coupling be optimized? Are
there examples in other sectors or other countries that can serve as models? Are “technology user





facilities” analogous to the Department's scientific user facilities possible, or even desirable? If so, what
would be the most effective model for their operation? How can the Department best gather technology
market information? How can information on private sector innovation be captured without
compromising competitive advantage? (FD 4)

The most effective relative roles of government labs, academia, and the private sector vary
considerably by technology and, in many cases, are highly interdependent. The AEF reports address
many of these considerations as they apply to specific technologies. Some past models have succeeded
very well. For example, appliance efficiency standards are developed with close collaboration between
government and industry in established the balance between setting challenges for innovations and
respecting industry considerations of markets and timing. In electricity supply for large scale
technologies especially, such as nuclear power or most likely configurations of carbon capture and
storage, large scale demonstrations need involve a careful balance of government and industry
investment, with involvement of each sufficient maintain investment of both.

The issue of optimal roles is addressed more generally in the Gathering Storm mentioned
earlier, but a number of changes have occurred since that was delivered to the Congress in 2006. ARPA-
E now exists, for example, and is now part of a portfolio of DOE research and development (R&D)
approaches, each with an important role to play in a robust approach to development of technologies to
address the nation’s energy challenges. An important feature is to connect basic research to applied
components of the overall R&D portfolio to balance and a shared sense of mission in the overall
portfolio. This balance extends across the spectrum of technology challenges from those, at one end of
the spectrum, that are high-risk but with potentially high payoff to those at the other end of the
spectrum that are low risk but important incremental technology improvements to help accelerate
commercial adoption with many shades in between the two ends of the spectrum.

Notwithstanding the major changes in the overall approach to energy R&D at DOE in recent
years, perhaps exemplified by the creation of ARPA-E, the basic research function remains central to the
role of DOE in the collection of public and private sector participants in the nation’s innovation engine
focused on developing new energy technology, but its role must remain coordinated and balanced with
other organizational elements—the applied technology programs, Energy Innovation Hubs, Energy
Frontier Research Centers, and now ARPA-E, with diligent monitoring of that coordination serving as a
prominent measure of progress.

F. Technology Demonstration.

What are best practices in performing large-scale demonstration projects? How close to commercial
viability does a demonstration have to be? What are the optimal cost sharing arrangements? How might
demonstrations be coordinated with DOE financing activities? How can demonstration projects better
benefit all stakeholders beyond the immediate participants?

How are lessons-learned best captured and promoted, and how is intellectual property best handled?
How should DOE determine the number of demonstrations needed to address technical and operation
risks? How do we think about failure in the demonstration phase? (FD 5)





Another important lesson learned over the last several decades in energy technology
development is that effective design of large scale demonstration efforts are highly technology-specific,
but flexible to accommodate inevitable changes as the effort proceeds and involves wide participation
by those with important stakes in the outcome. In addition there must be the capacity and the
willingness to abandon a project that proves unsuccessful at any stage. The level of maturity of a
technology that warrants a large scale demonstration is important but also varies considerably by
technology. The AEF reports addressed some of these issues, especially for carbon capture and storage
as well as next generation nuclear power technology where the success of demonstrations or early
commercial units is essential within the next decade, but this area generally for many technologies
deserves more attention. A number of other NRC reports address these topics as well.

G. Non-Technical Barriers.
What, if any, role should the Department have in addressing these [non-technical | barriers? (FD 6)

For some important technology pathways, exploring ways to address non-technical barriers is
essential for progress in commercialization and deployment. For those barriers that are in the critical
path of significant deployment, when the technology is otherwise technically ready, and especially if the
barrier is not addressed in broader policy considerations, DOE should have a prominent role in exploring
solutions. For example, in advancing the next generation grid, the diversity of regulatory regimes
involved poses a significant barrier to the pace of deployment. There may be technical capabilities that
can help address some non-technical barriers, such as control and information systems, storage
technologies, or advanced transmission and distribution technologies, as well as non-technical
approaches involving advanced planning, regulatory, and market design approaches. Both kinds of
solutions are important to accelerating the availability of the next generation grid.

Another example is energy efficiency. There is a long history of recognizing non-technical
barriers and factoring them into efficiency standards, but behavioral research may also provide
important insights into accelerating technology adoption. Another recommendation included in the
PCAST report referred to earlier is that DOE with NSF should initiate a multidisciplinary social science
research program exploring the energy decision-making behavior. Both of these areas and many more
are explored in detail in the AEF series of reports.

H. Technologies and Resources.
Among these [DOE-QTR Jresources are:

e The America's Energy Future reports from the National Academies of Science
(http://sites.nationalacademies.org/Enerqy/index.htm);

e historical data from the Energy Information Administration (http://www.eia.qov);

e the European Commission on Energy's Investing in the Development of Low Carbon
Technologies: Strategic Energy Technology Plan
(http://ec.europa.eu/enerqy/technology/set plan/set plan en.htm);




http://sites.nationalacademies.org/Energy/index.htm�

http://www.eia.gov/�

http://ec.europa.eu/energy/technology/set_plan/set_plan_en.htm�



e technology-specific DOE and interagency studies and reports listed in the relevant technology
sections of the framing document; and

e the International Institute for Applied Systems Analysis's Global Energy Assessment
(http://www.iiasa.ac.at/Research/ENE/GEA/index gea.html), when it becomes available.

Other resources are listed in the framing document, associated with each technology. We welcome
comment on the selection of these technologies and sources, as well as suggestions on alternate sources.
We also welcome updated technology, cost, and forecast data, particularly in rapidly-developing fields.
[FD 8]

Naturally, as noted earlier, we are pleased that the AEF report series can be used productively in
helping shape the QTR. Additional NRC and NAE reports following the AEF project and, in some
instances, following up on the AEF findings and conclusions can supplement the AEF reports in a number
of important areas, including alternative transportation fuels, improving fuel economy in both light and
heavy duty vehicles, strategies for limiting climate change, electrification of vehicles, and a number of
other areas would be worthy of consideration as well.

The QTR will involve tradeoffs among technology pathways with deeply entrenched interests,
advocates and detractors. To protect the credibility of the process, the resources upon which the QTR
relies need to be not only widely viewed as credible and authoritative, but they should also have very
transparent and readily available documentation with assumptions clearly identified so that challenges
to credibility of determinations made in the QTR that are based on those resources can be easily and
quickly addressed.

Closing Remarks

The QTR for DOE is an important process to help build momentum and continuity for fashioning
a carefully rationalized federal role in accelerating the availability and deployment of transformational
energy technologies. The scale and scope for the challenge demand such an effort. | am pleased that
the Academies’ AEF portfolio of reports has provided a useful point of departure for the effort and look
forward to facilitating any follow-up activities that could help ensure the QTR’s success, including
updating some features of the AEF effort to current circumstances or perhaps more detailed analyses of
specific technology pathways that warrant more attention.

Attachments:

National Academy of Sciences, National Academy of Engineering, and National Research Council,
Overview and Summary of America’s Energy Future: Technology and Transformation, 2010
(http://www.nap.edu/catalog.php?record id=12943).

Peter D. Blair, National Research Council, America’s Energy Future” Technology and Transformation,
Overview Presentation, January 2011.
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Overview and Summary of America’s Energy
Future: Technology and Transformation

nergy has long played a critical role in our nation’s national security, eco-

nomic prosperity, and environmental quality, and today concerns about

how the United States produces and consumes energy are at the forefront
of public attention. Political instability in primary energy-producing regions
around the world, rapidly rising global demand for energy, especially in develop-
ing countries, and a growing awareness of the impact of fossil fuel use on global
climate change have contributed to a new sense of urgency about the role of
energy in ensuring security and U.S. well-being in the 21st century. Awareness is
steadily growing that the United States must fundamentally transform the ways in
which it produces, distributes, and consumes energy. Understanding and deciding
exactly how and at what rate U.S. energy use and sources of energy supply should
or will change have become among the most difficult and complex challenges of
our time.

For more than three decades, America’s capacity for technological innova-
tion has been a cornerstone of national strategies for dealing with energy policy
issues. Now a renewed sense of urgency has raised the stakes and the scale of the
challenge. Although new technology alone is unlikely to be sufficient to meet the
nation’s energy challenges, developments in science and technology will substan-
tially affect our ability to shape future energy options. New energy technologies
hold considerable promise for enabling more-efficient energy use; for providing
cleaner energy and safer, more-efficient recovery and use of traditional sources of
supplies such as oil, coal, and natural gas; and for leading to a post—fossil fuel era

of more secure and environmentally benign energy sources.
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Despite the promise of new technology, however, the transformation of tra-
ditional patterns of energy supply and use is inevitably complicated—by the close
interconnections of energy supply and use with economic interests nationally and
in various regions; by the relative cost-effectiveness of new technologies; by the
extent of disruption that might be caused to major stakeholders, both domesti-
cally and abroad, from the emergence of new resources and technologies; and by
the broad scale and scope of the work of reducing greenhouse gas emissions while
maintaining access to affordable energy. Some of these challenges are not new
for the United States, but the urgency of addressing all of them simultaneously is
unprecedented.

America’s Energy Future: Technology and Transformation,' a report pre-
pared by the Committee on America’s Energy Future (the AEF Committee) and
published in 2009, explores potential technology pathways for fundamentally
transforming U.S. patterns of energy supply and demand. The result of a project
initiated in 2007 by the National Academy of Sciences and the National Academy
of Engineering, the 700-page volume—the lead report in the America’s Energy
Future (AEF) series—focuses on technologies that exist now or that should be
ready in the near future and could be deployed extensively to bring about fun-
damental improvements in the U.S. energy enterprise. That report assesses the
readiness of technologies for use, estimates how quickly over time they might be
deployed, and outlines potential costs as well as barriers to and ultimate impacts
of their adoption. It thus provides a technology assessment as a foundation for
ongoing work by policy analysts.

This Overview and Summary highlights key findings presented and major
topics discussed in America’s Energy Future: Technology and Transformation and
also reflects results presented in three reports prepared by three separate study
panels appointed, along with the AEF Committee, to carry out the AEF project.
The three panel reports in the AEF series include the following:

e Electricity from Renewable Resources: Status, Prospects, and

Impediments;

INational Academy of Sciences-National Academy of Engineering-National Research Coun-
cil, America’s Energy Future: Technology and Transformation, The National Academies Press,
Washington, D.C., 2009.
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e Liquid Transportation Fuels from Coal and Biomass: Technological
Status, Costs, and Environmental Impacts; and
e Real Prospects for Energy Efficiency in the United States.”

In preparing the reports in the AEF series, the AEF Committee and the study
panels used the vast existing energy-related literature and conducted additional
analysis to help fill gaps and resolve or address conflicting conclusions. The AEF
reports compare estimated results of an accelerated effort to phase in prospective
technologies from now until 2035 against “business-as-usual” reference scenarios
prepared by the U.S. Energy Information Administration (EIA).> The reports do
not forecast or judge which technologies or combinations of technologies will or
should be implemented. They also do not consider the substantial energy savings
that could be achieved through behavioral or lifestyle changes that might occur,
nor do they recommend specific policy actions. Rather, the AEF series focuses
on the potential benefits from deployment of currently available and emerging
technology options that can contribute to meeting pressing U.S. energy challenges
through 2035.

Key findings from America’s Energy Future: Technology and Transforma-
tion are summarized in the section below. An overview is then presented of the
following topics: energy use in America; the nation’s energy efficiency potential;
energy-supply options, including electricity from renewable resources, nuclear
energy, and fossil fuel energy; future electricity generation costs and the develop-
ment of transmission and distribution infrastructure; and alternative liquid trans-
portation fuels.

Unless indicated otherwise, statistics cited and tables and figures included in
this overview and summary are documented in America’s Energy Future: Tech-
nology and Transformation and in the other reports in the AEF series.

2The AEF series of reports—all published by the National Academies Press, Washington,
D.C.—also includes The National Academies Summit on America’s Energy Future: Summary of
a Meeting, 2008.

3See Annual Energy Outlook 2008, DOF/EIA-0383(2008), U.S. Department of Energy, En-
ergy Information Administration, Washington, D.C., 2008.

Copyright © National Academy of Sciences. All rights reserved.





Overview and Summary of America's Energy Future: Technology and Transformation
http://lwww.nap.edu/catalog/12943.html

4

America’s Energy Future

SUMMARY OF KEY FINDINGS

The AEF Committee concluded that with a sustained national commitment, the
United States could obtain substantial energy efficiency improvements, develop
new sources of energy, and realize reductions in greenhouse gas emissions
through the accelerated deployment of existing and emerging technologies in a
diverse-portfolio approach to help meet the nation’s energy challenges. However,
mobilization of the public and private sectors, supported by sustained long-term
policies and investments, will be required for the decades-long effort to develop,
demonstrate, and deploy these technologies. Actions taken between now and
2020 to develop and demonstrate several key technologies will also largely
determine the options available for many decades to come. It is imperative that
the development and demonstration of key technologies be started very soon,
even though some will be expensive, not all will be successful, and some may

be overtaken by better technologies. Additional AEF study findings include the
following:

o Energy efficiency potential. The deployment of existing energy effi-
ciency technologies is the nearest-term and lowest-cost option for
moderating the U.S. consumption of energy, especially over the next
decade. In fact, the full deployment of cost-effective energy efficiency
technologies in buildings alone could eliminate the need to construct
any new electricity-generating plants in the United States except to
address regional supply imbalances, replace obsolete power generation
assets, or substitute more environmentally benign sources of electricity.
Accelerated deployment of these technologies in the buildings, transpor-
tation, and industrial sectors could reduce energy use in 2020 by about
15 percent (15-17 quads),* relative to current projections, and by about
30 percent (32-35 quads) in 2030.

e Electricity supply options. The United States has many promising
options for obtaining new supplies of electricity and changing its supply
mix during the next two to three decades, especially if renewable-

*A quad equals 1 quadrillion British thermal units (Btu) of energy. The United States currently
uses about 100 quads of energy annually. A barrel of crude oil = 5,800,000 Btu; a gallon of gaso-
line = 124,000 Btu; a cubic foot of natural gas = 1,028 Btu; a short ton of coal = 20,169,000 Btu;
and a kilowatt-hour of electricity = 3,412 Btu.
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electric-power technologies, carbon capture and storage (CCS), and
evolutionary nuclear technologies can be deployed at sufficient scale.
Renewable energy sources could provide an estimated additional 500
terawatt-hours (TWh) of electricity per year by 2020 beyond current
production of electricity from renewable energy sources and about an
additional 1100 TWh per year by 2035. Coal-fired plants with CSS
could provide as much as 1200 TWh of electricity per year by 2035
through repowering and retrofits of existing plants, and as much as
1800 TWh per year by 2035 through the construction of new plants.
In combination, the entire existing inventory of coal-fired power plants
could be replaced by CCS coal power by 2035. If current plants were
modified to increase their power output and new plants were con-
structed, nuclear plants could provide an additional 160 TWh of elec-
tricity per year by 2020, and up to 850 TWh by 2035. The generation
of electricity from natural gas could be expanded to meet a substantial
portion of U.S. electricity demand by 2035. The deployment of any new
supply technologies is very likely to result in higher consumer prices for
electricity.

Modernizing the nation’s power grid. Expansion and modernization of
the nation’s power grid—the electric power transmission and distribu-
tion systems—are urgently needed. This would cost (in 2007 dollars)
$175 billion and $50 billion respectively for concurrent expansion

and modernization of the transmission system, and $470 billion and
$170 billion respectively for concurrent expansion and modernization
of the distribution system.

Continued dependence on oil. Petroleum will continue to be an indis-
pensable transportation fuel through at least 2035. Maintaining current
rates of domestic petroleum production (about 5.1 million barrels per
day in 2007) will be challenging. Despite limited options for replacing
petroleum or reducing its use before 2020, more substantial longer-
term options—including improved vehicle efficiency, use of biomass
and coal-to-liquid fuels, and increased use of electric or hybrid-electric
vehicles—could begin to make significant contributions in the 2030-
2035 timeframe.

Reduction of greenhouse gas emissions. Substantial reductions in
greenhouse gas emissions from the electricity sector are achievable over

the next two to three decades. Displacing a significant proportion of
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petroleum as a transportation fuel to achieve substantial greenhouse
gas reductions will require a mixed strategy involving the widespread
deployment of energy efficiency technologies, alternative liquid fuels
with low carbon dioxide (CO,) emissions, and technologies for electrifi-
cation of light-duty vehicles.

o Technology research, development, and demonstration. Although
there are technologies that can increase energy efficiency and supply
new energy for the next decade, research and development (R&D) are
needed to fill the pipeline with new technologies to be implemented
after 2020. To meet this need, both the public and the private sectors
will need to perform extensive research, development, and demonstra-
tion over the next decade.

e Barriers to accelerated deployment. Formidable barriers could delay
or even prevent the accelerated deployment of the energy-supply and
end-use technologies described in this overview and summary and in
the AEF series of reports. Examples of such barriers include the level
of investment that will be required for widespread technology deploy-
ment, the low turnover rate of the energy system’s capital-intensive
infrastructure, or the lack of energy efficiency standards for many prod-
ucts. Policy and regulatory actions, as well as other incentives, will be
required to overcome these barriers.

ENERGY USE IN AMERICA

America’s energy system evolved over the past century in response to rapidly
growing demand for energy, advances in technology, diverse public policies and
regulations, and powerful market forces integral to economic growth and global-
ization. That system is currently a vast and complex set of interlocking technolo-
gies for the production, distribution, and use of fuels and electricity (Figure 1).
As a result, the U.S. energy system’s technologies and production assets are of
many different vintages and often rely on aging and increasingly vulnerable
infrastructure.

In the United States, cheap and readily available energy obtained from the
burning of fossil fuels has driven economic prosperity since the end of the 19th
century. Today, fossil fuels produce 85 percent of America’s energy. Coal and
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FIGURE 1 Delivery of energy (in quads) in the United States: Shown on the left are the
primary fuel sources of energy delivered in the United States in 2007; on the right, the
figure shows how that energy was distributed throughout the economy for use in the
residential, commercial, industrial, and transportation sectors.

natural gas provide almost 75 percent of electricity, and petroleum fuels 95 per-
cent of transportation (Figures 1 and 2). However, the burning of fossil fuels has
a number of deleterious environmental impacts, among the most serious of which
is the emission of greenhouse gases, primarily CO,. At present, the United States
emits about 6 billion metric tons of CO, per year into the atmosphere.

Despite decades of declining energy consumption per dollar of gross domestic
product, the United States still has a higher per capita consumption of energy
than either the European Union or Japan. And, despite improvements in energy
efficiency the United States remains the world’s largest energy consumer by a wide
margin, and its dependence on energy imports continues to rise. The United States
is almost completely dependent on petroleum for transportation—a situation that
entails unique energy-security challenges. The nation relies on coal, nuclear energy,
renewable energy (primarily hydropower), and, more recently, natural gas for gen-
erating its electricity.
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At the same time, U.S. domestic oil and gas reserves are being depleted;’
aging but currently operating nuclear plants were constructed largely in the 1970s
and 1980s, and many coal-fired plants are even older; electrical transmission and
distribution systems depend on infrastructure and technologies built in the 1950s.
Renewing or replacing these assets will take decades and require investments
totaling several trillion dollars.

There is growing recognition that the U.S. energy system as currently con-
figured is unsustainable over the long run. World competition for fossil fuels
continues to grow unabated. Prices of fossil fuels have been volatile; over the past
2 years, petroleum has ranged from $32 to $147 a barrel, and natural gas from
$4 to $13 per thousand cubic feet. Concerns continue to mount with respect to
the environmental impacts of burning fossil fuels, particularly their emission of
greenhouse gases and influence on climate change. As noted earlier, the United
States annually produces more than 6 billion metric tons of CO,, a major green-
house gas. And economists have predicted that if the country continues “business
as usual,” its dependence on fossil fuels will continue to grow.

The AEF Committee concluded that with a sustained national commit-
ment, the United States can develop and deploy a portfolio of existing and
emerging energy technologies at an accelerated pace. These efforts could result
in substantial energy efficiency improvements, new sources of energy, and
reductions in greenhouse gas emissions. Over the next 25 years, the technical
potential of efficiency and of new sources of energy could substantially decar-
bonize the electricity sector. Over the same time period, the prospects in the
transportation sector as a result of increased energy efficiency and use of alter-
native fuels are more limited but nonetheless substantial.

In the near term, energy efficiency is the lowest-cost option for reducing U.S.

consumption of energy, especially over the next decade. In the future, a variety of

SThe rate of resource depletion depends on assumptions about the domestic resource base.
Revised estimates of the resource base for natural gas in North America were issued by the
U.S. Energy Information Administration after the publication in late 2009 of America’s Energy
Future: Technology and Transformation. Those estimates (e.g., according to Annual Energy
Outlook 2010 Early Release, DOE/EIA-0383(2010), December 14, 2009) now assume a larger
resource base for natural gas in North America relative to previous estimates; the revised as-
sumptions are based on a reevaluation of the potential for shale gas and other resources and on
the prospects for bringing new resources into production at a more rapid rate, based on observa-
tions of the industry’s current capability.
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TABLE 1 U.S. Electricity Generation: Current Fuel Sources and New Options for
2020 and 2035 (in terawatt-hours)

Fuel Technology Options 2008 2020 2035
Renewables Current generation 340
Options for expansion 500 1100
Coal-fired power plants Current generation 2000
(conventional coal)
Coal with CCS retrofits 0 1200
New coal plants with CCS 74 1800
Nuclear power Current generation 800
(existing power plants)
Nuclear power plant uprates 63 63
New nuclear power plants 95 790

Note: Estimates are not additive. CCS, carbon capture and storage.

options for electricity generation will be available and could potentially replace all
coal-fired power plants lacking carbon capture and storage (Table 1).

Achieving substantial reductions in CO, emissions from the electricity sector
is likely to require an approach involving the accelerated deployment of multiple
technologies enabling improved energy efficiency, the accelerated deployment of
renewable sources of energy, new technologies for the burning of coal and natural
gas with CCS, and the installation of evolutionary nuclear technologies. To enable
this portfolio approach in the electricity sector, the viability of two key technolo-
gies must be demonstrated during the next decade to allow for their widespread
deployment starting around 2020:

It must be demonstrated whether CCS technologies for sequestering

the carbon produced during the generation of electricity from coal and
natural gas are technically and commercially viable for application to
both existing and new power plants. Construction will be required
before 2020 of a suite (approximately 15-20) of retrofit and new dem-
onstration plants with CCS featuring a variety of feedstocks, generation
technologies, carbon capture strategies, and geologic storage locations.
It must be demonstrated, by constructing a suite of about five plants
during the next decade, whether evolutionary nuclear plants are com-
mercially viable in the United States.
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A failure to demonstrate the viability of these two key technologies during the
next decade would greatly restrict options to reduce the electricity sector’s CO,
emissions in succeeding decades and would likely require a major shift to natural
gas for electricity generation. This is so because natural gas plants can be built
relatively quickly and inexpensively, and their electricity prices could be more
attractive than those of other low-carbon energy-producing technologies such as
electricity production from renewable energy sources with energy storage.

For transportation, new power systems and improvements in the efficiency
of vehicles could save 1 million barrels per day of petroleum equivalent by 2020
and 4.1 million barrels per day by 2030. By 2035, emerging liquid transportation
fuels, including cellulosic ethanol and coal-and-biomass-to-liquid fuels with CCS,
could replace about 15 percent of current fuel consumption in transportation. At
the same time, coal-to-liquid fuels with CCS could replace another 15-20 percent
of the transportation fuels consumed currently. However, the annual harvesting of
up to 500 million dry metric tons of biomass and an increase in U.S. coal extrac-
tion by 50 percent over current levels would be required to provide the necessary
supply of feedstock for this level of liquid fuel production.

ENERGY EFFICIENCY POTENTIAL

America’s potential for increasing energy efficiency—that is, reducing energy use
while delivering the same services—is enormous. Technology exists today, or is
expected to be developed before 2030, that could save about 30 percent of the
energy used in the buildings, transportation, and industrial sectors while saving
money. Potentially, the use of energy efficiency technologies could lower energy
consumption by about 15 percent (15-17 quads) in 2020 and an additional

15 percent (32-35 quads) in 2030, compared to the EIA reference case. In fact,
the potential savings from increasing energy efficiency in buildings, transportation,
and industry could more than offset the EIA’s projected increases in U.S. energy
consumption through 2030.

Energy Efficiency—Buildings Sector

Residential and commercial buildings account for about 73 percent of the elec-
tricity used in the United States. A number of diverse studies have assessed this

sector’s potential for energy savings and are remarkably consistent with each
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FIGURE 3 Comparison of the delivered electricity in the United States in 2007, used
mainly in buildings (left), with the building sector’s projected electricity consumption in
2020 and 2030 (middle), and consumption if there is an accelerated deployment of effi-
ciency technologies (right).

other and with the AEF Committee’s independent analysis. Energy savings of
25-30 percent, relative to the EIA reference case, could be achieved over the next
20-25 years (Figure 3).

More-efficient technologies for space heating and cooling, water heating,
and lighting would likely provide most of this reduction. Replacing incandescent
lighting with advanced lighting, including compact fluorescent and light-emitting
diode (LED) lamps, could save 35 percent of the electricity used for lighting by
2030. In total, these savings could hold buildings’ energy use constant, even as
population and other drivers of use grow. For the entire buildings sector, a cumu-
lative investment of $440 billion in existing technology between 2010 and 2030
could produce an annual savings of $170 billion in reduced energy costs. Many
efficiency technologies are a sound financial investment for individuals as well,
given that most of these more energy-efficient technologies pay for themselves in
2-3 years.
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Technologies under development promise even greater gains. In lighting and
windows, these technologies include “superwindows” that hold in heat extremely
well and dynamic windows that adjust cooling and electric lighting when daylight
is available. For cooling, the industry is developing advanced systems that reduce
the need for cooling and use low-energy technologies, such as evaporative cooling,
solar-thermal cooling, and heat-sensitive dehumidifiers. Other technologies include
electronic systems that provide more control over the energy used in homes and
very-low-energy-use buildings that combine holistic designs with on-site genera-
tion of renewable energy.

Energy Efficiency—Transportation Sector

The transportation sector, which is almost completely dependent on petroleum,
produces about one-third of the U.S. greenhouse gases emitted in energy use.
However, automobile manufacturers can use technologies existing now to increase
fuel economy substantially. Improving today’s spark-ignition, diesel, and hybrid
vehicles would lead to most of the reductions in fuel consumption possible over
the next 10-20 years. Technologies that improve the efficiency of gasoline spark-
ignition engines could reduce new-vehicle fuel consumption by 10-15 percent by
2020 and a further 15-20 percent by 2030. Improvements in transmission effi-
ciency and reductions in rolling resistance, aerodynamic drag, and vehicle size and
weight can all increase vehicle fuel efficiency as well. Turbocharged diesel engines,
which are already 10-15 percent more efficient than gasoline engines, could
steadily replace non-turbocharged engines in the fleet. Similarly, the efficiency of
gasoline hybrid-electric vehicles, which already consume 30 percent less fuel than
spark-ignition engines, should continue to improve.

In the next decade, policy will also drive light-duty-vehicle efficiency gains.
The federal government in 2007 set corporate average fuel economy (CAFE)
standards for new light-duty vehicles to reach 35 miles per gallon by 2020, a
40 percent improvement in average new-vehicle fuel efficiency. In May 2009, the
Obama administration reached agreement with the automotive industry and the
state of California to accelerate the achievement of compliance with these stan-
dards by 2016. Achieving these goals and continuing to improve efficiency after
2020 will require that manufacturers’ historic emphasis on increasing vehicle
power and size be reversed in favor of a focus on fuel economy. Meeting the new
CAFE standards will also most likely require that a large fraction of new vehicles
be hybrids (Table 2).
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TABLE 2 Plausible Share of Advanced Light-Duty Vehicles in the New-Vehicle
Market in 2020 and 2035

Plausible New-Car Market Share (percent)

Propulsion System 2020 2035

Turbocharged gasoline spark-ignition vehicles 10-15 25-35
Diesel vehicles 6-12 10-20
Gasoline hybrid vehicles 10-15 15-40
Plug-in hybrid electric vehicle (PHEV) 1-3 7-15
Hydrogen fuel cell vehicle (HFCV) 0-1 3-6

Battery electric vehicle (BEV) 0-2 3-10

Note: The plausible shares for hydrogen fuel cell vehicles in this table are in contrast to those reported in
National Research Council, Transitions to Alternative Transportation Technologies: A Focus on Hydrogen,
The National Academies Press, Washington, D.C., 2008.

Over the next decade, plug-in hybrid electric vehicles (PHEVs) that use elec-
tricity plus a variety of potential alternative liquid fuels will begin to enter the
market, although they are unlikely to reach large numbers before 2020. Whereas
hybrids mainly improve performance or fuel economy, PHEVs can draw a good
deal of their energy from the electric grid, depending on their design and patterns
of daily use. Plug-in vehicles using batteries that allow them to run 40-60 miles on
electricity could reduce gasoline/diesel consumption by 75 percent. However, most
announced midsize vehicles are being designed for an all-electric range of between
10 and 40 miles. The reductions in fuel consumption will depend not only on the
extent of the all-electric range but also on how consumers use these vehicles and
the availability of places to charge them daily.

After 2030, hydrogen fuel-cell vehicles and battery-electric vehicles may also
make up a significant portion of vehicle sales. Because fuel-cell and battery-electric
vehicles could ultimately eliminate the need for petroleum in transportation, they
could also reduce and possibly even eliminate light-duty-vehicle tailpipe emissions
of greenhouse gases. However, the full-fuel-cycle emissions of greenhouse gases—
cumulative emissions associated with all steps in the use of a fuel, from produc-
tion and refining to distribution and final use—will depend on how hydrogen is
produced for use in fuel cell vehicles and how electricity is produced for PHEVs.
The success of PHEVs will depend on the development of batteries that have
much higher performance capabilities and lower costs than those currently avail-
able. The success of fuel cell vehicles will depend on improved and lower-cost fuel
cells and probably on a better means of storing hydrogen on board the vehicles.
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For heavy-duty freight trucks, future energy efficiency technologies include
hybrid-electric systems that better regulate auxiliary features, such as air-
conditioning and power steering, and reduce idling. Significant reductions in
aerodynamic drag and the use of continuously variable transmissions also offer
great potential. Reductions of 10-20 percent in fuel consumption by medium- and
heavy-duty vehicles seem to be feasible over the next decade. Shifting freight from
trucks to rail can also offer considerable energy savings, because rail is about 10
times more energy-efficient than trucking is.

In the air transportation sector, the latest generation of airliners offers a
15-20 percent improvement in fuel efficiency. However, these newer airplanes are
likely to do little more than offset the additional fuel consumption associated with
the projected growth in air travel.

System-level improvements not connected to a particular economic sector
or transportation mode can also increase future transportation energy efficiency.
Using intelligent transportation systems to manage traffic flow, improving land-use
management, and employing information technology in place of commuting and

long-distance business travel are just a few examples.

Energy Efficiency—Industrial Sector

Independent studies estimate that the industrial sector can cost-effectively reduce
fuel use by 14-22 percent—5-7 quads—by 2020, compared with reference case
projections. Most of the gains will occur in energy-intensive manufacturing—
especially chemicals and petroleum, pulp and paper, iron and steel, and cement—
which is the focus of this analysis.

In chemical and petroleum production, technologies for improving energy
efficiency include high-temperature reactors, corrosion-resistant metal- and
ceramic-lined reactors, and sophisticated process controls. By 2020, the petro-
leum-refining sector could cost-effectively increase its energy efficiency by
10-20 percent.

The pulp and paper industry could increase its efficiency through the use of
waste heat for drying, advanced water-removal and filtration technologies, high-
efficiency pulping processes, and modernized lime kilns. This sector could experi-
ence cost-effective gains of 16-26 percent in energy efficiency by 2020.

Promising advances in technology that could be available by 2020 for manu-
facturing iron and steel include advances for melting, heat recovery, integration of

refining functions, and heat capture from waste gas. The American Iron and Steel
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Institute recently announced a goal of using 40 percent less energy in production
in 2025 than was used in 2003.

To experience the largest energy savings, cement plants must upgrade to an
advanced dry-kiln process, but this purchase is economical only when producers
must replace an older kiln. However, a combination of other improvements,
including advanced control systems and developments in combustion efficiency,
could decrease energy use by about 10 percent. In addition, changing the chem-
istry of cement to decrease the amount of lime in it could reduce energy use by
another 10-20 percent. The AEF Committee estimated that savings of 20 percent
in the U.S. cement industry are possible by 2020.

Across the industrial sector, several technologies could improve efficiency in
a number of applications. Growth in the use of combined heat and power pro-
duction is the most significant. This process uses the waste heat that is produced
when fuel is converted to electricity for water heating, space heating, or industrial
processes. Other promising technologies include remanufacturing products for
resale, advanced materials that hold up well at high temperatures, sensor systems

that increase control, and advances in recycling.

Energy Efficiency—Barriers to Deployment of Better Technologies

Numerous barriers discourage the use of energy efficiency technologies. In the
buildings sector, most utilities profit when consumers use more energy and so

are not rewarded for achieving increases in energy efficiency. Similarly, as build-
ers and landlords do not pay the energy bills, they lack the financial incentives

to invest in energy efficiency. Even for those who wish to invest, information
about the energy costs of specific appliances and equipment is often hard to find.
Despite the quick payback, people are also put off by these technologies’ initial
higher costs. In transportation, the unpredictability of future oil prices and the
inability of vehicle manufacturers to change production processes rapidly and
drastically are hindrances. In the industrial sector, cautious business owners are
often concerned about adopting any new technology. In addition, high initial costs
for efficiency improvements, a lack of knowledge, and taxes that inadvertently
discourage investments in energy efficiency pose barriers. Sustained public and pri-
vate support will be needed to overcome these formidable barriers. It is especially
important that the installation of efficient technologies and systems be encouraged
whenever infrastructure, industrial equipment, and other long-lived assets are

bought or constructed.
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Meanwhile, some national and state policies have already started the
United States on a path toward fulfilling energy efficiency’s potential. Vehicle
and appliance efficiency standards, combined with research and development
sponsored by the U.S. Department of Energy (DOE), have been particularly suc-
cessful. Other effective policies include the federal promotion of combined heat
and power, the ENERGY STAR® product labeling program, building energy
codes, and utility- and state-sponsored end-use efficiency programs. These ini-
tiatives have already resulted in a nearly 13-quad annual reduction in primary
energy use.

New incentives that might help overcome traditional barriers to adopting
energy efficiency include heightened concern about potential increases in energy
prices, questions about future availability of fuel and electricity, and increasingly
stringent air-quality standards. Other important motivations include a desire to
improve product quality and productivity, corporate sustainability initiatives,
and rising environmental awareness. Even so, substantial energy savings will be
realized only if efficient technologies and practices achieve wide use and if well-
designed policies can surmount barriers and encourage energy efficiency.

ENERGY-SUPPLY OPTIONS

Electricity from Renewable Resources

Over the past 20 years, the level of electricity generation from renewable resources
has risen significantly. The largest source of renewable energy in the United States,
conventional hydroelectric power, generated 6 percent (almost 250,000 gigawatt-
hours, or GWh, out of a total 4.16 million GWh) of the electricity produced in
2007. However, environmental concerns may limit further growth in hydroelectric
sources, and nonhydroelectric renewable sources currently provide only 2.5 per-
cent of all U.S. electricity. Based on the current rate of growth, the EIA’s reference
case estimates that nonhydroelectric renewables will contribute only 7 percent

of electricity generation by 2030. But the AEF Committee found that with a sus-
tained, accelerated effort, nonhydroelectric renewables could collectively provide
10 percent of the nation’s electricity generation by 2020 and 20 percent or more
by 2035. With current hydropower included, renewables could fulfill more than a
quarter of the nation’s electricity needs by 2035 (Figure 4).

Copyright © National Academy of Sciences. All rights reserved.





Overview and Summary of America's Energy Future: Technology and Transformation
http://lwww.nap.edu/catalog/12943.html

18

America’s Energy Future

Terawatt-hours (TWh)

4500 —

4000

w

)]

o

o
|

3000 —

2500 —

2000

1500

1000

500

4000

1100
500
All Sources Renewables 2020 2035
2007 Electricity Supply Potential New Supply: Renewables

FIGURE 4 Estimated potential new energy supply from renewables in 2020 and 2035
(right) compared to current supply from all sources (left), including renewable sources
(red) such as conventional hydropower. Potential new supply shown is in addition to cur-
rently operating supply. An accelerated deployment of technologies is assumed. All val-
ues are rounded to two significant figures.

Technologies for Electric Power from Renewable Sources

Several renewable energy technologies for power generation from wind, solar,
geothermal, hydropower, and biomass fuels are now available and are undergoing
further improvements.

In the wind sector, turbine technology has advanced substantially in recent
years. Future technology development and deployment will focus on improving
efficiency and lowering production costs and in particular will aim to improve tur-
bine output of electricity and the effective integration of wind turbines into electric
grid operations.

Solar electric power can be produced by either solar photovoltaic or con-
centrating solar power technologies. For areas of high solar intensity, such as
the southwestern United States, concentrating solar power technology can be the
cheapest means of producing solar electricity on a utility-scale level. Advances in
high-temperature and optical materials could further reduce costs. Effective elec-
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tricity storage technologies will be important for the widespread deployment of
solar electric power.

Conventional geothermal power, which uses steam or hot water present
within about 3 kilometers (km) of Earth’s surface to drive a heat engine, is a
fairly mature technology, but it has a limited resource base. Identified geothermal
resources in the western United States have an electrical power capacity of 13
gigawatts (GW). Greatly expanding that base will require enhanced geothermal
systems that can mine heat down to 10 km. Such systems face many technical
challenges and are not currently operating.

Conventional hydropower is the least expensive and most developed renew-
able source of electricity. Given environmental concerns that will probably limit
hydropower’s expansion, the focus now is on increasing its efficiency and reducing
its environmental impacts. Other hydrokinetic technologies can produce electricity
using currents, tides, and ocean waves, but no commercial facilities are currently
operating, even though many designs and demonstration plants exist.

Biopower relies on three main feedstocks: wood or plant waste, municipal
solid waste or landfill gas, and crops grown for energy. These can be used with a
variety of technologies to produce electricity, including technologies already used
in natural gas plants. However, given resource constraints, the use of biomass for
electricity production will compete with its use for alternative liquid transporta-
tion fuels such as ethanol.

Renewables—Generation Capacity and Resource Base

Wind and solar power currently have the highest growth rates as renewable
resources for electricity generation. Although wind power represented less than

1 percent of total electricity generation in 2007, from 1997 to 2007 it experienced
a 25.6 percent compounded annual rate of growth. In 2008, another 8.4 GW of
capacity was added, for a total capacity of approximately 25 GW. Despite the
economic downturn, which led to decreased financing for new projects and caused
layoffs in manufacturing, 2.8 GW of new wind power generation capacity was
installed in the first quarter of 2009 alone.

Central-utility generation of electricity from concentrating solar power (CSP)
and photovoltaics (PV) combined to supply 600 GWh in 2007, 0.01 percent of
the electricity generated in the United States. This level has been approximately
constant since 1990. However, it does not account for the increase in residential

and other small-PV installations, the fastest-growing sector in solar electricity. Use
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of solar PV in the United States has grown at a compounded annual rate of more
than 40 percent from 2000 to 2005, with a generation capacity of almost 0.5 GW.

The United States has sufficient resources to expand significantly the amount
of electricity that it generates from renewables. Solar energy, followed by wind,
offers the greatest potential among domestic renewable resources. Solar energy
could potentially produce many times the current and projected future U.S.
electricity consumption. Wind power across the continental United States could
produce 11 million GWh per year, far more than the estimated total of 4 million
GWh of electricity generated in 2008. These numbers, however, represent the total
resource base and exceed what can be developed cost-effectively. More impor-
tantly, the resource bases for wind and solar energy are not evenly distributed in
space and time and are not as concentrated as fossil and nuclear energy sources
are. Finally, there are many technological, economic, and other constraints on

using large-scale renewable energy sources.

Renewables—Deployment Potential

Between now and 2020, there are no technological constraints to the accelerated
adoption of renewable energy, but several substantial barriers exist. One signifi-
cant barrier is that existing technologies for electricity generation from renewables
are more expensive than those for most fossil-fuel-based sources of electricity if no
costs are assigned to emissions of greenhouse gases or other pollutants. Other hin-
drances include a lack of sufficient transmission capacity and the inconsistency of
policies supporting the renewable power industry.

A reasonable target for 2020 is that all renewable resources supply 20 per-
cent of the nation’s electricity, with approximately half of that generated from
nonhydropower renewables. By 2035, with continued accelerated adoption and
sustained policies, electricity generation from renewable sources other than hydro-
power could reach 20 percent of total U.S. electricity generation.

The most in-depth description of how to scale renewable generation up to
this level is the DOE’s 20-percent-wind-penetration scenario,® which requires that
the wind power industry install 16 GW of capacity annually until 2018—a rate
almost double the current U.S. annual rate of deployment but less than the current
global deployment of 27 GW. In total, this scenario predicts the installation of

¢See 20% Wind Energy by 2030: Increasing Wind Energy’s Contribution to U.S. Electricity,
U.S. Department of Energy, Washington, D.C., 2008.
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100,000 wind turbines, establishing approximately 300 GW of new wind power
capacity, with 250 GW onshore and 50 GW offshore. In considering the projected
installation rate together with the reliability of wind facilities, the AEF Committee
concluded that this scenario would be achievable with incentives for accelerated
adoption.

Another approach to reach 20 percent generation of electricity from nonhy-
dropower renewables is the expansion of multiple renewable sources. Obtaining
an annual average of 20 percent of generation solely from wind power would be
challenging because wind power is intermittent. However, wind could be balanced
with multiple renewable resources including solar, which normally peaks at a dif-
ferent time of day from wind, and with steady baseload power from geothermal
and biomass sources. Relying on multiple renewable resources could also take
advantage of their geographical variability, provide more consistent generation,
and reduce variability in supply over time. However, it would not reduce cost,
eliminate the need to expand transmission, or reduce the need for other improve-
ments to the electricity infrastructure. Reaching a level of 20 percent nonhydro-
power renewables by 2035 could be achieved by adding 9.5 GW of wind power
annually, a total of 70 GW from solar PV, and 13 GW each of geothermal and
biomass. The installation rate for wind power under this option is approximately
the current rate of installation, and the installation rates of the other renewable
technologies are consistent with an accelerated deployment schedule.

Greatly expanding the fraction of electricity generated from renewable
sources will require changes in the present electric system because of variability
over space and time in the availability of renewables such as wind and the dif-
ficulty of scaling up renewable resources. Integrating an additional 20 percent of
renewable electricity, whether from wind, solar, or some combination of sources,
will require an expansion of the transmission system as well as large increases
in manufacturing, employment in the wind power industry, and investment.
Integrating renewables so that they account for more than 50 percent of U.S.
electricity generation would require scientific advances and major changes in elec-
tricity production and use. It would also necessitate the adoption of electricity
storage technologies to offset renewables’ intermittency.

Renewables—Cost

Over the past 20-30 years, renewable sources of electricity generation have gener-
ally been more expensive than most other sources of electricity. In terms of cost
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alone, onshore wind is the most favorable renewable electricity technology out to
2020 (see Figure 6 on p. 37). With federal production tax credits for renewables

or high prices for natural gas, wind is competitive with natural gas for electricity
generation.

Solar PV presents a different economic picture. PV is a distributed genera-
tion source, with the electricity generated in the place where it is used, such as
on a house’s roof. Even though solar PV is much more expensive than utility-
level sources, it competes against retail electricity prices, not wholesale electricity
prices. Thus, if electricity prices continue to increase and more utilities adopt
time-of-day pricing, which charges the highest rate during the middle of the day,
solar PV could become more cost competitive. Its competitiveness could be lim-
ited, however, if residential and commercial solar PV systems fall short of their
potential output because of placement on roofs that lack full exposure to the
Sun. In addition, consumers still require the full electricity distribution system
and utility connections for periods when their solar systems are not generating
electricity.

In general, nearly all of the costs involved in using renewable energy for
power generation are associated with the manufacturing and installation of the
equipment. Fuel costs during operation—except those for biomass—are zero.
Renewable energy manufacturing plants can be built quickly and incrementally
compared to conventional coal and nuclear plants. Because speed at this stage
allows utilities and developers to begin recouping costs sooner, innovations in
manufacturing will strongly influence the evolution of the costs of using renewable
technologies in electric power generation.

The DOE 20 percent wind study referred to above provides one estimate of
the costs of obtaining a 20 percent annual average of total electricity generation
from renewable energy sources in the United States. Although a single study, it
included contributions from a wide array of stakeholders, including electric utili-
ties, wind power companies, engineering consultant firms, and environmental
organizations. The study considered the direct costs of installing the generating
capacity and integrating this power into the electricity system. For the 20 percent
scenario, it projected that wind power costs (capital, operation, and maintenance
expenses) would be approximately $300 billion. In addition, estimates of the
cumulative costs of needed improvements in the U.S. transmission system range
from $23 billion to $100 billion (through 2024).
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Renewables—Barriers to Deployment

High cost has been the major barrier to the adoption of renewable sources of
electricity. Recent limitations in personnel, materials, and manufacturing have fur-
ther increased the costs of solar PV and wind power projects. More importantly,
because some sources of renewable electricity are intermittent, the more capacity
there is, the greater is the difficulty of integrating that capacity into existing elec-
tric power systems. Providing 20 percent of all generation from renewable sources
will require greater transmission capacity and additional generation sources that
can be activated quickly to provide electricity when renewables are not available.
Physically expanding the transmission system (including power lines), improving
operators’ ability to control the system, and co-siting intermittent renewables with
other sources of electricity can support the integration of renewables. At this high
level of renewable technology deployment, land-use and other local impacts also
become important. Such impacts have provoked local controversy around the sit-
ing of wind farms and associated transmission lines, and opposition is likely to
continue in the future.

Consistent and long-term commitments from policy makers are essential for
encouraging investment and allowing renewable generation to reach its poten-
tial. The “on-again, off-again” nature of the federal production tax credit, for
example, has directly hampered the installation of new renewable generation
facilities.

Renewables—Impacts

The lifetime emissions of CO, and criteria pollutants” per kilowatt-hour for
renewable energy, i.e., accounting for emissions from the extraction of natural
resources to final disposal, are lower than for fossil energy, although lifetime
emissions associated with renewables are about the same as those for nuclear
power. Renewable electricity technologies (except for biopower, some geother-
mal, and high-temperature solar technologies) also use significantly less water
than is required for nuclear, natural-gas-fired, or coal-fired electricity produc-
tion. Land-use requirements are substantially higher for renewables, but in
some cases (e.g., wind) the land can often be used for multiple activities, such as
agriculture.

’Criteria pollutants, which are regulated under the Clean Air Act, include particulate matter,
ground-level ozone, carbon monoxide, sulfur oxides, nitrogen oxides, and lead.
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Nuclear Energy

U.S. energy companies have recently expressed increased interest in constructing
new nuclear power plants. Among their motivations are the need for additional
baseload generating capacity, concern about emissions of greenhouse gases from
fossil fuel plants, and the volatility of natural gas prices. They have also cited
favorable experiences with existing nuclear power plants, including ongoing
improvements in reliability and safety.® If this interest continues, an expansion
of nuclear power through 2020 and, most likely, through 2035 will not require
any major research and development. Nonetheless, the high cost of nuclear
power plant construction is a major concern, as is the aging of current plants.
The actual experience with the handful of plants that could be built before
2020 will be critical in shaping the possibilities for the increased role of nuclear

power.

Nuclear Power—Technologies

The nuclear plants now in place in the United States were built with technol-

ogy developed in the 1960s and 1970s. The industry has since discovered how

to make better use of existing plants, along with incorporating new technologies
that improve safety and security, decrease costs, and reduce the generation of
high-level waste. Incremental improvements to the 104 currently operating U.S.
nuclear plants have enabled them to produce more power than anticipated over
their lifetimes. The average plant’s capacity factor’ grew from 66 percent in 1990
to 91.8 percent in 2007, made possible primarily by shortening the duration of
outages, reducing periods when plants were off-line, and improving maintenance.
Modifying existing plants to increase output is considerably less expensive than
adding new capacity, and additional improvements are expected. In fact, nearly
as much new nuclear capacity could be added in this way before 2020 as could
be produced during that period by building new plants. Additionally, most of the
operators of current nuclear power plants have received or are expecting to receive

8The $18.5 billion in loan guarantees for new nuclear plants arising from the Energy Policy
Act of 2005 may also contribute to this interest. After the AEF Committee’s report had been
published, the Fiscal Year 2011 administration budget request included loan guarantees of up to
$50 billion for new nuclear power plants.

9The capacity factor is the ratio (expressed as a percent) of the energy output of a plant over
its lifetime to the energy that could be produced if that plant were operated at its nameplate
capacity.
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20-year operating-license extensions. These first extensions would allow plants to
operate for a total of 60 years. Discussions have also begun about extending cur-
rent licenses an additional 20 years, for a total of 80 years.

New plants constructed before 2020 will be “evolutionary” plants, based
on modifications of existing plant designs and using technologies that are largely
ready now. Plants built after 2020 may use alternative plant designs in two cat-
egories: thermal neutron reactor designs (all current U.S. reactors are thermal)
and fast neutron reactor designs. Some thermal neutron reactor plants operate at
higher temperatures than current plants and produce heat that could be used, in
addition to electricity. Fast neutron reactor plants are designed to destroy unde-
sirable isotopes associated with much of the long-lived radioactive waste in used
fuel. In some cases, they also breed additional fuel. These plants could reduce
the volume of, and the heat emitted by, long-lived nuclear waste that must go to
a repository for disposal. However, significant research and development will be
needed before these alternative reactor types can be expected to make significant
contributions to the U.S. energy supply.

Alternative fuel cycles may also offer potential. The United States currently
employs a once-through nuclear fuel cycle in which used fuel is disposed of after
removal from the reactor. In contrast, alternative (closed) nuclear fuel cycles
reprocess used fuel to produce new fuel. In principle, these alternative fuel cycles
could extend fuel supplies and reduce the amount of long-lived nuclear waste.
However, the reprocessing technology commonly used today, called plutonium and
uranium extraction (PUREX), yields a separated stream of plutonium. As a result,
the process is associated with an increased risk of nuclear weapons proliferation,
theft, or diversion of nuclear materials.'® A modified version of PUREX that keeps
uranium with the plutonium would be less risky and could be used after 2020.
Other alternatives are being investigated but are unlikely to be ready for commer-
cial use before 2035. Research and development is still needed on reactor design,
fuel design, separation processes, fuel production, and fuel application.

10For the United States, the primary risk of proliferation is the possibility of the use of such
technologies in non-nuclear weapons states. There is also concern about the theft of weapons-
usable materials from reprocessing facilities. Views differ about how the risk of proliferation
should affect technology trajectories within the United States.

Copyright © National Academy of Sciences. All rights reserved.





Overview and Summary of America's Energy Future: Technology and Transformation
http://lwww.nap.edu/catalog/12943.html

26

America’s Energy Future

4500 —
4000
4000
3500
< 3000 -
=
=
® 2500
=
2 2000
£ 1500
o
£ 1000 790
500
63 63 95
0 - S— S
500 -210
All Sources Nuclear 2020 2035 2020 2035
2007 Electricity Supply Potential New Supply: Potential New Supply:
Uprates New Plants

FIGURE 5 Estimates of potential new electricity supply from nuclear “uprates” (mid-
dle), which are increases in power generation capacity at existing nuclear power plants,
and new plants (right) in 2020 and 2035 compared to supply from all sources (left, in
green). The supply generated by nuclear power is shown in red. An accelerated deploy-

ment of technologies and a capacity factor of 90 percent are assumed. It is also assumed
that current plants will be retired at the end of 60-year operating lives, resulting in a
reduced supply of electricity from nuclear power in 2035, shown by the negative-valued
red bar on the right. However, if operating extensions to 80 years are approved for
these plants, they may not be retired by 2035. All values are rounded to two significant
figures.

Nuclear Power—Development Potential

By 2020, as many as five to nine new evolutionary nuclear plants could be built in
the United States. However, in light of the long construction times, the first one is
unlikely to be operating before 2015. By combining new power plants with capac-
ity from modified plants, an increase of 12-20 percent in U.S. nuclear capacity is
possible by 2020 (Figure 5).

After 2020, the potential magnitude of nuclear power’s contribution to the
U.S. energy supply is uncertain. The operating licenses of existing plants will begin
to expire in 2028. If the government does not issue extensions to lengthen their
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operating lifetimes to 80 years, plants will have to be shut down. If this occurs,
about 30 percent of the current U.S. nuclear power capacity will be retired by
2035. Many companies will thus have to decide soon whether to replace retiring
plants with new plants. Because cost is the major barrier to new construction,
companies will need to know whether evolutionary plants can be built on budget
and on schedule. One important purpose of providing federal loan guarantees,
especially for the next 5-10 nuclear power plants, is for companies to acquire
experience with early plants to help guide further decisions.!!

The scale of new nuclear deployment after 2020 will depend on the perfor-
mance of plants built during the next decade. If the first set of new plants con-
structed in the United States meet cost, schedule, and performance targets, many
more plants could be deployed after 2020. Construction of 3-5 plants per year
could take place until 2035, growing to 5-10 plants per year after 20335 if there
is sufficient demand. However, if the first plants do not meet their targets, other
plants are not likely to follow quickly.

Nuclear Power—Costs

The AEF Committee estimated that the levelized cost of electricity (LCOE)—the
average cost of generating a unit of electricity over the life of the facility—for new
evolutionary nuclear plants could range from 8¢/kWh to 13¢/kWh (see Figure 6
on p. 37). Existing federal incentives—including loan guarantees—could reduce
this cost to about 6-8¢/kWh for plants that receive them. These costs are higher
than the current average wholesale cost of electricity but are likely to be similar to
future costs, particularly if fossil fuel plants are required to sequester CO, or pay
a carbon fee. The costs for improvements to existing plants are from one-tenth

to one-third those for the construction of new plants. The possible costs from
advanced plant designs and alternative fuel cycles are at present highly uncertain,
but plants with these features are likely to cost significantly more than current
designs do, although the money saved from handling high-level waste materials

that are less long-lived could offset some of the differences.

The Energy Policy Act of 2005 authorizes DOE to provide guarantees for loans covering up
to 80 percent of the total project costs. The program is intended to be revenue-neutral to the gov-
ernment. It is not yet clear whether the $18.5 billion appropriated for nuclear construction will
be sufficient for the 4-5 plants that the AEF Committee judges will be needed to demonstrate
whether new nuclear plants can be built on schedule and on budget.
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Nuclear Power—aBarriers to Deployment

The high and somewhat uncertain cost of new nuclear power plants, together
with the resulting financial risk, is the most significant barrier to new deployment.
Nuclear power plants have low operating costs per unit of electricity generated
but incur high initial capital costs that present a challenge for companies. In terms
of licensing, the U.S. Nuclear Regulatory Commission (USNRC) has begun a
revised process that allows for reactor design certification, early site permits, and
combined construction and operating licenses. Nevertheless, in light of the surge
in recent applications, there may be bottlenecks and delays. Shortages of personnel
and equipment could also limit construction over the next decade, but these issues
should wane over time.

Public opinion regarding nuclear power has recently improved, but it
would most likely turn negative if safety or security problems arose. New reactor
construction has been barred in 13 states, although several of these states are
reconsidering their bans. The absence of a policy decision regarding the disposal
of long-lived nuclear wastes is not a technical impediment to the expansion of

nuclear power, but it still poses a public concern.!?

Nuclear Power—Impacts

Future expansion of nuclear power would help diversify the U.S. electricity supply.
Barring a crash program, renewable energy sources and fossil fuels with carbon
capture and storage will most likely not meet the entire U.S. demand for electric-
ity in 2035, even with gains in efficiency. Diversification of the electricity supply
would serve as an insurance policy for the United States, particularly in a carbon-
constrained economy.

The potential of nuclear power to reduce greenhouse gas emissions is a
major factor favoring its expansion, although nuclear power does pose other envi-
ronmental issues. Under the maximum nuclear power adoption rate discussed in
America’s Energy Future: Technology and Transformation, avoided CO, emissions
could reach 180 million tons per year by 2020 and 2.4 billion tons per year by

12The USNRC previously determined that the used fuel could be stored for at least 30 years
beyond the licensed life of operation of a reactor, at or away from the reactor site, and that there
was reasonable assurance that a disposal site would be available by 2025. The USNRC con-
cluded in 2009 that used fuel can be stored safely and without significant environmental impacts
until a disposal facility can reasonably be expected to be available.
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2050.13 However, the disposal of the resulting radioactive waste, particularly used
fuel, presents an environmental challenge. Yucca Mountain, Nevada, one poten-
tial disposal site, could not be ready until after 2020, and the prospect is further
diminished by the Obama administration’s stated intent not to pursue the develop-
ment of that site. But the safe and secure on-site or interim storage of used fuel for
many decades—until a permanent disposal location can be agreed on—is techni-
cally and economically feasible.'*

From a security perspective, accidents or terrorist attacks on nuclear reactors
or used-fuel storage facilities could release radioactive material. However, existing
plants have taken measures to reduce the likelihood and consequences of such
events. Furthermore, evolutionary and advanced designs have features that further
enhance safety and security.

Fossil Fuel Energy

Fossil fuels—petroleum, natural gas, and coal—currently supply about 85 per-
cent of the nation’s primary energy (see Figure 1) and will continue to be a major
source for decades to come.

Resource Base for Petroleum, Natural Gas, and Coal

Although the potentially retrievable amount of petroleum and natural gas world-
wide is very large, most of this resource is located outside the United States. In
2007, the United States imported about 58 percent of the petroleum that it con-
sumed, a drop from the 2006 peak of 60 percent. Most of this drop resulted from
the growth in production of a half million barrels per day from the deepwater
Gulf of Mexico, which suggests that sustaining domestic production levels will
depend on developing discovered resources that can make up for a decline in pro-
duction from existing oil and gas fields.

Maintaining domestic production of petroleum at current levels over the long

run will be very challenging. Producing significant volumes before 2020 from U.S.

13This calculation assumes that nuclear plants replace traditional baseload coal plants emit-
ting 1000 metric tons of CO, equivalent per gigawatt-hour and that nuclear plants emit 24-55
metric tons of CO, equivalent per gigawatt-hour on a life-cycle basis.

14Since the AEF Committee’s report was published in 2009 and as of March 2010, the
USNRC has received a total of 18 combined construction and operating-license applications for
new power reactors, and federal loan guarantees have been announced for several new reactors.
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TABLE 3 Conventional Oil Resources, Reserves, and Production (billions of
barrels)

United States World U.S. Percent of World Total
Resources 4304 33450 13
Reserves® 29 1390 2.1
Annual production 2.5/yr 29.8/yr 8.4
Annual consumption 7.5lyr 31.1/yrd 24.1

7Advanced Resources International, Undeveloped Domestic Oil, U.S. Department of Energy, Washington,
D.C., February 2006.

bNational Petroleum Council, Facing the Hard Truths About Energy, Topic Papers 7, 19, 21, 24, and 26,
Washington, D.C., 2007.

British Petroleum, Statistical Review of Energy, London, June 2008.

4According to British Petroleum, 2008, discrepancies between world production and consumption
“are accounted for by stock changes; consumption of nonpetroleum additives and substitute fuels; and
unavoidable disparities in the definition, measurement, or conversion of oil supply and demand data.”

unconventional resources, primarily oil shale, is not likely; it would, in addition,
be more expensive than conventional sources of oil and might have larger nega-
tive environmental impacts as well. Also, U.S. crude oil reserves and production
are only 2 and 8 percent, respectively, of the world’s totals (Table 3). By contrast,
because U.S. petroleum consumption is 24 percent of world consumption, changes
in U.S. demand are a significant factor in determining world demand, and there-
fore prices. Growing demand in other countries, however, could offset any down-
ward price pressures resulting from reduced U.S. demand.

The cleanest fossil fuel, natural gas, emits about half as much CO, per unit
of energy as coal does when burned for electricity generation. While the U.S.
natural gas resource base is only about 9 percent of the world total, some 86 per-
cent of the natural gas consumed in the United States is produced domestically,
and much of the rest comes from Canada. In recent years, natural gas production
from conventional resources has declined. But production from unconventional
resources, such as coal beds, tight gas sands (rocks through which flow is very
slow), and natural gas shales has increased. Higher natural gas prices in 2007
and 2008 led to expanded drilling from unconventional sources. This expansion
increased total U.S. gas production by about 9 percent in 2008 after a decade of
its being roughly constant.
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If the increase in domestic natural gas production is sustained over long
periods, it could accommodate some portion of growth in domestic demand. Or,
production from existing resources might decline and new resources might experi-
ence only modest growth, resulting in the United States having to import liquefied
natural gas at unpredictable international market prices. A number of linked fac-
tors, including the amount of growth in demand, production technology, resource
availability, and price, will determine which of these futures occurs.

About 12 percent of U.S. petroleum resources and 20 percent of U.S. natural
gas resources are believed to lie in areas that are currently off-limits, such as some
outer continental shelf (OCS) areas off the coasts of Washington, Oregon, and
California, off the Atlantic Coast, and in the eastern Gulf of Mexico, although
these estimates are highly uncertain and it is estimated that production would be
moderate. For example, petroleum production from these areas could be around
several hundred thousand barrels per day by the mid-2020s, compared to current
domestic production of 5.1 million barrels per day. Gas production from these
areas could be about 1.5 trillion cubic feet per year in the 2020-2030 period,
compared to current domestic production of 19 trillion cubic feet per year. Policy
makers are faced with balancing the energy security and economic benefits of
developing these resources against the potentially negative environmental impacts.
Most observers believe that U.S. oil production from these restricted areas would
have only a small effect on world oil prices. But because natural gas markets are
more regional, they might respond differently. Beyond price considerations, it is
possible that increased natural gas production from restricted areas could offset
the need to import natural gas.

The United States has at least 20 years’ worth of coal reserves in active mines
and probably sufficient resources to meet the nation’s needs for well over a cen-
tury at current rates of consumption. The resource base is unlikely to constrain
coal use for many decades to come. Rather, the primary constraints will most
likely be a combination of environmental, economic, geographic, geologic, and
legal issues. Burning coal to generate electricity produces about 1 metric ton of
CO, equivalent per megawatt-hour. If carbon capture and storage technologies are
successfully developed, it is possible that future coal consumption could remain at
current levels or could increase, even if greenhouse gas emissions limits are put in
place. However, if practical CCS technologies fail to materialize, coal use will be
severely curtailed in a world where carbon emissions are constrained.
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Carbon Capture and Storage

CCS technologies have been demonstrated at commercial scale, but no large
power plant today captures and stores its CO, by-product. The few large CO,
storage projects now underway are all coupled to nonpower facilities. For exam-
ple, one offshore operation in Norway separates 50 million standard cubic feet
of CO, per day (1 million metric tons per year) from natural gas before the fuel is
inserted into the European grid. The CO, is then injected under the North Sea.

CO, storage could be implemented in oil and gas reservoirs, deep forma-
tions with salt water, and deep coal beds. Specific sites would have to be selected,
engineered, and operated with careful attention to safety. In particular, the deep
subsurface rock formations selected to hold the CO, must allow the injection of
large quantities at sufficient rates and must also be layered geologically so as to
prevent, over centuries to millennia, the upward migration of injected CO,. Cur-
rent surveys suggest that the storage available within 50 miles of most of the
major U.S. sources of CO, would be more than enough to handle emissions for
many decades, and that up to 20 percent of current emissions could be stored at
estimated costs of $50 per ton of CO, or less. However, given the large volumes
involved, the challenge should not be underestimated. At typical densities, a single
1-GW coal-fired plant would have to inject about 300 million standard cubic feet
of CO, per day, a flow for which the volume would equal that of the petroleum
produced from a large oil field.

Too little is known now to determine which power generation technolo-
gies and which CO, storage options would be best for electricity production after
2020 if carbon emissions are constrained. The reliable cost and performance data
needed for both carbon capture and carbon storage can be obtained only if full-
scale demonstration facilities are constructed and operated. Such demonstrations
could convince vendors, investors, and other private-industry interests that power
plants incorporating advanced technologies and storage facilities could be built
and operate cost-effectively. The variety of coal types and the myriad conversion
options for coal, natural gas, and biomass fuels will require a diverse portfolio of
CO, capture demonstrations. Similarly, it will be necessary to operate a number
of large-scale storage projects in a variety of subsurface settings to evaluate the
options and their costs, risks, environmental impacts, legal liabilities, and regula-
tory and management issues.

The investments in such a portfolio of CCS demonstrations will be large,
but there is no benefit in waiting to make them. The AEF Committee judged that
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the period between now and 2020 could be sufficient for assessing the viability

of CCS if demonstration projects proceed as rapidly as possible. If these invest-
ments are made now, 10 GW of CCS projects could be in place by 2020. If not,
the ability to introduce CCS will be further delayed. Public acceptance of CCS as a
viable strategy can be secured only as a result of demonstration projects that per-
form reliably.

Fossil Energy Use for Electric Power Generation

In 2006, power plants generated about 52 percent of U.S. electricity from coal and
16 percent from natural gas. Many of these plants could operate for 60 years or
more, a period that plant operators do not want to shorten, given that construct-
ing new plants requires obtaining large amounts of capital and numerous permits.
Yet, significantly limiting U.S. greenhouse gas emissions will require dramatically
reducing emissions from these plants. Alternatives include (1) retiring the plants;
(2) raising the generating efficiency, thereby reducing greenhouse gas emissions
per unit of electricity produced; (3) retrofitting with CO, post-combustion cap-
ture capability; or (4) repowering/rebuilding at the site, resulting in a unit that is
entirely or mostly new.

The two principal technologies for future coal-burning power plants are
(1) those using an integrated gasification and combined cycle, which converts
coal into a synthesis gas, then removes impurities from the coal gas before it is
combusted, and finally utilizes excess heat from the primary combustion and
generation in a steam cycle similar to that of a combined-cycle gas turbine and
(2) enhancements to traditional pulverized-coal technologies. These technolo-
gies have varying potential for reducing coal plants’ greenhouse gas emissions.
Pulverized-coal units now produce nearly all of the coal-based electric power in
the United States. Compared with older steam plants, which have an efficiency of
about 34-38 percent, these “ultrasupercritical” plants could reach 40-44 percent
efficiency between 2020 and 2035. Replacing a plant of 37 percent efficiency
with one of 42 percent efficiency would result in a 12 percent reduction in CO,-
equivalent emissions and fuel consumption per kilowatt-hour of output.

Reducing emissions more dramatically in pulverized-coal plants will require
CCS. With today’s technology, the cost for retrofitting to 90 percent CO, capture
at an existing pulverized-coal plant would be nearly as high as the cost of the orig-
inal plant. In addition, 20-40 percent of the plant’s energy would be diverted for

the separation, compression, and transmission of the CO,, thus reducing its effi-
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ciency and increasing the cost of electricity. In addition, the feasibility of installing
CO,-capture retrofits varies strongly from plant to plant. Analyses that can deter-
mine when retrofitting a plant becomes more cost-effective than building a new
plant, and what percentage of CO, is captured in that situation, would provide
considerable aid to policy makers.

New natural gas combined-cycle plants are competitive with new coal plants.
Even though natural gas plants have lower capital costs and shorter construction
times, the price of natural gas strongly influences investors. For example, with nat-
ural gas at a price of $6 per million British thermal units (Btu), natural gas plants
are the lowest-cost option for electricity generation, whereas natural gas at $16
per million Btu makes such plants the highest-cost option. For comparison, over
the course of this study U.S. natural gas prices rose above $13 per million Btu and
fell to below $4 per million Btu.

Future rules governing greenhouse gas emissions and the pace at which
CCS technologies can be commercialized will also affect the competitiveness of
coal versus natural gas. Although a large shift toward natural gas would increase
demand and put upward pressure on prices, the AEF Committee considered it
wise to plan for a broad range of future prices and varying domestic availability. It
envisioned some CCS projects involving natural gas combined-cycle technology as
being part of the recommended 10 GW of CCS demonstrations.

The AEF Committee compared the costs of new pulverized-coal, integrated
gasification and combined-cycle, and natural gas plants, with and without CCS,
built with components available today and with various prices assigned for CO,
emissions. (The committee also considered biomass, and biomass and coal in
combination, as feedstocks.) If no price is put on CO, emissions, pulverized coal
without CCS is the cheapest option (see Figure 6 on p. 37). However, in a world
with a price on carbon, CCS will most likely be required. If CCS becomes neces-
sary, adding it to pulverized-coal plants is more expensive than adding it to inte-
grated gasification and combined-cycle plants. Assuming a price of $50 per metric
ton of CO, and the use of bituminous coal, the cheapest of the four coal plant
options for generating electricity is integrated gasification and combined-cycle
plants with CCS, even though the electricity would still cost more than at current
rates. If domestic natural gas proves plentiful and prices remain in the range of
$7-9 per million Btu or lower,'S then natural gas plants with CCS could compete

15Rising to the Challenge: A Study of North American Gas Supply to 2018, Cambridge En-
ergy Research Associates, Cambridge, Mass., 2009.
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economically with coal plants with CCS. In such a world, the cheapest way to
gain large reductions in CO, would be to use natural gas combined-cycle plants
plus CCS to replace existing and future coal units over time. These cost estimates
are subject to uncertainties regarding fuel costs, capital costs for first-of-a-kind
plants, and the costs of CCS technology. In addition to these current options, coal
combustion with pure oxygen instead of air is a possible option that would sim-
plify CO, capture and that might be competitive in the future.

If CCS is adequately developed, demonstration fossil-fuel CCS plants pro-
viding 10 GW could be operating by 2020, with strong policy incentives in place.
One such incentive would be a CO, emissions price of about $100 per metric
ton. Given similar assumptions, 5§ GW per year could be added between 2020
and 2025, and a further 10-20 GW per year from 2025 to 2035. This expansion
would result in a total of 135-235 GW of fossil fuel power with CCS in 2035.
The AEF Committee did not make a judgment about the mix of natural gas com-
bined-cycle, pulverized-coal, and integrated gasification and combined-cycle plants
with CCS that would be appropriate. Potentially, all existing coal-fired power
plants could be replaced by those with CCS by 2035. Whether any coal plants and
natural gas plants without CCS will still be operating in 2035 will depend on the

policies in place at that time for limiting emissions of greenhouse gases.

Fossil Fuels—Impacts of and Barriers to Deployment

The widespread use of fossil fuels in the United States has significant environ-
mental impacts, many of which have been addressed over the past few decades by
a broad array of laws and regulations. The notable exception is the emission of
greenhouse gases. A continual challenge is to keep policy instruments—especially
those affecting greenhouse gas emissions—up to date and enforced as fuel con-
sumption increases.

All of the pertinent environmental issues need to be fully considered in
assessing the real costs of different energy options. Agencies, stakeholders, and
investors concerned with environmental impacts must also prepare for future
challenges. Increasing the use of coal, oil shale, and tar sands will intensify envi-
ronmental and safety concerns surrounding extraction and emissions. Expansion
of liquefied natural gas imports may raise concerns about potential impacts of
storage facilities on coastal areas, impacts of pipeline enlargement, and infra-
structure vulnerability to terrorist attacks. Burning more fossil fuels for electricity
will increase power plants’ use of freshwater and negatively affect water quality,
aquatic life, and surrounding ecosystems.
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To continue the use of fossil fuels in a carbon-constrained world, govern-
ment will have to develop, in addition to current policies, a regulatory structure
for large-scale deployment of CCS between 2010 and 2020. This regulatory struc-
ture should address a number of issues, including CO, pipeline-transport safety
and land use, the stability and leakage of carbon stored underground, and public

acceptance of such storage.

FUTURE ELECTRICITY GENERATION COSTS AND THE DEVELOPMENT
OF TRANSMISSION AND DISTRIBUTION INFRASTRUCTURE

Estimating Future Costs of Electricity Generation

Although their potential is promising overall, new sources of electricity supply will
likely result in higher electricity prices. Estimates of the levelized cost of electric-
ity for new baseload and intermittent generation of electricity in 2020 are shown
in Figure 6, which indicates a range of LCOE values for each technology and also
shows that the ranges for many different technologies are overlapping.

The LCOEs for most of the new sources of electricity in 2020 shown in
Figure 6 are higher than projected wholesale costs. The clear exceptions are nat-
ural gas combined-cycle generation with low gas prices, coal without CCS, some
biopower for baseload generation, and onshore wind for intermittent generation.
However, biopower can provide only limited new supplies of electricity, and wind
power can incur large transmission and distribution costs for electric power gen-
erated by sources that are spatially distributed. Additionally, the generation of
electricity using natural gas and coal without CCS might not be environmentally
acceptable, and the price for electricity from natural gas could increase substan-
tially, of course, if there were large price increases for this fuel.

Future electricity costs will also be affected substantially by the rate of
deployment of energy efficiency improvements. The cost of the energy saved
through efficiency, however, is considerably lower than the price of residential and
commercial electricity. For example, a sizable fraction of the 30-35 percent reduc-
tion in energy use potentially achievable with existing energy efficiency technolo-
gies includes a substantial deployment of technologies at a cost that is a quarter of
current retail electricity prices (although regional and other differences in cost are

considerable).
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FIGURE 6 Estimates of the levelized cost of electricity for new baseload and intermit-
tent generating sources in 2020. The vertical shaded bar shows the approximate range of
average U.S. wholesale electricity prices in 2007, the dashed vertical line shows the aver-
age value in 2007, which was 5.7¢/kWh.

Electricity Transmission and Distribution

The U.S. electric power transmission and distribution system—the vital link
between power-generating stations and customers—is in urgent need of expan-
sion and upgrading. But with an investment only modestly greater than the cost

of adding transmission lines and replacing vintage equipment, new technology
could be incorporated that would improve the reliability of power delivery, enable
the growth of wholesale power markets, allow integration of renewable energy
sources into the power grid, improve resilience against blackouts and other disrup-
tions, and provide better price signals to customers through “smart” metering.
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FIGURE 7 Technologies for modernizing the U.S. transmission and distribution of elec-
tricity. Flexible Alternating Current Transmission System (FACTS) devices include technol-
ogy for improving control and enhancing the steady-state security of transmission and

distribution systems.

Transmission and Distribution—Emerging Technologies

Advanced power electronics, which have been used in limited applications, would

provide increased control for both transmission and distribution, and high-

voltage direct current (HVDC) lines offer the potential for more-efficient long-

distance transmission and grid operation (Figure 7). Some DC lines are already

16HVDC systems can be cheaper than traditional alternating current systems under some con-

ditions, such as when lines must be placed underground or underwater.
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in operation in the United States, and additional high-voltage long-distance lines
and substations could be deployed by 2020. In addition, cost-effective electric-
ity storage would help smooth power disruptions, prevent cascading blackouts,
and accommodate intermittent sources of renewable energy. Prospects for the
expansion of traditional electricity storage technologies, such as pumped-storage
hydroelectric dams, are quite limited in the United States. Some advanced storage
technologies, such as compressed-air energy and perhaps advanced batteries, will
likely be ready for deployment before 2020, although significant development is
still needed.

Modern electricity transmission and distribution systems would also gather,
process, and convey operational data far more effectively than can be done now.
Sampling voltage, frequency, and other important factors many times per second
would give operators a much clearer picture of changes in the system and enhance
their ability to control it. Improved decision-support tools with sophisticated
images of the grid would help operators quickly understand problems and the
options available, and could also strengthen long-term planning by helping to
identify potential vulnerabilities and solutions.

To achieve maximum benefit, technologies to modernize the transmission
and distribution systems must be implemented systematically and nationwide.
Most of the necessary technologies are already in limited use and their deployment
could be expanded now, but additional research and development will be useful
for reducing costs and further improving performance. Advanced communica-
tions and control software, for example, which differ between transmission and
distribution, could benefit from further development but should be ready by 2020,
as should improved decision-support tools. The cost to develop and install these
technologies will be significant, but full deployment of modern transmission and
distribution systems could be achieved by 2030.

Transmission and Distribution—Costs

Modernization and expansion are estimated to cost about $225 billion for the
transmission system and $640 billion for the distribution system over the next
20 years; expansion alone, without modernization, would cost $175 billion and
$470 billion, respectively, for the transmission and distribution systems. Such
estimates are complicated and contain an element of uncertainty, given the size
and interconnected nature of the overall U.S. electricity system and the difficulty
of determining development costs.
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Transmission and Distribution——Barriers to Deployment

Significant barriers hinder the development of modern transmission and distri-
bution systems. Many of the necessary technologies are expensive and present
some risk. For utility companies, which tend to avoid risk, it is more costly in
the short term to develop modern systems than to expand the current systems.
In general, adequate incentives for investments by utilities and customers are
lacking, a barrier that legislative and regulatory changes could address. Short-
ages of trained personnel and equipment could pose another barrier, especially in
the near term.

The ownership, management, and regulation of transmission and distribu-
tion systems are highly fragmented, complicating the development of a clear vision
for the modern grid that will be needed for utilities, regulators, and the public
to understand the benefits and accept the costs. Collaboration will be required
and investments will be needed in locations and jurisdictions that do not directly
benefit. For transmission, a comprehensive plan envisioning modernization that
involves all the interests in the planning of new transmission lines might help
expedite construction. Clear metrics that measure benefits and progress, as well
as the costs of not following this path, should be part of the strategy. In contrast,
distribution can be modernized on a regional level, and some elements are already
appearing.

Enhanced Transmission and Distribution Systems—Impacts

Modern electricity transmission and distribution systems will provide substantial
economic benefits by correcting the inefficiency and congestion of the current sys-
tem. Easier to control and better able to allow for more efficient use of dispersed
sources of electricity, these systems will also reduce the number and length of
power disruptions. The environmental benefits of modern transmission and distri-
bution systems include reduced carbon emissions as a result of the greater penetra-
tion of intermittent renewable sources; improved ability to accommodate tech-
nologies that match demand to the production of electricity; integration of electric
vehicles; and increased efficiency. Finally, modern transmission and distribution
systems will enhance safety because improved monitoring and decision making
will allow for quicker identification of hazardous conditions and will also reduce
unexpected maintenance. However, the overlay of computer-driven communica-
tions and control will require that cybersecurity become integral to modernization.
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ALTERNATIVE LIQUID TRANSPORTATION FUELS

The U.S. transportation sector consumes oil at a rate of about 14 million bar-
rels per day (bbl/d), 9 million of which are used in light-duty vehicles. Total U.S.
oil consumption is 20 million bbl/d, about 12 million of which are imported.
Although petroleum will continue to be an indispensable transportation fuel

for several decades, substantial longer-term options could start to make sig-
nificant contributions between 2030 and 2035. By producing alternative liquid
transportation fuels from domestic resources, the United States could reduce its
dependence on imported oil, increase energy security, and reduce greenhouse gas

emissions.

Fuels from Coal and Biomass

Coal and biomass are two abundant resources with substantial potential for pro-
duction of alternative liquid transportation fuels. U.S. recoverable reserves of coal
are more than 200 times the 1 billion metric tons currently produced annually,
and additional identified resources are much larger. Biomass can be produced con-
tinuously, but the natural resources required to support production can limit the
amount produced at any given time. Conversion technologies must reach commer-
cial readiness before industry can transform these resources to liquid transporta-
tion fuels.

Biomass Supply

Biomass for fuels must be sustainably produced to avoid excessively burdening the
ecosystems that support its growth. Because corn grain is used for food, feed, and
fiber production and also requires large amounts of fertilizer, the AEF Committee
considered corn grain ethanol to be a transition fuel to cellulosic ethanol (using
nonfood feedstocks) and other biomass-based liquid fuels (biobutanol and algal
biodiesel).

Using today’s technology and agricultural practices, farmers could potentially
produce about 365 million dry metric tons of cellulosic biomass sustainably per
year from dedicated energy crops, agricultural and forestry residues, and munic-
ipal solid waste. Production from dedicated fuel crops grown on idle agricultural
land in the Conservation Reserve Program would have a minimal impact on U.S.
food, feed, and fiber production and the environment. By 2020, the production of
biomass could reach 500 million dry metric tons annually.
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It is likely that producers will need incentives to grow biofeedstocks that
do not compete with other crops and to avoid land-use practices that cause sig-
nificant net greenhouse gas emissions. To ensure a sustainable biomass supply
requires a systematic assessment of the resource base that addresses environ-

mental, public, and economic concerns.

Conversion Technologies

Biochemical conversion and thermochemical conversion can be used to produce
liquid fuels from biomass and coal.

Biochemical Conversion

The biochemical conversion of starch from grains to ethanol has already been
used commercially. Although production of grain-based ethanol motivated the
initial construction of infrastructure, advanced cellulosic biofuels have a much
greater potential to reduce oil use and limit CO, emissions (Figure 8), and they
have a minimal impact on the food supply. Biochemical processes to convert cel-
lulosic biomass into ethanol are in the early stages of commercial development.
Improvements in the technologies are expected to reduce the nonfeedstock costs of
cellulosic ethanol by about 25 percent by 2020, and 40 percent by 2035.

Because ethanol cannot be transported in oil pipelines, an expanded infra-
structure would be required for cellulosic ethanol to reach its full potential.
Studies are needed to identify the ethanol infrastructure required and to address
the challenges of distributing and integrating this fuel into the U.S. transportation
system. Biochemical conversion technologies for creating fuels more compatible
with the current distribution infrastructure might also be developed over the next
10-135 years.

With all the necessary conversion and distribution infrastructure in place,
500 million dry metric tons of biomass could be used to produce up to 30 bil-
lion gallons of gasoline-equivalent fuels per year (or 2 million bbl/d). However,
the actual supply is unlikely to meet this full potential soon. When the produc-
tion of corn grain ethanol was commercialized, U.S. production capacity grew by
25 percent annually over a 6-year period. Assuming that cellulosic ethanol plants
are built at a rate twice that of corn grain ethanol plants, up to 0.5 million bbl/d
of gasoline-equivalent cellulosic ethanol could be produced by 2020. By 2035, up
to 1.7 million bbl/d could be produced—an amount equal to about 20 percent of
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FIGURE 8 Estimated net life-cycle greenhouse gas emissions for the production, trans-
portation, and use of alternative liquid transportation fuels. An estimate of negative
CO,-equivalent emissions indicates removal of CO, from the atmosphere on a net life-
cycle basis. The precise value of CO, emissions from CBTL depends on the ratio of biomass
to coal used. BTL, biomass-to-liquid fuel; CBFT, coal-and-biomass-to-liquid fuel, Fischer
Tropsch;, CBMTG, coal-and-biomass-to-liquid fuel, methanol-to-gasoline; CBTL, coal-and-
biomass-to-liquid fuel; CCS, carbon capture and storage; CFT, coal-to-liquid fuel, Fischer-
Tropsch;, CMTG, coal-to-liquid fuel, methanol-to-gasoline; CTL, coal-to-liquid fuel.

the 9 million bbl/d (140 billion gallons per day) of the fuel currently used in light-
duty vehicles.

Thermochemical Conversion

Technologies that convert coal into transportation fuels could be used on a com-
mercial level today, but life-cycle emissions of greenhouse gas would be more than
twice the CO, emissions associated with petroleum-based fuels (see Figure 8).

Copyright © National Academy of Sciences. All rights reserved.
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Fully commercializing this technology requires the use of CCS, which has not been
adequately demonstrated on a large scale in the United States. But if CCS is ade-
quately demonstrated, the geologic storage of CO, would have a relatively small
impact on engineering costs and the efficiency of coal-to-liquid plants.

Liquid fuels produced from thermochemical plants using only biomass
feedstocks are more costly than fuels produced from coal. But they can have
life-cycle CO, emissions that are close to zero without geologic CO, storage or
that are highly negative with geologic CO, storage. However, there must be a sig-
nificant economic incentive for reducing CO, emissions to make such fuels cost
competitive.

Co-feeding biomass and coal to produce liquid fuels allows for a larger
scale of operation and lower capital costs than would be possible with biomass
alone. If 500 million dry metric tons of biomass are combined with coal (60 per-
cent coal and 40 percent biomass on an energy basis), production of 60 billion
gallons of gasoline-equivalent fuels per year (4 million bbl/d) would be feasible.
That amount represents about 45 percent of the current volume of liquid fuel
consumed by light-duty vehicles in the United States. Moreover, co-fed biomass
and coal involves fewer life-cycle CO, emissions than does coal-to-liquids alone,
because the CO, emissions associated with coal are countered by the CO, uptake
by biomass during its growth. Without geologic CO, storage, combined coal-and-
biomass-to-liquid fuels have life-cycle CO, emissions similar to those of gasoline.
With geologic CO, storage, these fuels have close to zero life-cycle CO, emissions.

Whether thermochemical conversion involves coal alone or a combination of
coal and biomass, the viability of CO, geologic storage is critical to its commercial
implementation. If CCS demonstrations are initiated immediately and geologic
CO, storage is proven viable and safe by 2015, the first commercial thermochem-
ical conversion plants could be operational by 2020.

Given the vast amounts of coal in the United States, the actual supply of
coal-to-liquid fuel will be limited by its market penetration rather than by the
availability of coal. In 20 years, if two to three coal-to-liquid plants are built each
year, up to 3 million bbl/d of gasoline equivalent could be produced annually from
about 525 million metric tons of coal. However, this would require a 50 percent
increase in coal production, along with the accompanying social, environmental,
and economic costs.

Because coal-and-biomass-to-liquid fuel conversion plants are much smaller
than those that convert coal and will probably be sited in regions close to coal and
biomass supplies, build-out rates will be lower. The AEF Committee estimates that
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at a 20 percent growth rate, combined coal-and-biomass plants could produce
2.5 million bbl/d of gasoline equivalent by 2035. This production would consume
about 270 million dry metric tons (300 million dry tons) of biomass per year—
tapping less than the total projected biomass availability—and about 225 million

metric tons of coal.

Alternative Liquid Fuels from Coal and Biomass—Costs, Barriers, and
Deployment

Using a consistent set of assumptions, the AEF Committee estimated the costs

of cellulosic ethanol, coal-to-liquid fuels with and without CO, storage, and
coal-and-biomass-to-liquid fuels with and without CO, storage (Figure 9). These
estimates are not predictions of future prices, but they allow comparisons of fuel
costs relative to each other. Coal-to-liquid fuels with CCS can be produced at a
cost of $70/bbl of gasoline equivalent and are competitive with $75/bbl gaso-
line. In contrast, fuels produced from biomass without geologic CO, storage cost

Liquid Fuel Supply Source
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FIGURE 9 Predicted future prices for a number of liquid fuel feedstocks. Estimated costs
are in 2007 dollars and are rounded to the nearest $5. CTL, coal-to-liquid feedstocks;
BTL, biomass-to-liquid feedstocks; CBTL, coal-and-biomass-to-liquid feedstocks; CCS,
carbon capture and storage.
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$140/bbl for biomass-to-liquid fuels produced by thermochemical conversion.
Cellulosic ethanol produced by biochemical conversion costs $115/bbl of gasoline
equivalent. The costs of coal-and-biomass-to-liquid fuels with CCS and cellulosic
ethanol become more attractive if the price includes a CO, price of $50 per met-
ric ton.

Realizing the potential production of each of these fuels will require the
permitting and construction of tens to hundreds of conversion plants with the
associated transportation and delivery infrastructure. Given the magnitude of U.S.
petroleum consumption and its expected growth, a business-as-usual approach
for deploying these technologies will be insufficient to significantly reduce oil
consumption. The development and demonstration of technology, construction
of plant, and implementation of infrastructure require 10-20 years. In addition,
investments in alternative fuels must be protected against fluctuations in crude oil
prices.

Because geologic CO, storage is key to several of these technologies, com-
mercial demonstrations of coal-to-liquid and coal-and-biomass-to-liquid fuel
technologies integrated with CCS need to proceed immediately if the United
States is to deploy commercial plants by 2020. Moreover, detailed scenarios
for biofuel and coal-to-liquid fuel market-penetration rates must be developed
to ensure the full utilization of feedstock. In addition, current government and
industry programs must be evaluated to determine whether emerging conversion
technologies are capable of reducing U.S. oil consumption and CO, emissions

over the next decade.

Other Transportation Fuels

Technologies for producing transportation fuels from natural gas have been
deployed or will be ready for deployment by 2020. But only if large supplies of
natural gas are available at acceptable costs will the United States be likely to use
natural gas as a feedstock for transportation fuel.

Hydrogen has considerable potential, as discussed in previous National
Research Council reports.!” Hydrogen fuel-cell vehicles could yield large and sus-
tained reductions in U.S. oil consumption and greenhouse gas emissions, but it
will take several decades to realize these potential long-term benefits.

17See, for example, National Research Council, Transitions to Alternative Transportation
Technologies: A Focus on Hydrogen, The National Academies Press, Washington, D.C., 2008.

Copyright © National Academy of Sciences. All rights reserved.





Overview and Summary of America's Energy Future: Technology and Transformation
http://lwww.nap.edu/catalog/12943.html

Overview and Summary 47

CONCLUSION

The technologies described in this overview and summary can help to create a
more secure and sustainable U.S. energy system. The scenarios explored assume

a national willingness to encourage efforts to accelerate deployment. To achieve
this potential will require that the public and private sectors carry out extensive
research, development, and demonstration of many of these technologies within
the next decade, particularly in the areas of carbon capture and storage, evolu-
tionary nuclear plants, and cellulosic ethanol conversion. For electricity in par-
ticular, the United States has many promising new possibilities for production and
distribution to exploit during the next two to three decades; many of these rely
on newer technologies being deployed at required scales. To make the necessary
advances, industry and the government must adopt a portfolio approach to devel-
oping and deploying new technologies. Mixed strategies are required to ensure
staged development and deployment within a particular mode of production as
well as progress in a mix of approaches.

A number of barriers are likely to delay deployment, especially given that
many new sources of energy will be more expensive than current sources are.
Policy and regulations, however, can help overcome some of these obstacles.
National leaders have long been interested in improving the country’s energy
system, although most efforts have been piecemeal. The United States has never
adopted a comprehensive national energy policy to meet goals for sustainability,
economic prosperity, security, and environmental quality. It was the AEF Com-
mittee’s judgment that comprehensive and sustained national policies for energy
production and use will be needed to achieve a timely transformation to the more
sustainable, secure, and environmentally benign energy system envisioned in
America’s Energy Future: Technology and Transformation.

Even with the most enlightened policies, the overall U.S. energy enterprise
will be slow to change. Its complex mix of scientific, technical, economic, social,
and political elements means that transformational change will be an immense
undertaking, requiring decades to complete. Because of this long timeline and
the sense of urgency about addressing energy security and climate change, and
securing affordable sources of energy, it is essential that we begin now to set the
foundation for America’s energy future.

Copyright © National Academy of Sciences. All rights reserved.





Overview and Summary of America's Energy Future: Technology and Transformation
http://lwww.nap.edu/catalog/12943.html

Copyright © National Academy of Sciences. All rights reserved.





Overview and Summary of America's Energy Future: Technology and Transformation
http://lwww.nap.edu/catalog/12943.html

America’'s Energy Future Project

n 2007, the National Academies initiated the America’s Energy Future (AEF)

project to facilitate a productive national policy debate about the nation’s

energy future. The Phase I study, headed by the Committee on America’s
Energy Future and supported by the three separately constituted panels whose
members are listed below, will serve as the foundation for a Phase II portfolio of
subsequent studies at the Academies and elsewhere, to be focused on strategic, tac-
tical, and policy issues, such as energy research and development priorities, strate-
gic energy technology development, policy analysis, and many related subjects.

A key objective of the AEF project is to facilitate a productive national policy

debate about the nation’s energy future.
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eFranklin M. Orr, Jr., Stanford University
eLawrence T. Papay, PQR, LLC
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*Michael P. Ramage, ExxonMobil Research
and Engineering (Ret.)

eMaxine L. Savitz***** Honeywell Inc. (Ret.)

*Robert H. Socolow, Princeton University

eJames L. Sweeney, Stanford University
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Minneapolis

*C. Michael Walton, University of Texas at
Austin

*Resigned, January 20, 2009 upon confirmation as U.S. Secretary of Energy

**Confirmed as U.S. Department of Energy (DOE) Director of Office of Science, June 20, 2009
***Nominated as U.S. DOE Assistant Secretary of Fossil Energy

****Nominated as U.S. DOE Assistant Secretary of Nuclear Energy

***xxx Appointed President’s Council of Advisors on Science and Technology (PCAST)
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« 25 members (80% academy members)
 Expertise spans science, technology & economics
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America’s Energy Future S
Project Sponsorship

To minimize any perception of bias, a
broad range of sponsors was engaged:

e U.S. Department of Energy
e Kavli and Keck Foundations

e Dow Chemical, General Electric,
Intel, General Motors, and BP

e The National Academies
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e Environmental concerns emanating from burning fossil
fuels with inadequate accounting for environmental
externalities not captured in energy markets.

e National security concerns emanating from falling h
domestic production of petroleum, dependence on
fragile economic supply chains, vulnerability of the
electric power grid and transportation sector, and
Issues of nuclear safety and proliferation.

e Economic competitiveness in the face of volatile prices |
for energy supplies and uncertainties that surround
energy and commodity supply chains.
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AMERICA'S ENERGY

Initial Conditions: U.S. Energy Sector

The U.S. I1s alarge and not very efficient user of energy.
e Dividends available by increasing energy efficiency

85% of our energy is created through the burning of
fossil fuels using traditional technologies.
e Contributes to a very serious environmental problem

Much of the U.S. energy sector physical assets are old
and deteriorating.

e T&D system needs upgrade for growth and modernization

e Nuclear plants constructed largely in the 1970’s and 1980’s

e Coal plants are aging, inefficient and environmentally suspect

e Domestic petroleum reserves being depleted

Transportation sector is almost fully dependent on
petroleum, much of which is imported and the worldwide
demand is likely to grow faster than worldwide reserves.






AMERICA'S ENERGY

AEF “Global” Conclusion

The only way to meet the concerns identified given our
Initial conditions is to embark on a sustained effort to
transform the manner in which we produce and
consume energy.

Transforming the Energy Sector

The AEF committee carefully considered some of the
critical technological options (including their costs
and limitations) that might be deployed in pursuing a
transformation of the energy sector that would meet
the identified economic, environmental and national
security concerns.






AMERICA'S ENERGY

Technology Options Considered.:

Janin4

Energy efficiency
Alternative transportation fuels
Renewable electric power generation

Natural gas and advanced coal-fired power generation and
CO, capture and storage

Nuclear power
e Electric power transmission, distribution, control and storage

Options Not Considered:
e Conservation—lifestyle changes

e Improvements in exploration, extraction and transportation
of primary energy sources.

e Fuller assessment of world wide primary energy resources

NOTE: Potential contributions from technology options

are addressed on a technology by technology basis; the
committee did not conduct an integrated assessment or
FUTURE forecast of market competition and adoption.
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AMERICA'S ENERGY

Finding 1: Potential for Transformational Change

With a sustained national commitment, the
United States could obtain substantial energy-
efficiency improvements, new sources of energy,
and reductions in greenhouse gas emissions
through the accelerated deployment of existing
and emerging energy-supply and end-use
technologies.

2008 2020 2035 2040 2050
I

“Bucket 1” “Bucket 3~

11
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AMERICA'S ENERGY
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Finding 2: Energy Efficiency Potential

The deployment of existing energy-efficiency
technologies is the nearest-term and lowest-cost
option for moderating our nation’s demand for
energy, especially over the next decade.

2008 2020 2035 2040 2050
|
15 Percent (15-17 Quads) by 2020

30 Percent (32-35 Quads) by 2030

NOTE: Even greater savings would be
possible with more aggressive policies
and incentives.
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AMERICA'S ENERGY

Potential Electricity Savings in Commercial and
Residential Buildings, 2020 and 2030
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B Commercial Buildings
Residential Buildings
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2007 2020 2030

Delivered DOE/EIA Projection of Delivered
Electricity Electricity (Reference Case)

2020 2030

Potential Electricity Savings:

Buildings






| AMERICA'S ENERGY
Finding 3: Electricity Supply Options

The United States has many promising
options for obtaining new supplies of electricity
and changing its supply mix during the next two
to three decades, especially if carbon capture
and storage (CCS) and evolutionary nuclear

technologies can be deployed at required
scales.

However, the deployment of these new
supply technologies is very likely to result In
higher consumer prices for electricity.

NN

Current 2008 2020 2035
Terawatt-hours |
Renewables 340 500 1100
Coal CCS Retrofits 2000 ** 0 1200
New Coal CCS 74 1800
Nuclear Power Uprates 63 63

New Nuclear Power Plants 95 790

***conventional coal ****existing nuclear
NOTE: Estimates are not additive
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AMERICA'S ENERGY

Prospects for Renewable Electric Power in the U.S.
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AMERICA'S ENERGY

Future of Coal with Carbon Capture
and Sequestration: Retrofits and New Supply
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2007 Electricity Supply Retrofits and Repowering:
Coal with CCS

74

2020 2035

Potential New Supply:
Coal with CCS
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Prospects for Nuclear Power in the U.S.
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AMERICA'S ENERGY

Levelized Cost of Electricity Generation

Biopower

Levelized Cost of Electricity for New Baseload Sources

Geothermal

Nuclear

NGCC (High)

NGCC-CCS (High)
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AMERICA'S ENERGY

Demonstration of Technology at Scale

To clarify our options for the future, we must:

e Demonstrate whether carbon capture and storage (CCS)
technologies for sequestering carbon from the use of coal and
natural gas to generate electricity are technically and commercially
viable for application to both existing and new power plants—will
require the construction of ~15-20 retrofit and new demonstration
plants with CCS featuring a variety of feedstocks, generation
technologies, carbon capture strategies, and geology before 2020.

Demonstrate whether evolutionary nuclear technologies are
commercially viable in the United States by constructing a suite of
about five plants during the next decade.

Failure to do this during the next decade would greatly restrict
options to reduce the electricity sector’s CO, emissions over
succeeding decades. The urgency of getting started cannot be
overstated.






AMERICA'S ENERGY

Finding 4: Modernizing the Nation’s Power Grid

Expansion and modernization of the nation’s
electrical transmission and distribution systems
(i.e., the power grid) are urgently needed.

The AEF Committee estimates that it would cost (in
2007 dollars) $175 billion for expansion and $50 billion
for modernization of the transmission system when
they are done concurrently and $470 billion for
expansion and $170 billion for modernization of the
distribution system (again done concurrently).
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