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Department of Energy
Appropriation Account Summary

(dollarsin thousands - OMB Scoring)

FY 2006 FY 2007 FY 2007 FY 2008 | FY 2008 Request vs.
Current Cong. CR Cong. FY 2007 Request
Approp. Request Rate Request $ [ %
Discretionary Summary By Appropriation
Energy And Water Development, And Related Agencies
Appropriation Summary:
Energy Programs
Energy supply and Conservation............cccccceeeeiieeenns 1,812,397 1,923,361 1,817,487 2,187,943 +264,582 +13.8%
Fossil energy programs
Clean coal technology............cccocveiuienns -20,000 e -5,000 -58,000  -58,000 N/A
Fossil energy research and development.. 580,669 469,686 558,204 566,801 +97,115 +20.7%
Naval petroleum and oil shale reserves..................... 21,285 18,810 18,275 17,301 -1,509 -8.0%
Elk Hills school lands fund..............cccoooiiiiiiiniicns 83,520 e 2,000 e e
Strategic petroleum reserve............. 207,340 155,430 155,430 331,609 +176,179 +113.3%
Northeast home heating oil reserve. _ 4,950 4,950 5,325 +375 +7.6%
Strategic petroleum account......... -43,000 — — — —
Total, Fossil energy programs..........ccceeecveeeenieeeesienenns 829,814 648,876 733,859 863,036 +214,160 +33.0%
Uranium enrichment D&D fund...........cccocceeviiiiinnnnens 556,606 579,368 556,525 573,509 -5,859 -1.0%
Energy information administration............c.c.ccoceeveeenne. 85,314 89,769 85,185 105,095 +15,326 +17.1%
Non-Defense environmental cleanup............cccccocveeen. 349,687 310,358 309,946 180,937 -129,421 -41.7%
Uranium Sales and Remediation —_— —_— —_— —_— —_—
SCIBINCE. ..ttt 3,632,044 4,101,710 3,605,000 4,397,876 +296,166 +7.2%
Nuclear waste diSposal...........ccceevieiniiiiiieiiieneeiieens 148,500 156,420 141,511 202,454  +46,034 +29.4%
Departmental administration... . 120,595 128,825 102,582 148,548  +19,723 +15.3%
INSPECLOr GENETAL......ciuviiiiiiiieiiieeiee e 41,580 45,507 41,784 47,732 +2,225 +4.9%
Innovative Technology Loan Guarantee Program......... — — — 8,390 +8,390 N/A
Total, Energy Programs...........ccocverieeiiienieeinieesiee e 7,576,537 7,984,194 7,393,879 8,715,520 +731,326 +9.2%
Atomic Energy Defense Activities
National nuclear security administration:
Weapons aCtiVItIeS.........covvveiuiiiieeniceie e 6,355,297 6,407,889 6,412,001 6,511,312 +103,423 +1.6%
Defense nuclear nonproliferation............c.ccccceevveenee. 1,619,179 1,726,213 1,620,901 1,672,646 -53,567 -3.1%
Naval reaCtorS..........covverriieeiiee e 781,605 795,133 780,343 808,219  +13,086 +1.6%
Office of the administrator.............c.ccocevveennnen. 354,223 386,576 341,991 394,656 +8,080 +2.1%
Total, National nuclear security administration 9,110,304 9,315,811 9,155,236 9,386,833  +71,022 +0.8%
Environmental and other defense activities:
Defense environmental cleanup..........c.cccoocveeieeninens 6,129,729 5,390,312 5,551,812 5,363,905  -26,407 -0.5%
Other defense activities.............cccccvvveeeeeeeieeccciinee. 635,578 717,788 638,129 763,974  +46,186 +6.4%
Defense nuclear waste disposal . 346,500 388,080 346,163 292,046  -96,034 -24.7%
Total, Environmental & other defense activities............ 7,111,807 6,496,180 6,536,104 6,419,925 -76,255 -1.2%
Cerro grande fire actiVities.........cccooveerieeriienieeneeeenn 742 — — — —
Total, Atomic Energy Defense Activities............ccocveeenne 16,222,853 15,811,991 15,691,340 15,806,758 -5,233 -0.0%
Power marketing administrations:
Southeastern power administration..............ccccoeeveeeenne 5,544 5,723 5,544 6,463 +740 +12.9%
Southwestern power administration.... 29,864 31,539 29,864 30,442 -1,097 -3.5%
Western area power administration 231,652 212,213 212,213 201,030 -11,183 -5.3%
Falcon & Amistad operating & maintenance fund......... 2,665 2,500 2,500 2,500 o o
Colorado RiVer Basins............ccccvuvveieeeeee e — -23,000 — -23,000 —
Total, Power marketing administrations..............cc.ccceue.. 269,725 228,975 250,121 217,435  -11,540 -5.0%
Federal energy regulatory commission.............c.cceeueene. e e e e e e
Subtotal, Energy And Water Development and Related
AGENCIES. ..ottt ettt e 24,069,115 24,025,160 23,335,340 24,739,713 +714,553 +3.0%
Uranium enrichment D&D fund discretionary payments...  -446,490 -452,000 o -463,000  -11,000 -2.4%
Excess fees and recoveries, FERC.............cccoevevvvvvenen.n. -50,015 -19,221 — -17,462 +1,759 +9.2%
Total, Discretionary Funding 23,572,610 23,553,939 23,335,340 24,259,251 +705,312 +3.0%
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Strategic Performance Overview

The Overviews in these budget requests will describe, Mission, Benefits, Strategic Themes, and Funding
by Strategic Goal. These items together put the appropriation in perspective. The Annual Performance
Results and Targets, Means and Strategies, and Validation and Verification sections address how the
goals will be achieved and how performance will be measured. Finally, the Overviews will address
R&D Investment Criteria, and Program Assessment Rating Tool (PART).

Strategic Context

Following publication of the Administration’s National Energy Policy, the Department developed a
Strategic Plan that defines its mission, five strategic themes for accomplishing that mission, and 16
strategic goals to support the strategic goals. Each appropriation has developed quantifiable goals to
support the strategic goals. Thus, the “performance cascade” is the following:

Department Mission = Strategic Theme = Strategic Goal = GPRA Unit Program Goal (GPRA Unit)
—> Annual Targets = Milestones

The performance cascade accomplishes two things. First, it ties major activities for each program to
successive goals and, ultimately, to DOE’s mission. This helps ensure the Department focuses its
resources on fulfilling its mission. Second, the cascade allows DOE to track progress against
quantifiable goals and to tie resources to each goal at any level in the cascade. Thus, the cascade
facilitates the integration of budget and performance information in support of the GPRA and the
President’s Management Agenda (PMA).

To provide a concrete link between budget, performance, and reporting, the Department developed a
“GPRA' unit’concept. Within DOE, a GPRA Unit defines a major activity or group of activities that
support the core mission and aligns resources with specific goals. Each GPRA Unit has completed or
will complete a Program Assessment Rating Tool (PART). A unique program goal was developed for
each GPRA unit. A numbering scheme has been established for tracking performance and reporting.’

R&D Investment Criteria

Another important component of our strategic planning — and the President’s Management Agenda — is
use of the Administration’s R&D investment criteria to plan and assess programs and projects. The
criteria were developed in 2001 and further refined with input from agencies, Congressional staff, the
National Academy of Sciences, and numerous private sector and nonprofit stakeholders.

The chief elements of the R&D investment criteria are quality, relevance, and performance. Programs
must demonstrate fulfillment of these elements. For example, to demonstrate relevance, programs are
expected to have complete plans with clear goals and priorities. To demonstrate quality, programs are
expected to commission periodic independent expert reviews. There are several other requirements,
many of which R&D programs have and continue to undertake.

An additional set of criteria were established for R&D programs developing technologies that address
industry issues. Some key elements of the criteria include: the ability of the programs to articulate the

' Government Performance and Results Act of 1993

The numbering scheme uses the following numbering convention: x.x.xx.xx. The first position identifies the Strategic
Theme (01 through 05); the second position identifies the Strategic Goal; the third position identifies the GPRA Unit
Program; the fourth position is reserved for future use.

Department of Energy Page 5 FY 2008Congressional Budget



appropriateness and need for Federal assistance; relevance to the industry and the marketplace;
identification of a transition point to industry commercialization (or of an off-ramp if progress does not
meet expectations), and; the potential public benefits, compared to alternative investments, that may
accrue if the technology is successfully deployed.

OMB-OSTP on-going guidance describes the R&D investment criteria fully and identifies steps
agencies should take to fulfill them. Where appropriate throughout these justification materials,
especially in the Explanation of Funding Changes subheadings, specific R&D investment criteria and
requirements are cited to explain the Department’s allocation of resources.

Department of Energy Page 6 FY 2008Congressional Budget
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Energy Supply and Conservation
Appropriation Language

For Department of Energy expenses including the purchase, construction, and
acquisition of plant and capital equipment, and other expenses necessary for energy
supply and energy conservation activities in carrying out the purposes of the Department
of Energy Organization Act (42 U.S.C. 7101 et seq.), including the acquisition or
condemnation of any real property or any facility or for plant or facility acquisition,
construction, or expansion, and the purchase of not to exceed twenty passenger motor
vehicles for replacement only, including one ambulance, $2,187,943,000, to remain
available until expended.

Energy Supply and Conservation/ Page 9
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Energy Supply and Conservation
Office of Energy Efficiency and Renewable Energy

Appropriation Summary by Program

Energy Supply and Conservation
Hydrogen Technology
Biomass and Biorefinery Systems R&D
Solar Energy
Wind Energy
Geothermal Technology
Hydropower
Vehicle Technologies
Building Technologies
Industrial Technologies
Federal Energy Management Program
Facilities and Infrastructure

Weatherization and Intergovernmental
Activities

Program Direction

Program Support
Subtotal, Energy Supply and Conservation
Use of Prior Year Balances

Total, Energy Supply and Conservation

Preface

Overview

(dollars in thousands)

FY 2006 FY 2007

Current FY 2007 Continuing FY 2008

Appropriation Request Resolution Request
153,451 195,801 157,066 213,000
89,776 149,687 91,891 179,263
81,791 148,372 83,718 148,304
38,333 43,819 39,236 40,069
22,762 0 23,298 0
495 0 507 0
178,351 166,024 182,552 176,138
68,190 77,329 69,796 86,456
55,856 45,563 57,172 45,998
18,974 16,906 19,421 16,791
26,052 5,935 26,665 6,982
316,866 225,031 324,331 204,904
101,868 91,024 104,268 105,013
13,321 10,930 13,635 13,281
1,166,086 1,176,421 1,193,556 1,236,199
-3,339 0 0 0
1,162,747 1,176,421 1,193,556 1,236,199

The Office of Energy Efficiency and Renewable Energy (EERE) is requesting $1,236,199,000 for Fiscal
Year (FY) 2008, an increase of 5.1 percent over the FY 2007 request. These funds support a diverse
portfolio of energy efficiency and renewable energy research and development (R&D) and deployment
programs designed to help meet the energy challenges of the 21* century. In announcing the Advanced
Energy Initiative (AEI) in January 2006, the President called upon the Nation to break its dependence on
foreign resources and transform how we power our economy. EERE’s budget helps to address that
challenge by growing critical elements of Hydrogen, Biomass, Vehicles, Buildings, and support
programs, by maintaining key programs such as Solar, Industry, and the Federal Energy Management

Energy Supply and Conservation/
Energy Efficiency and Renewable Energy/
Overview
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Program (FEMP) and by reallocating resources requested for elements of Wind and Weatherization
programs to support critical growth in R&D. Major reallocations are discussed in the Significant
Changes section of the Overview and in detail in the individual program chapters. These funding levels
will provide the foundation for a safer, cleaner, and sustainable energy future and expand efforts to get
new technologies into the marketplace more quickly. This request also supports provisions of the
Energy Policy Act of 2005, which builds upon work in progress in EERE. Working in partnership with
organizations that can bring significant leverage to EERE program technologies, the EERE portfolio
supports the Department’s mission to power and secure America’s future by developing cost-effective
options for reliable, clean, and affordable energy, and by addressing barriers to their adoption that will
increase the energy supply and productivity of all sectors of the economy.

The FY 2008 EERE budget maintains focus on key components of the AEI including: the Biofuels
Initiative to develop affordable, bio-based transportation fuels from a wider variety of feedstocks and
agricultural waste products; the Solar America Initiative to accelerate the development of materials that
convert sunlight directly to carbon-free electricity; the Hydrogen Fuel Initiative to develop technology
options for domestic hydrogen infrastructure and for hydrogen-powered fuel cells to power vehicles
without greenhouse gases; wind energy research to reduce costs and address barriers to large-scale use
of wind power in the U.S.; and FreedomCAR, to support advanced automobile performance, power and
efficiency technologies including plug-in hybrid vehicles. Another hallmark of this budget is EERE’s
response to the Secretary’s initiative to create a stronger link between the basic sciences and the applied
energy programs and enabling market mechanisms that will more successfully leverage, focus, and
accelerate the specific technology advances needed to overcome barriers and expand the value and use
of emerging new technologies.

Within the Energy Supply and Conservation Appropriation EERE has 14 programs in FY 2008:
Hydrogen Technology (12 subprograms), Biomass and Biorefinery Systems R&D (4 subprograms),
Solar Energy (4 subprograms), Geothermal Energy (3 subprograms), Wind Energy (3 subprograms),
Hydropower (2 subprograms), Vehicle Technologies (5 subprograms), Building Technologies (8
subprograms), Industrial Technologies (4 subprograms), Federal Energy Management Program (4
subprograms), Facilities and Infrastructure (1 subprogram), Weatherization and Intergovernmental
Activities (9 subprograms), Program Support (3 subprograms), and Program Direction.

Mission

The mission of the Office of Energy Efficiency and Renewable Energy is to strengthen America’s
energy security, environmental quality, and economic vitality through public-private partnerships that
result in energy efficiency and productivity, bring clean, reliable, and affordable energy technologies to
the marketplace, and make a difference in the everyday lives of Americans by enhancing their energy
choices and quality of life.

Benefits

EERE programs benefit both the supply and demand sides of the Department’s energy security equation,
making greater productive use of the energy we have and hastening the arrival and use of the new fuels
and technologies that we need. Energy efficiency efforts benefit all sectors of the economy that use
energy. Some key examples include: solid state lighting could transform conventional illumination and
reduce commercial building lighting consumption by 50 percent or more; appliance standards could save
energy for consumers and provide net benefits to the economy; cost-shared partnerships that target
America’s most energy-intensive industries could make them more productive and competitive; and

Energy Supply and Conservation/
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strategies that reduce the energy use of one of the Nation’s largest consumers, the Federal Government
itself. Vehicle efficiency could be transformed by continued research to increase the productivity of key
vehicle systems regardless of fuel. R&D that reduces the cost of high-power lightweight lithium ion
batteries could usher in the era of plug-in hybrid vehicles as viable near- and mid-term options for the
oil-dependent transportation sector. If successful, R&D on the “fuels of tomorrow,” such as biofuels
and hydrogen, could change our domestic energy economy’s import dependence. EERE’s budget
continues to improve the system components of wind power and the conversion efficiencies of
photovoltaic components, aggressively developing key technologies. When combined with our efforts
to address market barriers, our investment in R&D will enable solar and wind energy to make a large-
scale contribution to the expected growth in electricity demand across the Nation, while diversifying
electricity supply and reducing greenhouse gases.

These integrated programs directly contribute to the Departmental goal by: (1) reducing demand-side
pressure on our energy markets (mitigates costs); (2) reducing oil imports; (3) diversifying the mix of
domestic energy production; (4) providing smaller and decentralized alternative and non-fuel based
sources of electricity generation that are inherently less susceptible to interruption or attack; (5)
resolving the technology and market components of barriers to widespread use of these solutions; and
(6) providing principal energy technologies and pathways enabling the Nation to achieve its energy and
Climate Change Technology Program goals. The EERE portfolio’s proposed budget will deliver
significant security, economic, and environmental benefits. Drawing upon the Energy Information
Administration’s (EIA) expectations of energy supply, demand, and cost, and modeling our programs’
goals in integrated energy-economy models, we expect that achievement of EERE program goals would
save consumers over $112 billion a year in 2030 and around $400 billion a year in 2050; and reduce
annual costs to the electric power sector by $26 billion and $70 billion in those years, respectively.
Similarly, we expect that our portfolio will annually avoid 220 million metric tons of carbon (MMTC) in
2030 and over 500 MMTC in 2050. Finally, we expect that our portfolio will offset two million barrels
per day (MBPD) of imported oil in 2030 and seven MBPD in 2050, corresponding to an increase in
transportation energy diversity of 24 percent and 42 percent, respectively. More detailed expected
benefits estimates are provided in the Expected Program Outcomes section at the end of this Overview,
and in the individual program sections.

Strategic Themes and Goals and GPRA Unit Program Goals

The Department’s Strategic Plan identifies five Strategic Themes (one each for nuclear, energy, science,
management, and environmental aspects of the mission) plus 16 Strategic Goals that tie to the Strategic
Themes. The Energy Supply and Conservation appropriation supports the following goals:

Strategic Theme 1, Energy Security: Promoting America’s energy security through reliable, clean, and
affordable energy.

Strategic Goal 1.1, Energy Diversity: Increase our energy options and reduce dependence on oil,
thereby reducing vulnerability to disruptions and increasing the flexibility of the market to meet U.S.
needs.

Strategic Goal 1.2, Environmental Impacts of Energy: Improve the quality of the environment by
reducing greenhouse gas emissions and environmental impacts to land, water, and air from energy
production and use.

* References in these justification documents to future years represent calendar years unless otherwise noted.
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Strategic Goal 1.3, Energy Infrastructure: Create a more flexible, more reliable, and higher capacity
U.S. energy infrastructure.

Strategic Goal 1.4, Energy Productivity: Cost-effectively improve the energy efficiency of the U.S.
economy.

Strategic Theme 3, Scientific Discovery and Innovation: Strengthening U.S. scientific discovery,
economic competitiveness, and improving quality of life through innovations in science and technology.

Strategic Goal 3.3, Research Integration: Integrate basic and applied research to accelerate innovation
and to create transformational solutions for U.S. energy needs.

The programs funded within the Energy Supply and Conservation appropriation have twelve GPRA
Unit Program Goals that contribute to the Strategic Goals in the “goal cascade.” These goals are:

=  GPRA Unit Program Goal 1.1.01.00: Hydrogen Technology. Develop fuel cell and hydrogen
production, delivery and storage technologies to the point that they are cost and performance
competitive and are being used by the Nation’s transportation, energy, and power industries.
Development of these technologies will also make our clean domestic energy supplies more flexible,
dramatically reducing dependence on oil.

=  GPRA Unit Program Goal 1.1.06.00: Biomass and Biorefinery Systems R&D. Develop
biorefinery-related technologies associated with the different biomass resource pathways to
the point that they can compete in terms of cost and performance and are used by the
Nation’s transportation, chemical, agriculture, forestry, and power industries to meet their
respective market objectives. This helps the Nation expand its clean, sustainable energy
supplies, improve its energy infrastructure, and reduce its greenhouse gases emissions, fossil
energy consumption and dependence on oil.

= GPRA Unit Program Goal 1.1.03.00: Solar Energy. The Solar Program goal is to improve the
performance and reduce the cost of solar energy systems to make solar power cost-competitive with
conventional electricity sources, thereby accelerating large-scale usage across the Nation and making
a significant contribution to a clean, reliable and flexible U.S. energy supply. The President's Solar
America Initiative sets the goal of reaching cost-competitiveness across all sectors by 2015.

=  GPRA Unit Program Goal 1.1.04.00: Wind Energy. The goal of the Wind Program is to enable
wind to compete with conventional fuel throughout the Nation, creating a clean renewable energy
option. We accomplish this through technology research and development, collaborative efforts,
technical support and outreach to overcome barriers in energy cost, energy market and infrastructure
rules and energy sector acceptance.

= GPRA Unit Program Goal 1.2.13.00: Hydropower. With the completion of testing on new turbine
technologies and consistent with previous Congressional direction, the Hydropower Program’s goal
is to closeout this program and effectively transition remaining program activities and information
(e.g., R&D results, technical data and findings) to private/public sector programs.

= GPRA Unit Program Goal 1.1.05.00: Geothermal Technology. With the completion of final
reporting on funded projects, the Geothermal Technology Program’s goal is to closeout this program
and to effectively transition remaining program activities and information (e.g., R&D results,
technical data and findings) to private/public sector programs.

Energy Supply and Conservation/
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= GPRA Unit Program Goal 1.1.02.00: Vehicle Technologies. The Vehicle Technologies Program
goal is developing technologies that enable cars and trucks to become highly efficient, through
improved power technologies and cleaner domestic fuels, while remaining cost- and performance-
competitive. Manufacturers and consumers can then use these technologies to help the Nation
reduce both petroleum use and greenhouse gas emissions.

=  GPRA Unit Program Goal 1.4.20.00: Building Technologies. The Building Technologies Program
goal is to develop cost effective tools, techniques and integrated technologies, systems and designs
for buildings that generate and use energy so efficiently that buildings are capable of generating as
much energy as they consume.

=  GPRA Unit Program Goal 1.3.19.00: Industrial Technologies. The Industrial Technology Program
goal is to partner with our most energy-intensive industries in strategic planning and specific RD&D
to develop the technologies needed to use energy efficiently in their industrial processes and cost-
effectively generate much of the energy they consume. The result of these activities will save
feedstock and process energy, improve the environmental performance of industry, and help
America’s economic competitiveness.

=  GPRA Unit Program Goal 1.4.07.00: Federal Energy Management Program. The Federal Energy
Management Program goal is to provide assistance with project financing and technical assistance to
Federal agencies to further the use of cost-effective energy efficiency and renewable energy.
FEMP’s activities enhance energy security, environmental stewardship and cost reduction within the
Federal Government.

= GPRA Unit Program Goal 1.4.21.00: Weatherization. The goal of Weatherization Assistance

Program grants is to increase the energy efficiency of dwellings occupied by low-income Americans,

thereby reducing their energy costs. DOE works directly with States and certain Native American
Tribes that contract with local governmental or non-profit agencies to deliver weatherization
services.

=  GPRA Unit Program Goal 1.4.22.000: State Energy Programs. The State Energy Program (SEP)
goal is to strengthen and support the capabilities of States to promote energy efficiency and adopt
renewable energy technologies, helping the Nation achieve a stronger economy, a cleaner
environment and greater energy security.

Contribution to Strategic Goal

The EERE Programs — Hydrogen Technology, Biomass and Biorefinery Systems R&D, Solar Energy,
Wind Energy, Geothermal Technology, Vehicle Technologies, Building Technologies, Industrial
Technologies, Federal Energy Management Program, and Weatherization and Intergovernmental
Activities — as well as our administrative activities — Facilities and Infrastructure, Program Direction,
and Program Support — all combine to contribute to Strategic Theme 1. EERE works with science,
supply, productivity, and process management programs to reduce both the probability and potential
magnitude of energy-based disruptions and to improve the Nation’s mix of clean affordable energy

Energy Supply and Conservation/
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options. Individual program activities planned for and funded by this appropriation would contribute to
these improvements in the following ways under business-as-usual conditions.”

= Hydrogen Technology contributes to this goal by developing cost-competitive hydrogen production,
delivery, and storage technologies to enable a hydrogen fuel infrastructure from diverse, domestic
resources, and by improving the durability of fuel cells while reducing their cost. Specific goals
include reducing the cost of producing hydrogen to $2.00-3.00/gge, reducing the cost of automotive
fuel cell systems to $30/kW, and developing storage technologies that enable greater than 300-mile
vehicle driving range. The key intermediate technology target for fuel cells is reducing the
production cost of the fuel cell power system to $45/kW by 2010. Collectively, and with enabling
technologies from the Freedom Car Vehicle Technologies program, our modeling suggests that these
technologies could displace 0.3 million barrels per day (mbpd) of oil in 2030, and as these
technologies enter the market in significant numbers, oil displacement could increase to over 2 mbpd
in 2050. Additionally, they provide the option for substantially faster growth in hydrogen use if
energy markets demand more rapid change.

= Biomass and Biorefinery Systems R&D contributes to this goal by developing biorefinery related
technologies associated with the different biomass resource pathways to the point that they can
compete in terms of cost and performance and are used by the Nation's transportation, chemical,
agriculture, forestry, and power industries to meet their respective market objectives. This helps the
Nation expand its clean, sustainable energy supplies, improve its energy infrastructure, reduce its
greenhouse gas emissions, reduce fossil fuel consumption and, thus, dependence on foreign oil. As
outlined by the President's Advanced Energy Initiative (AEI), the Program's goal is to develop and
demonstrate cost-competitive technology for the conversion of cellulosic biomass to ethanol by
2012. The program’s R&D will contribute key technologies that help in the displacement of
significant gasoline demand.

= Solar Energy contributes to this goal by accelerating breakthroughs in advanced solar energy
technologies to help address the critical national goal of energy security by changing the way we
power our homes and businesses. The Solar America Initiative under the AEI aims to reduce the
cost of solar photovoltaic technologies so that they become cost-competitive by 2015 which
accelerates the technology development by five years compared to the program prior to the AEI.
Solar energy also improves the environment by reducing greenhouse gases, creates more reliable
infrastructure through on-site distributed systems, and is important to achieving the possibility of
“zero energy buildings” that produce as much energy as they use (net on an annual basis), when
coupled with energy efficient technologies and building designs.

* Wind Energy contributes to this goal by developing wind technologies that will provide large scale
wind production in Class-4 wind conditions at $0.036/kWh for land-based applications by 2012, in
Class-6 wind conditions at $0.07/kWh for offshore shallow water by 2014, and $0.07/kWh for
transitional depth (up to 60 meters) by 2016. The program also addresses the barriers to large-scale
use of wind energy in the United States which could significantly accelerate and expand wind
generation of electricity.

* Important information regarding benefits estimation assumptions and methods are discussed in the Expected Integrated
Program Outcomes section in the Overview: e.g., individual program contributions are not strictly additive because of
overlap in the markets addressed.
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= Vehicle Technologies contributes to this goal by developing technologies for highly efficient cars
and trucks, including more efficient combustion engines and corresponding clean fuels; power
electronics, batteries, and hybrid systems for both conventional and plug-in hybrid vehicles; and
lightweight vehicle materials. Technology goals include reducing the cost of a 25 kW hybrid vehicle
battery pack from $3,000 in 1998 to $500 in 2010; improving advanced light-duty engine
combustion efficiency from 30 percent in 2002 to 45 percent in 2010; and developing lightweight
materials that could reduce the weight of a passenger car or light truck by 50 percent by 2010. Our
modeling suggests that these and other vehicle technologies mean that the Vehicle Technologies
Program could displace oil imports of nearly 2 million barrels per day (mbpd) by 2030 and nearly 6
mbpd in 2050, based on projected market conditions.

= Building Technologies contributes to this goal by developing advanced lighting and appliances,
which when coupled with improved building system integration and design, could provide
marketable technologies that can reduce energy use by up to 70 percent in homes by 2020 and 60-70
percent in commercial buildings by 2025. Interim goals by 2010 include: five Building America
technology package research reports that can achieve an average of 40 percent reduction in whole
house end use energy will be developed and evaluated; up to fourteen technology packages that can
achieve 30 percent reduction in the purchased energy use in new, small commercial buildings
relative to ASHRAE 90.1-2004 will be developed; and 13 formal proposals for product standards
and test procedures will be issued. Improvements in equipment standards, building codes, and
consumer access to these technologies could also facilitate marketable improvements in the
efficiency of existing buildings by up to 20 percent. If successful, our modeling suggests that these
activities could reduce building energy use by nearly 1.3 Quads per year in 2030 and nearly 2.1
Quads by 2050.

= Industrial Technologies contributes to the goal of cost-effectively improving the energy efficiency of
the U.S. economy by helping to improve the energy efficiency of the Nation’s industrial sector
through a coordinated program of research and development, validation, and dissemination of
energy-efficiency technologies and operating practices. Energy efficiency improvements in the
industrial sector directly reduce the demand for oil, natural gas, and electricity, building economic
strength for a more secure future that does not depend so heavily on imported fossil fuels and
produces fewer carbon emissions. Our modeling suggests that the Industrial Technologies program
could contribute to an 11.7 percent reduction in energy intensity in energy-intensive industries
between 2002 and 2012.

= FEMP contributes to this goal through project financing, technical assistance, and project evaluation
which will facilitate energy efficiency and renewable energy investments. Our analysis suggests that
FEMP activities could result in lifecycle energy savings of approximately 20 trillion Btus each year
from 2008 to 2011. FEMP is helping agencies reach the goal of Executive Order 13123 for all
Federal agencies to reduce energy intensity in Federal buildings by 35 percent by 2010 from 1985
levels, and to reach the goal of the Energy Policy Act of 2005 to reduce energy consumption per
square foot by 20 percent by 2015, at a rate of 2 percent per year.

= Weatherization and Intergovernmental Activities contributes to this goal by accelerating adoption of
cost-effective efficient technologies through weatherization and state energy grants, and
intergovernmental activities which will help reduce energy intensity in all sectors of the economy. If
the targets are met and sustained, the activities could contribute to improved quality of life for
millions of people. Additionally, our analysis suggests that Intergovernmental Activities will
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contribute to the building of approximately 80 MW of new renewable energy generating capacity on
American Indian lands by 2012.

= Program Direction contributes to EERE through direct staffing and support of the programs
addressing the energy security goals and continued work to implement the President’s Management
Agenda.

= Program Support provides two types of corporately focused contributions. The Planning, Analysis,
and Evaluation subprogram establishes and maintains the methods, information base, and standards
for planning and policy analysis, budget formulation, and performance management and evaluation.
The Technology Advancement and Outreach subprogram manages and creates regular, consistent
outreach mechanisms and products that keep EERE stakeholders advised of corporate management
issues affecting EERE operations.

These technology and market improvements also help prepare the Nation for future economic,
environmental, and energy security needs by providing options for additional fuel savings, air emission
reductions and electricity reliability and energy diversity improvements beyond those expected under
business-as-usual scenarios.

Funding by Strategic and GPRA Unit Program Goal

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Strategic Goal 1.1, Energy Diversity

GPRA Unit Program Goal 1.1.01.00, Hydrogen Technology 120,484 195,801 213,000
GPRA Unit Program Goal 1.1.06.00, Biomass and Biorefinery Systems
R&D* 42,949 149,687 179,263
GPRA Unit Program Goal 1.1.03.00, Solar Energy 67,535 148,372 148,304
GPRA Unit Program Goal 1.1.04.00, Wind Energy 25,463 43,819 40,069
GPRA Unit Program Goal 1.1.05.00, Geothermal Technology * 19,050 0 0
GPRA Unit Program Goal 1.1.02.00, Vehicle Technologies 162,511 166,024 176,138
Total, Strategic Goal 1.1, Energy Diversity 437,992 703,703 756,774

Strategic Goal 1.4, Energy Productivity

GPRA Unit Program Goal 1.4.20.00, Building Technologies * 62,844 77,329 86,456
GPRA Unit Program Goal 1.3.19.00, Industrial Technologies 55,856 45,563 45,998
GPRA Unit Program Goal 1.4.07.00, Departmental Energy Management

Program/Federal Energy Management Program 18,974 16,906 16,791
GPRA Unit Program Goal 1.4.21.00, Weatherization 242,550 164,198 144,000
GPRA Unit Program Goal 1.4.22.00, State Energy Programs 36,135 49,457 45,501

* Also supports Strategic Goal 3.3, Research Integration.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

Total, Strategic Goal 1.4, Energy Productivity 416,359 353,453 338,746

Subtotal, Strategic Goals 1.1, 1.2, 1.4, and 3.3 (Energy Supply and Conservation) 854,351 1,057,156 1,095,520

All Other
Hydrogen Technology/Congressionally Directed Activities 32,967 0 0
Biomass and Biorefinery Systems R&D/Congressionally Directed
Activities 46,827 0 0
Solar Energy/Congressionally Directed Activities 14,256 0 0
Wind Energy/Congressionally Directed Activities 12,870 0 0
Geothermal Technology/Congressionally Directed Activities 3,712 0 0
Hydropower 495 0 0
Vehicle Technologies/Congressionally Directed Activities 15,840 0 0
Building Technologies/Congressionally Directed Activities 5,346 0 0
Weatherization and Intergovernmental Activities/Intergovernmental
Activities 33,726 11,376 15,403
Weatherization and Intergovernmental Activities/Congressionally Directed
Activities 4,455 0 0
Facilities and Infrastructure 26,052 5,935 6,982
Program Direction 101,868 91,024 105,013
Program Support 13,321 10,930 13,281
Total, All Other 311,735 119,265 140,679

Total, Strategic Goals 1.1, 1.2, 1.4, and 3.3 (Energy Supply and Conservation) 1,166,086 1,176,421 1,236,199

Program Assessment Rating Tool (PART)

The Department implemented a tool to evaluate selected programs. PART was developed by the Office
of Management and Budget (OMB) to provide a standardized way to assess the effectiveness of the
Federal Government’s portfolio of programs. The structured framework of the PART provides a means
through which programs can assess their activities differently than through traditional reviews.

The current focus is to establish outcome- and output-oriented goals, the successful completion of which
will lead to benefits to the public, such as increased energy security, and improved environmental
conditions. DOE has incorporated feedback from OMB into the FY 2008 Budget Request, and the
Department will take the necessary steps to continue to improve performance.

All EERE programs have been assessed using the PART as of 2005, and no programs were re-assessed
in 2006. However, program performance information and improvement plans were updated in the fall
0of 2006. The most recent information is available on www.ExpectMore.gov. Individual programs have
taken action to address PART findings and recommendations within their direct control and many
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recommendations have been completely addressed. Many of EERE’s FY 2008 performance targets are
consistent with and support PART measures; the Department is striving to further improve consistency.

EERE is corporately addressing a recommendation common to all DOE applied R&D PARTs, which is
to develop guidance that specifies a consistent framework for analyzing the costs and benefits of
research and development investments, and use this information to guide budget decisions. The
Department has specified common scenarios, common methodology, and standardized benefits
measures to allow analyzing the costs and benefits of R&D investments. The Department continues to
work on implementation of common assumptions and a consistent approach to incorporation of risk.
EERE continues to address the challenges presented by PART, its constituent evidentiary support — the
Research and Development Investment Criteria (RDIC) — and our internal Strategic Management
System process through the consolidation of corporate planning, analysis, and evaluation activities as
represented in this budget in the Program Support section.

EERE is working with other applied R&D programs to develop a consistent baseline for its
administrative (overhead) efficiency measure. EERE is also working with Departmental and OMB staff
to incorporate R&D Investment Criteria as appropriate, and expanding the lessons learned in EERE
benefits framework methodology to the applied Energy R&D programs. The individual program
responses are provided in their respective budgets.

Facilities Maintenance and Repair

The Department’s Facilities Maintenance and Repair activities are tied to its programmatic missions,
goals, and objectives. Facilities Maintenance and Repair activities funded by this budget are displayed
below.

Indirect-Funded Maintenance and Repair

(dollars in thousands)

FY 2006 FY 2007 FY 2008
National Renewable Energy Laboratory 2,121 2,543 2,512
Total, Indirect-Funded Maintenance and Repair 2,121 2,543 2,512

Direct-Funded Maintenance and Repair

(dollars in thousands)

FY 2006 FY 2007 FY 2008
National Renewable Energy Laboratory 1,457 3,362 4,935
Total, Direct-Funded Maintenance and Repair 1,457 3,362 4,935
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Significant Changes
Hydrogen Technology

Hydrogen Production and Delivery R&D will pursue the aggressive target of $2.00/gge by 2015 for
hydrogen production from natural gas. Longer-term subsystem technologies will focus on key critical
path problems, consistent with the National Academies’ recommendations in their Hydrogen Economy
report. (More than +$3 million)

Hydrogen Storage R&D will fund new awards and competitive, merit-reviewed, cost-shared R&D on
materials-based hydrogen storage technologies and science based co-projects. (More than +$9 million)

Fuel Cell Stack Component R&D will examine innovative concepts to simplify, integrate or eliminate
components or functions in fuel cell systems. (Nearly +$6 million)

Technology Validation will test and collect data from demonstration vehicles. (Nearly -$10 million)

Biomass and Biorefinery Systems R&D

Thermochemical and Biochemical Platform R&D has been accelerated to meet the 2012 goals of the
Biofuels Initiative. (More than +$8 million)

Integration of Biorefinery Technologies will construct a commercial-scale biorefinery demonstration
project and initiate activities towards biorefinery validation at the 10 percent commercial scale. (More
than +$39 million)

Several bio-based products projects in Products Development have been completed in FY 2007. (More
than -$24 million)

Wind Energy

The Wind Energy Program has increased focus on near-term actions to significantly accelerate use of
wind energy technologies.

Distributed Wind Technology and Technology Acceptance are increased to support a new round of
DWT partnerships in this immature technology for concept, component, and system prototype projects
for moderately sized wind turbines, initiate state-based incentive programs, initiate a new partnership
aimed at the community wind and farm market and to address siting, permitting, and environmental
barriers to increased domestic energy production called out in EPACT 2005. (More than +$6 million)

Vehicle Technologies

Energy Storage R&D will accelerate the development of high energy batteries needed for plug-in hybrid
electric vehicles and other advanced battery concepts. (More than +$10 million)

Heavy Truck Engine will reduce support for improving the efficiency of diesel engines for trucks and
commercial vehicles and consolidate research into fewer competitive contracts. (More than -$11
million)

Materials Technology will expand support for plug-in hybrid materials, materials modeling, and
addressing advanced combustion engine materials needs. (More than +$3 million)
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Vehicle Technologies Deployment will provide support to further expand the use of alternative fuels.
(More than +$5 million)

Building Technologies

Technology Validation and Market Introduction and Equipment Standards and Analysis will be
increased to expand ENERGYSTAR" and to comply with the energy code and rulemaking
recommendations of EPACT 2005. (More than +$6 million)

Industrial Technologies

Forest and Paper Products, Steel, Aluminum, Metal Casting, Chemicals, Materials, Combustion, Sensors
and Automation subprograms will complete technology R&D and shift toward more crosscutting and
higher impact R&D activities to dramatically improve the energy efficiency and environmental
performance of the energy-intensive industries. (More than -$15 million)

Energy-Intensive Process R&D will begin to transition from industry-specific research and development
(R&D) to more crosscutting research as funding and investigation for existing multi-year projects are
completed. (More than +$6 million)

Interagency Manufacturing R&D will coordinate with other Federal agencies to fund next generation
technologies such as industrial nano-manufacturing and integrated and intelligent manufacturing. (More
than +$5 million)

Weatherization and Intergovernmental Assistance

Weatherization Assistance Program’s core delivery system will be maintained while redirecting the
resources to enable greater investments in advanced R&D. (More than -$20 million)

Program Direction

The FY 2008 request for program direction reflects cost of living increases, provides for hires of new
employees with critical skills, and supports additional mission-related work to improve project
oversight. (+$14 million)

Key Accomplishments

In addition to the scheduled individual targets completed by the programs in FY 2006, several
noteworthy system delivery accomplishments took place this year that put the individual R&D elements
to work moving the Nation toward its energy security goals. Some noteworthy examples include:

The FreedomCAR and Vehicle Technologies Office partnership with Cummins will result in their
development and manufacture of a family of high-performance, light-duty diesel engines for a variety of
automotive applications in vehicles below 8,500 pounds gross vehicle weight, including standard pickup
trucks and sport utility vehicles. Cummins indicated that the first vehicles with this diesel engine are
expected to be ready for market by 2010, with an anticipated 30 percent fuel savings, on average
(depending on the drive cycle), over comparable gasoline engine-powered vehicles.

The Solar Program’s R&D partner, the National Renewable Energy Laboratory (NREL) achieved a
world record 19.5 percent efficient thin-film photovoltaic cell in June. Thin-film technology, such as
NREL's copper indium gallium diselenide cell, offers significant cost savings potential over
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conventional solar technologies because it requires less raw material and enables higher manufacturing
throughputs. Rapid progress being made in thin-film technologies is the basis for several new U.S.
manufacturing facilities coming on-line this year.

The Wind Program partnership with Clipper Windpower, Inc. resulted in their agreements with wind
energy developers to supply up to 900 wind turbines over the next five years. This collaboration is on
the first U.S. wind turbine designed specifically for operation in lower wind speed (Class 4) wind
resource areas. The prototype incorporates many innovations such as a distributed drivetrain, advanced
blades with truncated root section airfoils, and advanced controls. The Liberty Wind Turbine will be
manufactured in Cedar Rapids, IA, in a manufacturing plant that was opened in the fall of 2005. Cost
effective wind turbine operation in the low wind regimes significantly increases the resource areas
available for wind energy development in areas much closer to major population centers.

The Buildings Program met the considerable requirements of EPACT 2005 for energy efficiency
standards and test procedures including publishing a final rule to codify fifteen energy efficiency
standards for residential appliances and commercial equipment; four framework documents affecting
nine products; and, the NOPRs for both a single-product test procedure (residential central air-
conditioners and heat pumps) and multiple test procedures to be adopted en masse.

Federal Energy Management Program sent trained Energy Savings Expert Teams to Federal sites
where large amounts of natural gas were consumed in response to the President’s call for action in
places where the effects of the Hurricane Katrina were most severe. The estimated potential savings
from the recommended efficiency improvement measures for 28 Federal sites are 9.4 percent of the total
natural gas consumption of all sites assessed and 1.8 percent of the total electricity consumption of all
sites assessed.

The Industrial Program played a pivotal role in launching the “Save Energy Now” campaign in
support of the Secretary’s initiative “Easy Ways to Save Energy”, providing U.S. industry with technical
assistance and information to save energy and increase productivity. ITP’s effort targeted 200 industrial
facilities in 39 States which represent 14 percent of industry's natural gas use. Preliminary results have
identified potential energy savings of over 25 trillion Btu of natural gas (equivalent to more than
355,000 U.S. homes energy use), nearly $240 million/year in potential energy cost savings if industry
takes action to implement the recommendations.

Expected Integrated Program Outcomes

The program pursues its mission through an integrated portfolio of research, development,
demonstration and deployment activities that improve the Nation’s energy security, energy efficiency
and productivity of our economy while minimizing environmental impacts. We expect the energy
efficiency and renewable energy components of these energy savings to result in lower energy bills and
reduced susceptibility to energy price fluctuations; reduced cost of controlling regulated pollutants;
enhanced energy security as petroleum and natural gas dependence is reduced and domestic fuel
supplies increase; and greater energy security and reliability from improvements in energy
infrastructure. Indicators of some of these program benefits are provided in the tables below. The
results shown in the long-term benefits tables are estimates based on modeling of some of the possible
program production technologies. The estimates generated by the model have been rounded to reduce
the implied precision. Cumulative benefits of programs and costs to achieve these benefits have not
been calculated.
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The assumptions and methods underlying the modeling efforts have significant impact on the estimated
benefits. Results could vary significantly if external factors, such as future energy prices, differ from the
baseline case assumed for this analysis (essentially the EIA business as usual outlook for components of
the economy affecting energy use). This modeling includes competing technologies. Possible changes
in public policy and disruptions in the energy system which may affect estimated benefits are not
modeled. The external factors such as unexpected changes in competing technology costs, identified in
the Means and Strategies sections in each of the individual contributing programs, could also affect
EERE’s ability to achieve its strategic goals as could persistent directed funding. Projections of future
benefits depend on assumptions relating to how the economy will evolve over time and how rapidly
energy efficient technologies will be developed and adopted among other variables. The estimated
benefits presented here are predicated on the assumptions included in EIA’s Annual Energy Outlook
2006 Reference Case projections.

Some key assumptions about macroeconomic activity, energy demand, and technology results include
the following “business-as-usual” assumptions used in the EIA Reference Case:

= Average economic growth of 3.0 percent annually between 2004 and 2030;

= Price per barrel of oil of about $36 (2004 dollars) in 2004, rising to $44 in 2010, then dropping to
$43 in 2015, before rising to $50 in 2030. In nominal dollars, the price of oil in 2030 would be
about $94; and

= Price per thousand cubic feet of natural gas is $5.49 (2004 dollars) in 2004, dropping to $4.52 by
2015, then rising slowly to $5.92 by 2030. In nominal dollars, the price of natural gas in 2030 would
be about $11.10.

EIA also provides projections under alternative economic assumptions ranging from 2.4 to 3.5 percent
annual growth between 2004 and 2030. Across this range, total energy consumption may grow by
anywhere from 22 to 47 percent between 2004 and 2030. EIA also offers a range of technology
assumptions. Across these cases total energy consumption may grow by anywhere from 45 percent
between 2004 and 2030 if technology does not improve at all to 26 percent if technology improves
rapidly. Changing assumptions on important variables such as these would likely affect the estimated
benefits in this budget.

Benefits estimates are based on modeling of some of the possible program production technologies.
While uncertainties are larger for longer term estimates, they provide a useful picture of the potential
change in national benefits over time if the technology, infrastructure and markets evolve as expected.
Estimated benefits which follow assume that individual technology plans and market assumptions occur.
A summary of the methods, assumptions, and models used in developing these benefit estimates are
provided at www.eere.energy.gov/office eere/ ba/pba/gpra.html. Final documentation is estimated to be
completed and posted by March 31, 2007.

EERE’s portfolio includes a mix of efforts intended to produce short-, mid-, and long-term benefits.
The size of these benefits depends not only on the success of the EERE program efforts funded in this
budget request, but on how future energy markets and policies evolve. EERE estimates a sub-set of
these benefits assuming a continuation of current policies and business-as-usual development of energy
markets. These estimates do not include the underlying, basecase improvements in energy efficiency
and renewable energy use that could be expected in the absence of continued funding of EERE’s
programs.
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The benefits of EERE’s portfolio are broken down into three categories that align with DOE’s strategic
goals:

= Environmental benefits
= Economic benefits, and
= Benefits associated with security and reliability.

Figure 1. Effect of EERE’s Portfolio on Projected Oil Imports
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A summary of the modeled benefits for EERE’s portfolio is shown below. The table shows, that if
successful and the assumptions play out as expected, EERE’s programs could provide:

» Annual savings to consumers of over $100 billion by 2030 and over $400 billion by 2050;

= Reductions of about 220 million metric tons of annual carbon emissions (MMTCE) in 2030 and over
500 million metric tons of annual carbon in 2050; and

= Reductions in oil imports of 2 million barrels per day in 2030 and 7 mbpd in 2050.

Figure 1 provides some context on how much impact the EERE portfolio has on reducing U.S. reliance
on foreign oil. The long term savings of 7 million barrels per day in 2050 would bring U.S. imports
below current levels of imports.

While point estimates are presented, both mid-term and long-term modeling are dependent upon the
methodology and assumptions used and could vary substantially around those points. Many of the key
variables affecting the benefits estimates are listed as the external factors that could affect expected
results in the means and strategy sections of the individual programs, and include variables such as
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market and policy interactions and the future price of oil, natural gas and electricity generation. Long-
term estimates should be considered preliminary as EERE refines its analytical approaches for the 2030-
2050 timeframe.

FY 2008 GPRA Benefits for EERE’s Integrated Program Portfolio*™
| 2000 | 2020 [ 2030 | 2040 [ 2050 |

Environmental Benefits (Goal 1.2)

Avoided carbon emissions, annual (MMTC) 6 101 219 508 505
Avoided carbon emissions, cumulative (MMTC) 12 470 2,136 7,047 12,276
Reduced cost of criteria pollutant control, NPV (bil. -0.1 3 13 NC NC
Economic Benefits (Goal 1.4)
Consumer savings, annual (bil. 2004$) 4 43 110 319 401
Consumer savings, NPV (bil. 2004$) 6 148 632 1,878 3,113
Electric power industry savings, annual (bil. 2004$) 1 13 26 64 70
Electric power industry savings, NPV (bil. 20045) 2 54 174 422 655
Household energy expenses reduced, annual (bil. 2004$) 0.3% 2% 5% 9% 10%
Energy intensity reduced (% change in E/GDP) 0.3% 4% 8% 13% 17%
Net energy system cost savings, annual (bil. 2004$) NC NC NC 146 203
Natural gas price change, moving avg. (2004$ / TCF)* ns 0.2 02 NC NC
Security and Reliability Benefits (Goal 1.1 or 1.3)
Avoided oil imports, annual (mbpd) ns 0.6 2 7 7
Avoided oil imports, cumulative (bil. bbl) ns 1.0 6 29 54
Security MPG improvement (%)" ns 6% 21% 139% 181%
Transportation fuel diversity improvement (%)* ns 4% 24% 86% 42%
Oil intensity reduced (% change in bil. bbl/GDP) ns 3% 9% 32% 33%

? Estimates reflect the benefits that may be possible, if all of the program’s technical targets are met and are funded at levels
consistent with assumptions in the FY 2008 Budget through the program completion year, which varies by program. Benefits
through 2030 are calculated with the NEMS-GPRAO08 model. Benefits from 2035 through 2050 are calculated with the
MARKAL-GPRAO08 model. “NC” indicates situations in which no calculation was done because of specific model
limitations. “ns” indicates results that were “not significant”—within the noise of the models.

® Projected benefits do not include any potential policy changes that might enhance technology deployment. In addition,
most technologies show diminishing benefits by 2050, because of the assumption built in to the analysis that baseline
industry progress will eventually catch up with the more accelerated progress associated with EERE program success.
 Energy and greenhouse gas emission savings associated with this new initiative have been updated for the individual WIP
program case, but are not updated in the integrated program benefits presented here. The final published GPRA report will
include updated EERE portfolio results.

4 Net present value calculations throughout this table are performed for cumulative economic metrics, and are done using a
3% real discount rate, cumulative to 2008.

¢ The prices reflected here are average delivered prices to all sectors, and are based on a three year moving average. Thus the
measure of benefit is the change in the three year moving average delivered price, in $ per thousand cubic foot.

" Security MPG is the ratio of vehicle miles traveled by light duty vehicles to their usage of oil. It captures oil avoidance by
efficiency and fuel alternatives.

¢ Fuel diversity is measured by the Shannon-Weiner Index (SWI) of diversity. The SWI is a measure of “proportional
diversity,” and hence captures both abundance and richness, i.e., how many different fuels and how much of each fuel both
factor into the calculation.
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These benefits result from the mix of interrelated investments supported by EERE’s budget request.
More efficient buildings and factories, for instance, provide the basis for distributed energy resources,
such as building integrated solar photovoltaic systems and combined heat and power cogeneration. In
addition to these “business-as-usual” benefits, EERE’s portfolio would provide the technical potential to
reduce conventional energy use even further if warranted by future energy needs. The development of
wide-spread sources of wind, solar, and biomass energy sources; new ways of using energy through
hydrogen and distributed power; and technologies that would fundamentally improve the basic
efficiency of our homes, businesses, factories, and vehicles could facilitate substantial reductions in our
oil use and convert a larger portion of our electricity system to decentralized capacity and renewable
energy sources to improve security and reliability.

The following table highlights some of the benefits associated with each of EERE’s programs. The
results are not additive; integrated results are shown in the table above. The estimates are not directly
comparable because of some differences in methodology and assumptions. Nevertheless, the table
provides relative “order-of-magnitude” estimates while the Department continues to refine and
standardize its methodology.

Estimates of Potential Benefits by Program®

Annual Carbon
Consumer Expenditure Emission Reductions Avoided Oil Imports
Savings (Billion 2004$) (MMTCE) (mbpd)
2030 2050 2030 2050 2030 2050

Hydrogen Technology Program 5 80 14 31 0.3 2.1
Biomass and Biorefinery Systems R&D
Program 3 ns 9 3 0.3 ns
Solar Energy Program ns 50 23 50 ns 0.1
Wind Energy Program 8 -4 36 139 ns ns
Vehicle Technologies Program 46 202 69 210 2 6
Building Technologies Program 27 71 57 77 0.1 0.1

? Projected benefits do not include any potential policy changes that might enhance technology deployment. In addition,
most technologies show diminishing benefits by 2050, because of the assumption built in to the analysis that baseline
industry progress will eventually catch up with the more accelerated progress associated with EERE program success.
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Annual Carbon
Consumer Expenditure Emission Reductions Avoided Oil Imports
Savings (Billion 2004$) (MMTCE) (mbpd)
2030 2050 2030 2050 2030 2050

Industrial Technologies Program 11 -12 40 18 ns ns
Federal Energy Management Program | 1 1 1 ns ns
Weatherization and Intergovernmental
Activities™® na na 15 15 0.1 0.1

Note: EERE’s portfolio approach to RD&D affects benefits and the way they are calculated. The total benefits reported for
EERE’s entire portfolio are usually less that the sum of the individual programs due to competition between these
technologies and the resulting tradeoffs. For instance, efficiency improvements reduce the future need for new electricity
generating capacity, including the potential size of the renewable electric market. In addition, a research failure in one area
will not necessarily reduce the technology’s overall benefits, as the lack of market penetration by the failed technology may
create a market opportunity elsewhere in the EERE portfolio. An integrated benefit total may be higher than the individual
sums because of the additive impact of multiple EERE programs. Estimates reflect the benefits that may be possible, if all of
the program’s technical targets are met and are funded at levels consistent with assumptions in the FY 2007 Budget through
the program completion year, which varies by program. Benefits through 2030 are calculated with the NEMS-GPRAO0S
model. Benefits from 2035 through 2050 are calculated with the MARKAL-GPRAO08 model. “NC” indicates situations in
which no calculation was done because of specific model limitations. “ns” indicates results that were “not significant”—
within the noise of the models.

* An estimate of renewable electricity generation associated with the Renewable Energy Production Incentive is included in
the section for Intergovernmental Activities. Because this is not one of the common benefits estimated for all programs, it is
not included in this table.

® Benefit estimates for the WIP program have been updated to reflect a new market transformation initiative. These changes
are reflected in the oil and greenhouse gas savings. Consumer savings have been reported as “na” (not available) due to
insufficient time to complete all of the benefits calculations. The final GPRA benefits report for FY 2008 will include a full
set of benefits estimates.
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Energy Supply and Conservation
Office of Energy Efficiency and Renewable Energy

Funding by Site by Program

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Ames Laboratory

Vehicle Technologies 665 300 300

Industrial Technologies 276 500 540
Total, Ames Laboratory 941 800 840
Argonne National Laboratory (East)

Hydrogen Technology 7,538 8,838 10,760

Biomass and Biorefinery Systems R&D 450 500 500

Vehicle Technologies 25,381 15,992 21,992

Industrial Technologies 2,085 1,315 813

International Renewable Energy Program 100 300 0

Program Support 1,089 900 900
Total, Argonne National Laboratory 36,643 27,845 34,965
Brookhaven National Laboratory

Hydrogen Technology 970 2,165 1,607

Solar Energy 400 470 470

Vehicle Technologies 625 600 600

Building Technologies 454 803 0

Program Support 406 410 410
Total, Brookhaven National Laboratory 2,855 4,448 3,087
Central Regional Office

Solar Energy 25 0 0

Wind Energy 100 0 0

Program Direction 3,255 0 0
Total, Central Regional Office 3,380 0 0
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(dollars in thousands)

FY 2006 FY 2007 FY 2008
Golden Field Office (Project Management Center)
Solar Energy 150 550 500
Program Direction 16,485 22,124 24,531
Total, Golden Field Office 16,635 22,674 25,031
Idaho National Laboratory
Biomass and Biorefinery Systems R&D 1,350 4,500 5,000
Wind Energy 90 250 150
Geothermal Technology 2,000 0 0
Hydropower 100 0 0
Vehicle Technologies 3,341 2,935 2,935
Industrial Technologies 573 425 400
Federal Energy Management Program 0 0 170
Total, Idaho National Laboratory 7,454 8,110 8,655
Lawrence Berkeley National Laboratory
Hydrogen Technology 605 1,200 1,147
Wind Energy 200 250 250
Geothermal Technology 1,000 0 0
Vehicle Technologies 6,975 5,500 7,500
Building Technologies 8,781 7,131 8,185
Industrial Technologies 1,584 500 750
Federal Energy Management Program 2,007 1,887 1,866
International Renewable Energy Program 20 200 0
Program Support 515 520 520
Total, Lawrence Berkeley National Laboratory 21,687 17,188 20,218
Lawrence Livermore National Laboratory
Hydrogen Technology 984 1,200 857
Geothermal Technology 500 0 0
Vehicle Technologies 3,330 2,962 2,962
Total, Lawrence Livermore National Laboratory 4,814 4,162 3,819
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(dollars in thousands)

FY 2006 FY 2007 FY 2008
Los Alamos National Laboratory
Hydrogen Technology 7,590 9,347 11,526
Biomass and Biorefinery Systems R&D 50 1,200 50
Vehicle Technologies 250 332 332
Buildings Technologies 250 0 0
Industrial Technologies 307 80 60
Total, Los Alamos National Laboratory 8,447 10,959 11,968
Mid-Atlantic Regional Office
Solar Energy 25 0 0
Wind Energy 50 0 0
Program Direction 3,039 0 0
Total, Mid-Atlantic Regional Office 3,114 0 0
Midwest Regional Office
Solar Energy 25 0 0
Wind Energy 50 0 0
Program Direction 2,814 0 0
Total, Midwest Regional Office 2,889 0 0
National Energy Technology Laboratory (Project
Management Center)
Hydrogen Technology 0 150 57
Solar Energy 600 0 0
Geothermal Technology 2,696 0 0
Weatherization and Intergovernmental Activities 1,800 0 0
Federal Energy Management Program 2,211 2,211 2,361
Program Direction 6,835 10,470 13,052
Program Support 99 100 100
Total, National Energy Technology Laboratory 14,241 12,931 15,570

Energy Supply and Conservation/
Energy Efficiency and Renewable Energy/
Funding by Site Page 35 FY 2008 Congressional Budget



(dollars in thousands)

FY 2006 FY 2007 FY 2008
National Nuclear Security Administration (NNSA) Service
Center
Vehicle Technologies 650 500 500
National Renewable Energy Laboratory
Hydrogen Technology 11,537 14,748 18,448
Biomass and Biorefinery Systems R&D 14,662 27,500 27,500
Solar Energy 52,175 68,142 61,142
Wind Energy 19,051 34,500 25,500
Geothermal Technology 2,110 0 0
Hydropower 50 0 0
Vehicle Technologies 17,526 11,134 15,634
Building Technologies 4,338 3,076 3,531
Industrial Technologies 786 625 600
Federal Energy Management Program 2,817 2,648 3,187
Facilities and Infrastructure 26,052 5,935 6,982
Gateway Deployment 2,500 0 0
International Renewable Energy Program 170 350 0
Tribal Energy Activities 800 500 500
Program Support 5,544 2,010 2,010
Total, National Renewable Energy Laboratory 160,118 171,168 165,034
Northeast Regional Office
Solar Energy 25 0 0
Wind Energy 50 0 0
Program Direction 2,970 0 0
Total, Northeast Regional Office 3,045 0 0
Oak Ridge National Laboratory
Hydrogen Technology 3,247 6,416 6,416
Biomass and Biorefinery Systems R&D 746 3,500 3,000
Solar Energy 220 0 0
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(dollars in thousands)

FY 2006 FY 2007 FY 2008
Wind Energy 120 150 150
Hydropower 150 0 0
Vehicle Technologies 46,960 36,781 37,153
Building Technologies 4,409 5,387 6,183
Industrial Technologies 5,231 4,907 4,290
Federal Energy Management Program 2,456 2,309 2,294
Gateway Deployment 3,000 0 0
International Renewable Energy Program 40 0 0
Program Support 2,000 2,004 2,004
Total, Oak Ridge National Laboratory 68,579 61,454 61,490
Office of Scientific and Technical Information
Wind Energy 15 10 10
Geothermal Technology 10 0 0
Total, Office of Scientific and Technical Information 25 10 10
Pacific Northwest National Laboratory
Hydrogen Technology 2,220 6,870 4,086
Biomass and Biorefinery Systems R&D 4,264 6,200 6,500
Hydropower 150 0 0
Vehicle Technologies 7,849 6,355 6,355
Building Technologies 5,377 7,015 8,052
Industrial Technologies 1,462 235 40
Federal Energy Management Program 1,756 1,651 1,332
Gateway Deployment 3,500 0 0
Program Support 1,189 1,101 1,101
Total, Pacific Northwest National Laboratory 27,767 29,427 27,466
Sandia National Laboratories
Hydrogen Technology 5,473 6,625 5,545
Solar Energy 10,430 18,440 11,440
Wind Energy 3,695 6,300 5,750
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(dollars in thousands)

FY 2006 FY 2007 FY 2008
Geothermal Technology 3,500 0 0
Vehicle Technologies 8,255 8,443 8,443
Industrial Technologies 1,038 331 0
Federal Energy Management Program 224 211 214
Tribal Energy Activities 300 250 250
Program Support 396 400 400
Total, Sandia National Laboratories 33,311 41,000 32,042
Savannah River National Laboratory
Hydrogen Technology 650 1,389 873
Southeast Regional Office
Solar Energy 25 0 0
Wind Energy 50 0 0
Program Direction 3,300 0 0
Total, Southeast Regional Office 3,375 0 0
Washington Headquarters
Hydrogen Technology 112,637 136,853 151,678
Biomass and Biorefinery Systems R&D 68,254 106,287 136,713
Solar Energy 17,666 60,770 74,752
Wind Energy 14,697 2,209 8,059
Geothermal Technology 10,946 0 0
Hydropower 45 0 0
Vehicle Technologies 56,544 74,190 71,432
Building Technologies 44,581 53,917 60,505
Industrial Technologies 42,514 36,645 38,505
Federal Energy Management Program 7,503 5,989 5,367
Weatherization and Intergovernmental Activities 278,685 213,655 189,501
Gateway Deployment 14,600 0 0
International Renewable Energy Program 3,541 1,623 0
Tribal Energy Activities 2,860 3,207 2,207
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(dollars in thousands)

FY 2006 FY 2007 FY 2008
Renewable Energy Production Incentive 4,950 4,946 4,946
Asia Pacific 0 0 7,500
Program Direction 60,138 58,430 67,430
Program Support 2,083 3,485 5,836
Total, Washington Headquarters 742,244 762,206 824,431
Western Area Power Administration
Wind Energy 90 150 200
Western Regional Office
Solar Energy 25 0 0
Wind Energy 75 0 0
Program Direction 3,032 0 0
Total, Western Regional Office 3,132 0 0
Total, Energy Supply and Conservation 1,166,086 1,176,421 1,236,199
Use of Prior Year Balances -3,339 0 0

Major Changes or Shifts by Site

National Renewable Energy Laboratory,

Wind Energy

* Funding decreases for NREL are due to a reduction in the level of cost-shared NREL sub-contracts
to industry, in accordance with the shift in program priorities. Overall NREL staffing will not be

affected by this funding shift.
Hydrogen Technology

» Funding for NREL increases by about ($3.7M) for increased efforts on hydrogen production,
storage, safety, and manufacturing technologies. It is yet unclear if additional staffing will be

needed to carry out these activities.

Solar Energy

* Funding decreases are due to a reduction in NREL sub-contracts to industry. (More funding will be
dedicated to direct contracting by the EERE Project Management Center, reducing overhead and
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transferring contracting oversight responsibility to Federal employees.) Overall NREL staffing will
not be affected by this funding shift.

Sandia National Laboratories

Solar Energy

= This reduction (-$7M) reflects completion of the Solar Hydrogen Earmark.

Washington Headquarters

Headquarters funding has increased to implement an expanded number of solicitations which are part of
the AEL

* The Geothermal Program is closing out program activities in FY 2007. Laboratory efforts in FY
2007 will focus on completing the documentation of technology partnerships, transferring research
findings to industry, and archiving legacy documents.

Site Description

Ames Laboratory
Introduction

Ames Laboratory is a multi-discipline laboratory located in Ames, lowa. Ames provides research for
Vehicle Technologies in new materials. Ames conducts basic research on new materials with unique
properties. It is a multi-discipline laboratory providing support to Vehicle Technologies and Industrial
Technologies.

Vehicle Technologies

Ames Laboratory work for VT includes the development of low-cost powder metallurgy manufacturing
methods for particle reinforced aluminum (PRA) composite components. Materials efforts are working
to improve powder for permanent magnets.

Industrial Technologies

Ames Laboratory work for ITP includes the development of a new class of materials with extreme
resistance to abrasive and erosive wear for use in industrial tools and components.

Argonne National Laboratory East

Introduction

Argonne National Laboratory (ANL) is located in Argonne, Illinois. It is a multi-discipline laboratory
providing support to Hydrogen Technology, Biomass and Biorefinery Systems R&D, Vehicle
Technologies, Industrial Technologies, Weatherization and Intergovernmental Activities, and Program
Support.
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Hydrogen Technology

ANL is conducting research and development of advanced hydrogen storage concepts including
modeling of storage systems and life cycle analyses. ANL is the lead laboratory in all facets of the
research and development of fuel processor catalysts and fuel cell system analysis. ANL provides
technical assistance in the management of DOE cooperative agreements with industry. ANL develops
catalysts, materials, and processes for the autothermal reforming of gasoline and other fuels including
diesel with CO clean-up, investigates the effect of fuel additives on fuel processor performance, and
characterizes the stability and degradation of fuels processing catalysts. ANL is using sulfonated
polyarl ether dendrimers (highly branched macromolecules) and inorganic/organic composites to
develop membrane electrolytes with high proton conductivity at low relative humidity and temperatures
ranging from room temperature to above 100°C. To minimize the cost of fuel cell cathode catalysts,
ANL is exploring transition metal carbides/nitrides based materials, especially the mixed transition
metal carbides/nitrides (e.g. M{M,N, M;NCy M = transition metal).

Biomass and Biorefinery Systems R&D

ANL conducts research on biomass conversion processes and environmental benefits analysis for
several EERE programs, including energy balance and emissions for biofuels in conventional and
advanced vehicles with and without fuel cells.

ANL will conduct R&D related to converting biomass to bio-based products with the goal of making the
technologies more competitive with petroleum-based alternatives.

Vehicle Technologies

ANL provides simulation, analysis, and develops transient models for hybrid and fuel cell systems.
Develops sophisticated software for hardware-in-the loop (HIL) testing. Provides technical support and
analysis for heavy hybrids. Conducts research to reduce parasitic loads on heavy vehicles including
reductions in idling losses, rolling resistance, aerodynamic drag, and under hood thermal management.
Also, works to improve oil filtration, coolants, and regenerative shocks for trucks. Performs high-
performance computing with particular focus on computational fluid dynamics (combustion, underhood
cooling, HVAC, etc.). Utilizes the Advanced Photon Source facility to characterize fundamental
mechanisms of friction, lubrication, and fuel spray from fuel injectors. Develops nano-fluid technology
and new designs for higher efficiency heavy vehicle cooling systems. Monitors R&D in industry for
underhood electrification for heavy vehicle components and new brake material developments.
Provides technical and analytical expertise to the Graduate Automotive Technology Education (GATE)
activities. Provides technical support for advanced vehicles student competition. Conducts HEV
component and subsystem performance and emissions tests in a state-of-the-art test facility. Validates
components and subsystems performance targets for hybrid and fuel cell technology using HIL testing
to simulate vehicle operating environment. Develops test procedures for advanced vehicle testing and
control strategies to improve overall vehicle efficiency and reduce emissions. Conducts research in
energy storage for EVs and HEVs and high performance capacitors. Provides battery technical support,
and testing of advanced batteries.

Conducts research and development of in-cylinder emission control techniques for CIDI engines and the
evaluation of innovative technologies to reduce emissions and improve fuel efficiencies in heavy-duty
diesel engines. Develops wide range of materials (both metals and ceramics), with particular expertise
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in nondestructive evaluation, rapid prototyping, sensors, and catalysts. Develops economic processes
for automotive recycling. Develops permanent magnet materials for high performance motors.
Characterizes the effect of micro-dimpling on reduction of surface friction and wear. Develops lower
temperature, high strength bonding methods for ceramics and dissimilar materials. Conducts technology
analysis (energy, environmental, and economic) as well as vehicle system and subsystem modeling.

Industrial Technologies

ANL performs research and development for the chemical industry R&D area. Argonne provides unique
expertise in advanced separations process technologies and new innovative membrane systems. The
laboratory also does research on refractory materials for the steel industry. The laboratory also has
unique expertise in anode and cathode development for the aluminum industry using technology to
analyze the surface effects conditions on the advanced candidate materials.

Weatherization and Intergovernmental Activities

Funding to ANL has supported international activities, primarily in the Asia-Pacific Economic
Cooperation (APEC) area by providing technical assistance and support to the program’s APEC related
projects. No work is expected in FY 2008 at this time.

Program Support

Provide analytical support for major crosscutting issues, such as market and benefit analyses.

Brookhaven National Laboratory
Introduction

Brookhaven National Laboratory (BNL) is located in Upton, New York. It is a multi-disciplinary
research laboratory and is dedicated to basic, non-defense scientific research. BNL provides support to
Hydrogen Technology, Solar Energy, Vehicle Technologies, Building Technologies, and Program
Support.

Hydrogen Technology

Brookhaven is providing support to Hydrogen Technology; specifically, development of advanced metal
hydride hydrogen storage concepts.

BNL conducts research and development of electrocatalysts alloys fuel cell focusing on synthesis and
characterization of the materials.

Solar Energy

BNL performs research and development for the Photovoltaic Energy Systems efforts. BNL has the
responsibility for environmental, health, and safety (ES&H) impacts associated with photovoltaic
energy production, delivery, and use. BNL conducts ES&H audits, safety reviews, and incident
investigations and assists industry to identify and examine potential ES&H barriers and hazard control
strategies for new photovoltaic materials, processes, and application options before their large-scale
commercialization.
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Vehicle Technologies

Performs analysis, studies and conducts research in advanced materials to improve the performance and
abuse tolerance of lithium battery systems and provides research support for analysis of internal
combustion (IC) engine emissions for the FreedomCAR partnership.

Building Technologies

BNL has conducted research and development activities for the space heating and cooling technologies
for Building Technologies. No work is expected in FY 2008 at this time.

Program Support

Provides analytical support for crosscutting issues such as market and benefit analyses.

Central Regional Office
Introduction

The Central Regional Office, located in Golden, Colorado, provided (1) global analytical support to
EERE programs; (2) support to the R&D programs by administering grants and cooperative agreements
to regional, State, and local organizations, both public and private; and (3) provided direction, guidance,
and support deployment and outreach programs on a local and regional level. It provided support to
Solar Energy, Wind Energy, and Program Direction. In FY 2007, EERE consolidated all Regional
Office activities to the two Project Management Centers. The activities of the Central Regional Office
was transferred to the Golden PMC.

Golden Field Office
Introduction

The Golden Field Office (GO) is located in Golden, Colorado. It provides project management and
procurement support for Solar Energy, and Program Direction. In FY 2007, the Golden Field Office
began the first full year of carrying out some deployment activities previously handled by the ROs. The
Golden Field office provides support to Solar Energy and Program Direction.

Solar Program

Golden Field Office provides project management and procurement support for Solar Energy.

Program Direction

In FY 2008, functions formerly provided by the Regional Offices (consolidated in the third quarter of
FY 2006) will be performed at the Project Management Center (PMC).

Program Direction funds the salary, benefits, and travel costs for FTE in order to support: (1) promotion
of EERE renewable energy and hydrogen programs at the local and regional levels; (2) administration of
grants to, and cooperative agreements with, States and local governments, particularly the
Weatherization Assistance Program and State Energy Program grants; and (3) administration and
implementation of locally- and regionally-focused deployment activities, such as Solar Powers America
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(formerly Million Solar Roofs), Wind Powering America, Clean Cities, Rebuild America, and the
Federal Energy Management Program (FEMP), etc.

Idaho National Laboratory
Introduction

Idaho National Laboratory (INL) is located in Idaho Falls, Idaho. It is a multi-discipline laboratory
providing support to Biomass and Biorefinery Systems R&D, Wind Energy, Vehicle Technologies,
Industrial Technologies, Federal Energy Management Program. It also previously supported the
Hydropower Program and Geothermal Technology Program, which have been closed out.

Biomass and Biorefinery Systems R&D

INL provides biomass-related R&D services and support for the feedstock infrastructure development
effort. This work is performed in close collaboration with ORNL and NREL.

Wind Energy

INL provides technical support to the program to enhance government, military applications and Tribal
use of Wind Energy, and to address technical and market barriers to wind.

Geothermal Technology

INL served as the lead laboratory for research and development in geosciences and reservoir
management. INL conducted research in exploration technologies, Enhanced Geothermal Systems, and
advanced heat and power systems.

Hydropower

INL provided engineering and technical support to the Hydropower Program. INL served as the
engineering technical monitor for the Advanced Hydro Turbine Technology Subprogram and the Tribal
Energy hydropower projects located in Alaska, and conducts hydropower resource and economic
assessments. These efforts concluded in FY 2006 when the program was closed out. INL will,
however, continue to house the Hydropower Program’s documentation and make it available
electronically.

Vehicle Technologies

INL develops and assesses advanced oil by-pass filter concepts for heavy vehicles; develops and
assesses ultracapacitors for hybrid vehicles. The Laboratory also conducts tests of high-power batteries,
develops battery test procedures, tests and simulates hybrid vehicle performance, and develops energy
storage models for electric and hybrid vehicles (SIMPLEV). Additionally, INL develops and
demonstrates spray forming process for rapid production on net-shape molds, dies, and related tooling
for automotive components; models slurry performing for fiber reinforced composites, non-destructive
evaluation of cylinder liners, intelligent welding and spray forming of aluminum, and characterizes
metallic structures produced by equal channel angular extrusion process. INL conducts field testing and
evaluation of electric, hybrid and hydrogen light duty vehicles and infrastructure, and supports Federal
Fleet acquisition reporting as required.
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Industrial Technologies

INL provides critical support in project management and analysis for the Forest Products and Steel
activities. Work is ongoing for an advanced black liquor spray atomization process for the Forest
Products industry, and on the development of controlled thermal-mechanical processing of tubes and
pipes for enhanced manufacturing performance and in the development and application of laser-assisted
arc welding in the steel industry.

Federal Energy Management Program

INL will support FEMP with continued enhancement and maintenance of the Federal Automotive
Statistical Tool (FAST). In addition, it will provide management and organizational support to the
Department of Energy (DOE) sponsored Interagency Committee on Alternative Fuels and Low
Emission Vehicles (INTERFUEL).

Lawrence Berkeley National Laboratory
Introduction

Lawrence Berkeley National Laboratory (LBNL) is located in Berkeley, California. It is a multi-
discipline laboratory providing support to Hydrogen Technology, Wind Energy, Vehicle Technologies,
Building Technologies, Industrial Technologies, Federal Energy Management Program, Weatherization
and Intergovernmental Activities, and Program Support.

Hydrogen Technology

Lawrence Berkeley National Laboratory develops electrocatalysts for membrane electrode assemblies
(MEAs) with the goal of increasing understanding of fundamental electrochemical processes.

Wind Energy
LBNL performs analyses of opportunities for Wind Energy applications in the electricity market.
Geothermal Technology

LBNL performed research on Enhanced Geothermal Systems and exploration technology including
studies of reservoir dynamics and seismic, isotopic, and electromagnetic exploration techniques.

Vehicle Technologies

LBNL conducts exploratory research in advanced battery technology, including development of new
electrode and electrolyte materials and understanding of fundamental electrochemical phenomena.
Develops devices to measure particulate matter from engines. Develops nondestructive testing
techniques for evaluation of aluminum and composite structures in manufacturing environments.

Building Technologies

LBNL conducts research and development activities in lighting, windows, appliance standards, analysis
tools and design strategies and space heating and cooling.
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Industrial Technologies

LBNL supports technology delivery activities of the Best Practices Program including assistance in
facilitating Allied Partners with supplier industry organizations (e.g., Hydraulic Institute, Compressed
Air and Gas Institute). The laboratory supports the tracking of Best Practices implementation results
including the impact of training, software tools and other program delivery mechanisms on
manufacturing plants.

Federal Energy Management Program

LBNL facilitates projects, develops guidelines and provides expert advice on the monitoring and
verification protocols for energy projects savings, laboratory sustainable design principles, public
benefit funds, and lighting.

Weatherization and Intergovernmental Activities

LBNL performed research and technical assistance for the International Renewable Energy Program.
These activities are now part of the Asia Pacific Partnership. Activities include technical assistance for
U.S.-China energy cooperation, and support for Collaborative Labeling and Appliance Standards
Projects (CLASP).

LBNL also provides technology transfer technical outreach for Rebuild America and ENERGY STAR® In
FY 2007 both Rebuild America and ENERGY STAR" subprograms transferred to the Office of Building
Technologies.

Program Support

LBNL provides analytical support for major crosscutting issues, such as market and benefit analyses.

Lawrence Livermore National Laboratory
Introduction

Lawrence Livermore National Laboratory (LLNL) is located in Livermore, California. It is a multi-
discipline laboratory providing support to Hydrogen Technology and Vehicle Technologies. It
previously supported the Geothermal Technology Program.

Hydrogen Technology

LLNL serves as the lead laboratory in research and development of a high temperature solid oxide
electrolyzer and two different systems for pressurized gas storage of hydrogen. LLNL is capable of
producing composite storage tanks for environmental testing to verify the advantages of various
engineering concepts to increase the storage capacity while reducing the cost of manufacturing.

Geothermal Technology

LLNL conducted research and development in Enhanced Geothermal Systems and exploration
technology, including isotope and geochemical studies.
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Vehicle Technologies

LLNL provides application of advanced methods of conventional fluid dynamics to aerodynamic drag of
heavy vehicle for increased energy efficiency. Performs studies of combustion under diesel and
homogeneous charge compression ignition (HCCI) conditions using chemical kinetic modeling and
other methods to determine means for increasing fuel efficiency, reducing emissions, and increasing
peak output power of advanced internal combustion engines (ICEs). Research is directed at materials
development and advanced automotive manufacturing concepts, such as metal treatment using Plasma
Surface lon Implantation (PSII) and development of low-cost aluminum sheet. Develops high-voltage,
dielectric ultracapacitors based on nanostructure multilayer oxide materials. Develops aerogel-based
NOx catalysts for CIDI engines. Conducts nondestructive evaluation and develops in-line sensors for
the design and product optimization of cast light metals. Applies equal channel angular extrusion to the
fabrication of amorphous metallic materials for magnet applications. Chemical kinetic modeling of in-
cylinder combustion process of advanced HCCI engine technology as it applies to natural gas engines.

LLNL is constructing and testing hydrogen sensors, both for safety and for fuel stream monitoring in a
fuel cell vehicles.

Los Alamos National Laboratory
Introduction

Los Alamos National Laboratory (LANL) is located in Los Alamos, New Mexico. It is a multi-
discipline laboratory providing support to Hydrogen Technology, Biomass and Biorefinery Systems
R&D, Vehicle Technologies, Building Technologies, and Industrial Technologies.

Hydrogen Technology

LANL is conducting research and development of advanced hydrogen storage concepts supporting
chemical hydrogen storage.

LANL serves as the lead laboratory in research and development of fuel cell components, reduction of
precious metal loading while maintaining performance, and characterization of the poisoning of fuel cell
catalysts by impurities in air and fuel feeds. To facilitate heat rejection and simplify the fuel cell
system, LANL is designing, synthesizing, and characterizing membranes which operate at low relative
humidity and high temperatures, 120°C for transportation applications. Other fuel cell related work at
LANL includes: development of direct methanol fuel cells at LANL will accelerate high-volume
manufacturing processes for fuel cells; investigating the impact of sub-freezing temperatures on
performance and durability of specific fuel cell components; and characterizing the durability of fuel
cell stacks operating on hydrogen (targets are 5,000 hours for transportation applications and 40,000
hours for stationary applications), since the durability of fuel cell stacks has not been demonstrated.
Additionally, LANL is developing low-cost, high surface area support materials to “replace” precious-
metals supports and developing high performance MEAs from alternative ionomer (non-Nation)
membrane materials, and is exploring pyrolized macrocycle transition metal catalyst as replacements for
the expensive platinum catalysts in fuel cell electrodes.
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Biomass and Biorefinery Systems R&D

LANL is supporting the program’s technical analysis activity to enhance the probability of achieving
cost reduction goals for the biorefinery concept.

Vehicle Technologies

Performs research on combustion in internal combustion engines using simulation and modeling to
increase efficiency and reduce NOy in lean-burn engines and develops microwave regeneration
components and design tools for emission controls. Los Alamos is also performing R&D to discover
and develop next-generation emission-control catalysts for lean burn engines and to develop technology
for onboard generation of chemical reductants from diesel fuel.

Building Technologies

LANL conducted research and development for activities in Windows Technologies. No work is
envisioned in FY 2008 at this time.

Industrial Technologies

LANL supports program work for the Chemical industry R&D area. The laboratory provides unique
capabilities in theoretical scientific analysis modeling fluid flows and understanding chemical reactions
and catalysis phenomena. LANL provided the computer analysis of industrial fluid flows, and the
computer technology prepared for use by the civilian sector. LANL also supports the Industrial
Materials of the Future activities in the development of new materials for membrane separation systems.

National Energy Technology Laboratory
Introduction

The National Energy Technology Laboratory (NETL) is located in Morgantown, West Virginia. It
provides project management and procurement support to Hydrogen Technology, Solar Energy, Federal
Energy Management Program, the Weatherization and Intergovernmental Activities, Program Direction
and Program Support. In FY 2008, the National Energy Technology Laboratory will also carry out
some deployment activities previously handled by the ROs.

Hydrogen Technology

In accordance with a Memorandum of Agreement with the Office of Fossil Energy, NETL co-manages
hydrogen research and development efforts to improve the efficiency and lower the cost of fossil-based
hydrogen production processes. Collaboration also occurs with the Office of Fossil Energy and NETL
for producing hydrogen from coal. Specifically, NETL researchers will be developing separation and
purification methods critical to producing high quality hydrogen used in fuel cells.

Solar Energy

National Energy Technical Laboratory provides support for various solar deployment activities at the
regional, state, and local level. No work is envisioned in FY 2008 at this point.
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Geothermal Technology

The State Energy Program Special Project funding for Geothermal formerly went through the Regional
Office (RO), and the contracting for the RO was conducted by NETL.

Weatherization and Intergovernmental Activities

National Energy Technology Laboratory provides technology transfer technical outreach, grants
management system development, and tools development for many WIP activities. No work is
envisioned in FY 2008 at this point.

Federal Energy Management Program

Providing technical and financial analyses support for the Biomass Alternate Methane Fuels Technology
Specific Super Energy Savings Performance Contract activities.

Program Direction

In FY 2008, functions formerly provided by the Regional Offices (consolidated in the third quarter of
FY 2006) will be performed at the Project Management Center (PMC).

Program Support

Program Support funds are provided to NETL for the purpose of assisting in utilizing enhanced
planning, analytical, and evaluation methodologies and tools; supporting cost/benefits analyses, road
maps, data collection, and performance methodologies to support the Government Performance and
Results Act (GPRA) as well as OMB’s Performance Assessment Rating Tool (PART) and the Research
and Development Investment Criteria (RDIC).

National Nuclear Security Administration (NNSA) Service Center

Introduction

The NNSA Service Center is located in Albuquerque, New Mexico. It is a multi-discipline Service
Center providing support to Vehicle Technologies.

Vehicle Technologies

Solicits, awards, and administers research and development contracts, cooperative agreements, and
grants with industry, academia, and other government organizations. Provides research in full scale
aerodynamic stability tests for heavy vehicles.

National Renewable Energy Laboratory

Introduction

The National Renewable Energy Laboratory (NREL) is located in Golden, Colorado. It is a multi-
discipline laboratory providing support to Hydrogen Technology, Biomass and Biorefinery Systems
R&D, Solar Energy, Wind Energy, Vehicle Technologies, Building Technologies, Industrial
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Technologies, Federal Energy Management Program, Facilities and Infrastructure, Weatherization and
Intergovernmental Activities, Program Direction, and Program Support.

Hydrogen Technology

NREL serves as the lead laboratory in research and development of technologies using renewable
resources that will offer longer-term solutions to the production and storage of hydrogen. NREL is
conducting research and development on material systems for the storage of hydrogen using carbon
nanotubes and the photoelectrochemical production of hydrogen using semiconductors. NREL also
conducts research and development to engineer biological organisms and photoelectrochemical systems
to split water into hydrogen and oxygen and the conversion of biomass to hydrogen. Additionally,
NREL designs new processes and facilities to produce and use hydrogen through engineering
calculations and cost evaluations, and provides key technical expertise for codes and standards
development.

National Renewable Energy Laboratory leads the Systems Integration and Analysis function for the
program. Models of the technical, economic, and integration aspects of the hydrogen infrastructure and
fuel cell vehicle systems provide guidance for the development of hydrogen fuel cell components and
materials. In support of ORNL’s metallic bipolar plate project, NREL will survey current commercially
available alloys to determine the best combination of alloy composition and evaluate nitrided metal
samples. NREL will explore pure heteropoly acids (HPAs) and HPA/organic polymer mixtures for high
temperature membranes in fuel cells.

Biomass and Biorefinery Systems R&D

NREL is the lead laboratory for biomass R&D. NREL also develops analytical methodologies
(chemical and life-cycle) that are used to facilitate industry’s commercialization efforts, including
economic assessment of technologies. NREL operates two user facilities, the Thermochemical Users
Facility (TCUF) for syngas technologies, and the Alternative Fuels Users Facility (AFUF) for
bioconversion technologies. Private sector participants may use the facilities after appropriate
arrangements are made. NREL contributes to bio-based product tasks.

Solar Energy

NREL serves as the lead laboratory for the Solar Energy Technology Program. NREL conducts
fundamental and applied materials research on photovoltaic devices, photovoltaic module reliability and
systems development, data collection and evaluation on solar radiation, and implementation of cost-
shared government/industry partnerships. Basic research teams investigate a variety of photovoltaic
materials, such as amorphous silicon, polycrystalline thin films, high-efficiency materials and concepts,
and high-purity silicon and compound semiconductors. NREL conducts simulated and actual outdoor
tests on photovoltaic cells, modules, and arrays. The test results are used in developing standards and
performance criteria for industry and to improve reliability.

Wind Energy

NREL is the lead laboratory for national wind R&D, performing research in aerodynamics, structural
dynamics, and advanced components and control systems related to Wind Energy. The National Wind
Technology Center (NWTC), located at NREL, provides research and testing facilities for fatigue
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testing of turbine blades, dynamometer testing of wind turbine drive trains and generators, atmospheric
testing of turbines, and certification testing which are required for sales and operation in many overseas
markets. NWTC staff also conducts the Department’s cost-shared R&D industry partnerships for large
(> 100kW) wind turbine systems, and provides technical assistance for the Wind Powering America
activity.

Hydropower

NREL conducted hydropower/renewable energy integration studies and hydropower outreach activities.
In FY 2006, the Hydropower Program was closed out.

Vehicle Technologies

NREL provides analysis of performance targets for passenger and commercial vehicles, including
developing a Technical Targets Tool for government use. NREL also develops system models and
provides analysis and simulation of advanced hybrid and fuel cell configurations using the ADVISOR
software developed at the lab, as well as other tools; provides CAD/CAE for optimized vehicle system
solutions in support of FreedomCAR partnership goals; and general engineering assessments of HEV
and AFV technologies. The laboratory investigates and develops advanced battery thermal management
for hybrid and fuel cell vehicles. For heavy duty vehicles, NREL provides analysis, modeling, and
technical support for power electronics and electric machines; conducts engine/vehicle integration and
platform studies; leads an effort to identify the effects of sulfur levels in diesel fuels on emissions
control devices. Leads an effort to determine the lube oil effects on exhaust after treatment devices; and
conducts tests of bio-based diesel fuel blending agents to determine their ability to act as reductants in
the exhaust stream of diesel engines. NREL also supports EPACT 1992 regulatory programs including
Federal Fleet, State and Fuel Provider, Private and Local, and Fuel petitions; and supports the Clean
Cities deployment program with technical assistance to regional coalitions and fleet partners, and
program analysis and evaluation.

Building Technologies

NREL conducts research and development for the following activities in Building Technologies:
Building America, and High Performance Buildings and Windows.

Industrial Technologies

NREL supports the Best Practices Program in communication activities and products. NREL supports
overall Industry Program analysis of the logic of individual program activities including the relationship
between program goals, milestones and the budget formulation process for several areas including
Industrial Materials of the Future, Aluminum and Metal Casting.

Federal Energy Management Program

NREL facilitates projects, develops guidelines and provides expert advice on sustainable and renewable
facility designs, green power procurement, and alternative financing.
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Facilities and Infrastructure

The Facilities and Infrastructure Program provides funding for plant and capital equipment (PCE) which
provides routine upgrades of the laboratory’s office, research and user facilities. The program also
supports major construction projects, such as the Science Technology Facility that began construction in
FY 2004 and was completed in FY 2007.

Weatherization and Intergovernmental Activities

NREL provided technical assistance to the transfer of renewable energy and energy efficiency
technologies to Native American tribal lands. NREL analyzes the program’s communications strategy
and develops information outreach products for WIP and specific subprograms. NREL also provides
technical assistance in identifying and developing energy policies that will reduce greenhouse gas
emissions. In addition, NREL works cooperatively with the private sector.

Program Support

Provides analytical support for crosscutting issues, such as market and benefit analyses.

Oak Ridge National Laboratory
Introduction

Oak Ridge National Laboratory (ORNL) is located in Oak Ridge, Tennessee. It is a multi-discipline
laboratory providing support to Hydrogen Technology, Biomass and Biorefinery Systems R&D, Solar
Energy, Wind Energy, Vehicle Technologies, Building Technologies, Industrial Technologies, Federal
Energy Management Program, Weatherization and Intergovernmental Activities, Program Direction,
and Program Support.

Hydrogen Technology

ORNL performs research and development activities in photobiology and storage in support of the lead
labs, NREL and Sandia National Laboratories. ORNL has collaborated with NREL and UC Berkeley to
develop a microalgae system for the production of hydrogen. ORNL is using their expertise to integrate
engineered biological systems from NREL and UC Berkeley into a base organism that directly produces
hydrogen.

Oak Ridge National Laboratory is the primary National Laboratory for materials R&D aimed at
reducing cost and increasing the durability of fuel cell components. ORNL carries out R&D on metal
bipolar plates with nitride surface layers and temperature sensors. It characterizes the structure of
membranes and membrane electrode assemblies and it develops high-thermal-conductivity graphite
fibers for fuel cell thermal management. To reduce sulfur in fuel gas stream, ORNL develops a catalyst
to oxidize hydrogen sulfide to elemental sulfur.

Biomass and Biorefinery Systems R&D

ORNL conducts biomass technologies R&D, evaluates harvesting technology for biomass, and conducts
environmental research, residue and forests research, and resource and market analysis. These efforts
are closely coordinated with INL and NREL.
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ORNL provided assistance on biomass technology assessment and information transfer.
Wind Energy

ORNL provides analysis and support to wind integration studies and applications.
Vehicle Technologies

ORNL develops models to estimate cost of advanced hybrid and fuel cell vehicles to perform trade-off
studies, and also develops models to predict emissions from advanced after-treatment devices. ORNL
performs research and development on high thermal conductivity carbon foams for high performance
truck and automobile radiators, as well as R&D of advanced materials such as carbon fiber, aluminum,
titanium, and magnesium. Conducts analysis, technical support, testing and research on power
electronic devices and electric machines. Conducts research and provides technical/project management
support in propulsion and vehicle system materials. Develops material analytical techniques and
material related solutions for automotive and heavy vehicle systems. Conducts research in internal
combustion engine technologies, in-cylinder diagnostics (such as application of chaos theory and
emission studies), and exhaust after treatment (including catalytic converter research, development, and
testing). Develops an understanding of NOy absorber processes affecting regeneration, desulfation, and
degradation under real-world conditions. Provides detailed characterization and speciation of
combustion and emission products. Using primarily laboratory reactors and some engine experiments,
acquires kinetic data for the development of computer models of after treatment devices. Evaluates the
toxicity of unregulated emissions that are present in the exhaust streams of engines operating on
advanced fuels. Leads an effort to evaluate the fuel effects on selective catalytic reduction systems on
diesel engines. Evaluates the critical fuel properties that effect near term emissions control devices for
diesel engines. Determines the effects and the mechanism of lube oil suspended phosphorous on the
poisoning of exhaust catalysts in diesel engines. Conducts analysis, technical support, testing and
research on power electronic devices (converters and controllers) and electric motors. Gathers heavy
truck on-road performance data to improve models. Operates the High Temperature Materials
Laboratory, which provides user facilities for materials characterization. Maintains the legislatively-
mandated Fuel Economy Guide and its website: www.fueleconomy.gov.

Building Technologies

ORNL is part of a National Laboratory/industry/university consortium conducting research and
development for the following activities: Building America; space heating and cooling; envelope and
emerging technologies.

Industrial Technologies

In support of the Best Practices effort, ORNL provides support to Plant-Wide Assessments and other
technical assistance and also assists in the tracking of program impacts. The lab also helps in the
development and delivery of software tools and training. ORNL is the primary laboratory supporting
the Industrial Materials of the Future activities to develop advanced materials for industrial use that
meet technical requirements identified by industry in the visions and technology roadmaps.
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Federal Energy Management Program

ORNL facilitates projects, develops guidelines, and provides expert advice on combine heat and power
systems, biomass opportunities, whole building design, and alterative financing.

Program Support

ORNL provides analytical support for major crosscutting issues, such as market and benefit analyses.

Office of Scientific and Technical Information
Introduction

Office of Scientific and Technical Information (OSTI) is located in Oak Ridge, Tennessee. It provides
technical support for Wind Energy.

Wind Energy

OSTI distributes technical information for the program, including publishing and maintaining on-line
full text of electronic current awareness publications.

Pacific Northwest National Laboratory
Introduction

Pacific Northwest National Laboratory (PNNL) is located in Richland, Washington. It is a multi-
discipline laboratory providing support to Hydrogen Technology, Biomass and Biorefinery Systems
R&D, Vehicle Technologies, Building Technologies, Industrial Technologies, Federal Energy
Management Program, Weatherization and Intergovernmental Activities, and Program Support. PNNL
also previously supported the Hydropower Program, prior to its closure in FY 2006.

Hydrogen Technology

PNNL is the lead laboratory in the development of safety materials and systems for various end use
applications. PNNL performs research and development tasks such as hydrogen storage and other
technical support to address safety issues involved with various technologies, including underground
storage, pipeline transmission and hydrogen sensing.

Pacific Northwest National Laboratory develops compact, microchannel fuel reformers. PNNL is
developing a model and a controller for solid oxide fuel cells (SOFCs) to be used with APUs. Shock
and vibration characteristics applied to SOFC stacks and APU units during operation are being
developed in the model. PNNL is identifying candidate filler and cladding alloys for lightweight, low
cost, robust metal clad bipolar plates.

Biomass and Biorefinery Systems R&D

PNNL provides thermochemical research and development in support of the syngas platform and related
products.

Energy Supply and Conservation/
Energy Efficiency and Renewable Energy/
Funding by Site Page 54 FY 2008 Congressional Budget



The Pacific Northwest National Laboratory conducts R&D in support of the development of the syngas
platform and related products. Major program components include thermocatalysts for fuels and
chemicals and wet biomass for syngas production.

Vehicle Technologies

Conducts research on predictive cruise control for heavy vehicles to increase energy efficiency.
Evaluates advanced energy storage materials. Develops experimental and analytical methods to
measure and improve technologies to reduce exhaust emissions and studies materials for lean-burn,
high-durability NOy sensors. Works to facilitate the scale-up process for depositing Si/SiGe super
lattices, materials used in the development of thermoelectric devices for recovering waste heat in diesel
engines thus improving fuel efficiency. Develops energy efficient production for magnesium, titanium,
polymer composite and glass components for advanced automotive and heavy vehicle designs. Studies
materials for lean-burn, high-durability spark plugs. Develops environmentally friendly processes for
the manufacture of planar thin film ceramic sensors. Develops and tests a lightweight SUV frame
prototype with performance equal to conventional steel components. Designs hybrid composite
materials for weight critical heavy vehicle structures.

Building Technologies

The Pacific Northwest National Laboratory conducts research and development activities for the
following activities: building codes; appliance standards; and emerging technologies.

Industrial Technologies

In support of the Industries of the Future (Specific) and (Crosscutting) activities, Pacific Northwest
National Laboratory provides key support to track past program impacts including the over 150
commercial technologies, and their energy and environmental impacts. Other efforts include the
evaluation of emerging technologies. The laboratory produces an impacts report summarizing
commercial and emerging technologies and past program results and methodologies. The laboratory
also performs support to Mining, Aluminum, Sensors and Controls, Glass, Industrial Materials of the
Future and Forest Products.

Federal Energy Management Program

PNNL developed guidelines and provides expert advice on energy efficient buildings maintenance and
operations, utility load management, utility restructuring, building commissioning, building diagnostic
systems, resource energy management, and analytical support for benefits modeling.

Program Support

Provide analytical support for major crosscutting issues, such as market and benefit analyses.

Sandia National Laboratories
Introduction

Sandia National Laboratories (SNL) is located in Albuquerque, New Mexico and in Livermore,
California. It is a multi-discipline laboratory providing support to Hydrogen Technology, Solar Energy,
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Wind Energy, Vehicle Technologies, Industrial Technologies, Federal Energy Management Program,
Weatherization and Intergovernmental Activities, and Program Support.

Hydrogen Technology

SNL in California serves as the lead laboratory in the research and development of metal hydride
storage materials and systems for various end use applications. SNL is capable of producing metal
hydride materials for use in research and validation projects. SNL also serves as the lead for the design,
implementation, and testing of hydrogen systems to verify building codes and equipment standards for
many applications.

SNL in Albuquerque is supporting the Hydrogen Technology program by developing alternative
polymer electrolyte membranes that can operate at high temperature and low relative humidity to
replace Nation in fuel cells.

Solar Energy

SNL supports the Photovoltaic Energy Systems efforts with the principal responsibility for systems and
balance-of-systems technology development and reliability. Indoor and outdoor measurement and
evaluation facilities provide support to industry for cell, module, and systems measurement, evaluation,
and analysis. Systems-level work concentrates on application engineering reliability, database
development, and technology transfer. SNL is the lead laboratory for the Concentrating Solar Power
activity. SNL’s technical responsibilities include power tower R&D, dish R&D, and the management of
technical tasks and subcontracts to industry and universities.

Wind Energy

SNL Wind Energy Department staff work closely with counterparts at the National Renewable Energy
Laboratory to provide the program and the U.S. wind industry with engineering expertise to further the
program’s knowledge and goals.

Vehicle Technologies

Participates in the modeling and simulation for reduction of heavy vehicle aerodynamic drag. Conducts
research on new, rugged high temperature film capacitors for power electronics. Conducts and
evaluates electrode materials that would improve abuse tolerance of lithium based battery technologies.
Performs abuse tests of various battery technologies. Conducts extensive fundamental research on
piston engine combustion processes to reduce emissions formation while maintaining efficiency.
Investigates optical and non-optical medium-duty HCCI engines and in an optically accessible light-
duty gasoline engine. Develops laser diagnostics to measure diesel particulate matter concentration,
size, morphology, and metallic ash content, which are vital to the successful development of robust
diesel exhaust after treatment systems. Develops materials R&D to improve the performance of tires,
engines, and automotive body structures. Performs analyses and laboratory demonstrations of improved
manufacturing techniques and instrumentation for forging, heat treatment, coating, welding, and other
factory processes. Studies the in-cylinder combustion processes of fuel-borne oxygen in diesel fuels
using laser-induced incandescence observations.
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Federal Energy Management Program

SNL develops guidelines and provides expert advice on renewable technologies for military applications
and on distributed generation.

Weatherization and Intergovernmental Activities

SNL provides technical assistance to transfer renewable energy and energy efficiency technologies to
Native American tribal lands. Sandia also supports International Renewable Energy activities in Latin
America seeking to mobilize private investment in clean energy technologies.

Program Support

SNL provides analytical support for crosscutting issues such as market and benefit analyses.

Savannah River National Laboratory
Introduction

Savannah River National Laboratory is located in Aiken, South Carolina. It is a multidisciplinary
research laboratory that provides support to Hydrogen Technology .

Hydrogen Technology

Savannah River is leveraging its history and expertise in understanding the properties of hydrogen and
its effects on materials. It is a key element of DOE’s metal hydride hydrogen storage research program.
Savannah River is capable of producing metal hydride materials for use in research and validation
projects.

Washington Headquarters
Introduction

Washington, D.C. is the headquarters for the Office of Energy Efficiency and Renewable Energy
operations. The Headquarters operation provides specialized, technical expertise in program planning,
formulation, execution, and evaluation, in order to support the responsible guidance and management of
the budget. In addition, competitive Program Announcements and solicitations are planned and
implemented through Headquarters. It provides support to Hydrogen Technology, Biomass and
Biorefinery Systems R&D, Solar Energy, Wind Energy, Vehicle Technologies, Building Technologies,
Industrial Technologies, Federal Energy Management Program, Weatherization and Intergovernmental
Activities, Program Direction, and Program Support.

Western Area Power Administration

Introduction

Western Area Power Administration (WAPA) is located in Lakewood, Colorado. It is a multi-region
power-making agency that is providing support to Wind Energy.
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Wind Energy

WAPA is conducting analysis of integrating wind into its power system, including assessment of
opportunities for coordinating operation with its hydropower assets.
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Hydrogen Technology

Funding Profile by Subprogram

(dollars in thousands)

FY 2006 Current FY 2007 FY 2008
Appropriation Request Request
Hydrogen Technology

Hydrogen Production and Delivery R&D 8,391 36,844 40,000
Hydrogen Storage R&D 26,040 34,620 43,900
Fuel Cell Stack Component R&D 30,710 38,082 44,000
Technology Validation® 33,301 39,566 30,000
Transportation Fuel Cell Systems 1,050 7,518 8,000
Distributed Energy Fuel Cell Systems 939 7,419 7,700
Fuel Processor R&D 637 4,056 3,000
Safety and Codes and Standards 4,595 13,848 16,000
Education 481 1,978 3,900
Systems Analysis 4,787 9,892 11,500
Manufacturing R&D 0 1,978 5,000
Congressionally Directed Activities 42,520 0 0
Total, Hydrogen Technology 153,451 195,801 213,000

Public Law Authorizations:

P.L. 93-275, “Federal Energy Administration Act” (1974)

P.L. 93-577, “Federal Non-Nuclear Energy Research and Development Act” (1974)

P.L. 94-163, “Energy Policy and Conservation Act” (EPCA) (1975)

P.L. 94-413, “Electric and Hybrid Vehicle Research, Development and Demonstration Act” (1976)
P.L. 95-91, “Department of Energy Organization Act” (1977)

P.L. 95-238, Title III — “Automotive Propulsion Research and Development Act” (1978)

P.L. 96-512, “Methane Transportation Research, Development and Demonstration Act” (1980)
P.L. 96-294, “Energy Security Act” (1980)

P.L. 100-494, “Alternative Motor Fuels Act” (1988)

P.L. 101-566, “Spark M. Matsunaga, Hydrogen Research, Development, and Demonstration Act of 1990 (1990)
P.L. 102-486, “Energy Policy Act" (1992)

P.L. 104-271, “Hydrogen Future Act of 1996 (1996)

P.L. 109-190, “Energy Policy Act” (2005)

* The FY 2007 budget request combines Technology Validation and Infrastructure Validation into one activity.
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Mission

The mission of the Hydrogen Technology Program in DOE’s Office of Energy Efficiency and
Renewable Energy is to research, develop, and validate fuel cell and hydrogen production, delivery, and
storage technologies. The program aims to make it technically and economically viable to produce
hydrogen from diverse domestic resources and to use it in a clean, safe, reliable, and affordable manner
in fuel cell vehicles and stationary power applications.

Benefits

Hydrogen Technology is one component of the President’s Advanced Energy Initiative (AEI), which
aims to break our Nation’s dependence on foreign energy sources by changing the way we power
buildings and vehicles. The AEI encompasses the activities under the Hydrogen Fuel Initiative and the
Department's other light-duty transportation technology development activities, which include applied
research related to advanced vehicle technologies, plug-in hybrid vehicles and biofuels. Together under
the Advanced Energy Initiative, the Hydrogen Fuel Initiative and FreedomCAR aim to help to achieve
technology readiness for hydrogen-powered fuel cell vehicles. If widespread commercialization of
hydrogen-powered vehicles ensues, our energy security could be improved by reducing our reliance on
oil. Hydrogen can be produced from domestic resources in an environmentally sound manner,
providing significant reductions in transportation-related criteria pollutants and greenhouse gases. The
program’s economic, environmental and security benefits that are quantified as expected program
outcomes are described in more detail under the “Expected Program Outcomes” sections.

Strategic and GPRA Unit Program Goals

The Department’s Strategic Plan identifies five Strategic Themes (one each for the nuclear, energy,
science, management, and environmental aspects of the Department's mission) plus 16 Strategic Goals
that tie to the Strategic Themes. The Hydrogen Technology Program principally supports the following
goal:

Strategic Theme 1, Energy Security

Strategic Goal 1.1, Energy Diversity: Increase our energy options and reduce dependence on oil,
thereby reducing vulnerability to disruptions and increasing the flexibility of the market to meet U.S.
needs.

The Hydrogen Technology Program has one program goal which contributes to Strategic Goal 1.1 in the
“goal cascade:”

And concurrently supports:

Strategic Goal 1.2, Environmental Impacts of Energy: Improve the quality of the environment by
reducing greenhouse gas emissions and environmental impacts to land, water, and air from energy
production and use.

Strategic Goal 1.4, Energy Productivity: Cost-effectively improve the energy efficiency of the U.S.

economy.
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GPRA Unit Program Goal 1.1.01.00: Hydrogen/Fuel Cell Technology - Develop fuel cell and hydrogen
production, delivery and storage technologies to the point that they are cost and performance
competitive and are being used by the Nation’s transportation, energy, and power industries.
Development of these technologies will also make our clean domestic energy supplies more flexible,
dramatically reducing or even ending dependence on foreign oil.

Contribution to GPRA Unit Program Goal 1.1.01.00 (Hydrogen/Fuel Cell Technology)

The key Hydrogen Technology contribution to General Goal 4, Energy Security, is domestic energy
supply and energy efficiency through:

= Hydrogen Production and Delivery R&D, to reduce the cost of producing hydrogen from renewables
from $6.20/ gallon of gasoline equivalent (gge) in 2003 to <$3.00/gge untaxed, delivered (at both
5,000 and 10,000 psi) by 2017,

= Hydrogen Storage R&D, to develop and demonstrate commercially-viable hydrogen storage
technology that enables greater than 300-mile vehicle driving range, while meeting vehicular
packaging, cost and performance requirements. Specifically, develop and demonstrate by 2010 a
hydrogen storage technology with capacity of 2.0 kWh/kg, compared to 0.5-1.3 kWh/kg in 2003,
and 1.5 kWh/L (kilowatt-hours per liter), compared to 0.5-0.6 kWh/L in 2003;

= Transportation Fuel Cell Systems and Fuel Cell Stack Component R&D, to improve fuel cell
durability and performance while reducing cost. The manufacturing cost of hydrogen-fueled fuel
cell power systems will be reduced from $275/kW in 2002 for a 50 kW system to $45/kW in 2010
for an 80 kW system at production levels of 500,000 units per year (projected cost);

= Distributed Energy Fuel Cell Systems and Fuel Processor R&D, to increase the electrical efficiency
of 5-250 kW stationary fuel cell systems operating on natural gas or propane from 29 percent in
2002 to 40 percent in 2011;

» Technology Validation, to verify under real world conditions hydrogen fuel cell vehicle performance
and 2,000 hour durability by 2011, and hydrogen infrastructure technologies with a cost of $3.00 per
gge in 2009;

» Education activities, to increase the understanding of hydrogen and fuel cell technologies among key
target audience groups including local and state governments, safety and code officials, potential

? The target for renewable production of hydrogen has slipped from the previous target of $2.85 in 2010 because of
reductions in funding for renewable hydrogen production technologies that have been necessitated by prior-year
appropriation levels and Congressionally-directed projects. The cost revision also reflects a changed assumption regarding
the technology to be used: this target is based on distributed reforming of biomass liquids which include precursors to
conventional biofuels such as ethanol. Producing hydrogen from fuels such as ethanol and ethanol precursors combined with
fuel cell vehicles leads to lower carbon emissions and petroleum consumption than vehicles that use ethanol directly (such as
a ethanol hybrid electric vehicle). Previous targets and status were based on electrolysis, which will not likely be a major
renewable technology when used in distributed applications with grid power.

Energy Supply and Conservation/
Energy Efficiency and Renewable Energy/
Hydrogen Technology FY 2008 Congressional Budget

Page 61



end-users, local communities, and students and teachers. By 2012°, the program expects to increase
the subject knowledge among these target audiences to 43 percent by 2012 relative to 2004 baseline
of 33 percent, and thereby facilitate the market adoption of hydrogen technologies over the long-
term; and

= Safety and Codes and Standards, to provide underlying research to enable codes and standards
development for the safe use of hydrogen in all applications. The program also supports the
preparation of a global technical regulation (GTR) for hydrogen fuel cell vehicles (GTR expected to
be submitted in draft in 2008; approval anticipated in 2010). Global consistency in standards will
ensure that different technologies need not be developed for each region of the world.

Funding by Strategic and GPRA Unit Program Goal

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Strategic Goal 1.1, Energy Diversity

GPRA Unit Program Goal 1.1.01.00, Hydrogen/Fuel Cell

Technology
Hydrogen Production and Delivery R&D 8,391 36,844 40,000
Hydrogen Storage R&D 26,040 34,620 43,900
Fuel Cell Stack Component R&D 30,710 38,082 44,000
Technology Validation” 33,301 39,566 30,000
Transportation Fuel Cell Systems 1,050 7,518 8,000
Distributed Energy Fuel Cell Systems 939 7,419 7,700
Fuel Processor R&D 637 4,056 3,000
Safety and Codes and Standards 4,595 13,848 16,000
Education 481 1,978 3,900
Systems Analysis 4,787 9,892 11,500
Manufacturing R&D 0 1,978 5,000
Congressionally Directed Activities 9,553 0 0

Total, GPRA Unit Program Goal 1.1.01.00, Hydrogen/Fuel Cell

Technology 120,484 195,801 213,000

* The target date for this activity has slipped from the previous target of 2011 in a prioritized response to funding reductions
in previous years necessitated by appropriations actions and Congressionally directed projects.
® The FY 2007 budget request combined Technology Validation and Infrastructure Validation into one key activity.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008
All Other
Congressionally Directed Activities

Hydrogen Fuel Cell Project Edison Materials Technology 2,475 0 0
Regional Transportation Commission Of Washoe County
Hydrogen Fuel Cell Project 2,475 0 0
Fuel Cell Mine Loader and Prototype Locomotive 247 0 0
Hydrogen Regional Infrastructure Program in Pennsylvania 0 0 0
University of South Carolina Fuel Cell Design Project 1,980 0 0
Center For Intelligent Fuel Cell Materials Design, Multi-
State 1,485 0 0
Indigenous Energy Development Center 990 0 0
Delaware State University Center For Hydrogen Storage 990 0 0
Florida International University Center For Energy and
Technology Of The Americas 990 0 0
City Of Auburn Energy Production Issues At Wastewater
Plant 891 0 0
Purdue Hydrogen Technologies Program 990 0 0
City Of Chicago Ethanol To Hydrogen Project 1,980 0 0
University Of Arkansas At Little Rock Hydrogen Storage
Project 396 0 0
University Of Akron Fuel Cell Laboratory 495 0 0
Kettering University Fuel Cell Project 495 0 0
UNLYV Research Foundation Solar-Powered
Thermochemical Production of Hydrogen (partially
supports goal) 1,683 0 0
UNLYV Research Foundation Hydrogen Fuel Cell and
Storage R&D 3,366 0 0
Montana Palladium Research Center (partially supports
goal) 2,475 0 0
University Of Arkansas Little Rock Nanotechnology Center
Production Of Hydrogen 495 0 0
UNLYV Research Foundation Renewable Hydrogen Fueling
Station System, Including Development Of High Pressure
Electrolysis Using Photovoltaics (partially supports goal) 3,366 0 0
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(dollars in thousands)

FY 2006 FY 2007 FY 2008
UNLYV Research Foundation Development Of Photoelectric
Chemical Production Of Hydrogen (partially supports goal) 1,238 0 0
University Of Nevada-Reno Photoelectrochemical
Generation Of Hydrogen By Solid Nanoporous Titanium
Dioxide Project 2,970 0 0
Southern Nevada Alternative Fuels Demonstration Project 495 0 0
Total, All Other 32,967 0 0
Total, Strategic Goal 1.1 (Hydrogen Technology) 153,451 195,801 213,000
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Annual Performance Results and Targets

| FY 2003 Results

FY 2004 Results

‘ FY 2005 Results

FY 2006 Results

FY 2007 Targets

FY 2008 Targets

GPRA Unit Program Goal 1.1.01.00 (Hydrogen/Fuel Cell Technology)
Hydrogen Production and Delivery R&D - Renewable

Complete research for biomass
syngas reforming catalysts to
improve durability and reduce
cost towards achieving 5,000 psi
hydrogen produced for
$5.70/gallon of gasoline
equivalent (untaxed, modeled
cost) at the station by 2005.
[MET]

Hydrogen Production and Delivery R&D-Non Renewable

Hydrogen Storage R&D

Complete research for natural
gas-to-hydrogen production and
dispensing component
development and fabrication
towards achieving 5,000 psi
hydrogen for $3.00/gge (untaxed
and without co-production of
electricity) at the station in 2006.
[MET]

Complete draft of standard test
protocol and construction of test
facility for solid-state hydrogen
storage materials in support of
the targets of 1.2 kWh/L and 4.5
wt. percent and the 2010 targets
of 2.0kWh/kg (6 wt. percent), 1.5
kWh/L at $4/kWh. [MET]

Energy Supply and Conservation/
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Model cost of hydrogen
produced from renewable
sources and assess versus the
2010 target of $2.85/gge,
untaxed at the station at 5,000
psi. [MET]

Complete the research for a
distributed natural gas-to-
hydrogen production and
dispensing system that can
produce 5,000 psi hydrogen for
$3.00/gge (untaxed and without
co-producing electricity) at the
station in 2006. [MET]

Identify materials with the
potential to meet 2010 targets of
2.0 kWh/kg (6 wt percent), 1.5
kWh/L, at $4/kWh. [MET]

Due to Congressionally
Directed Activities, there will
be little activity in FY 2006.
Target has been delayed into
FY 2007.

Complete the development of a
laboratory scale distributed
natural gas-to-hydrogen
production and dispensing
system that can produce 5,000
psi hydrogen for $3.00/gge.
[MET]

Complete fabrication and
testing of a sub-scale prototype
materials-based storage system
to demonstrate projected system
capacity of 2.5 wt. percent (0.8
kWh/kg); evaluate progress
toward the 2007 target of 4.5
wt. percent (1.5 kWh/kg).
[MET]
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Complete lab-scale electrolyzer,
test to determine whether it
achieves 64 percent energy
efficiency and evaluate systems
capability to meet $5.50/gge
hydrogen cost target, untaxed at
the station, and with large
equipment production volumes
[e.g., 500 units/year].

Complete preliminary lab scale
tests to identify technologies that
produce 5,000 psi hydrogen
from natural gas for $2.50/gge,
untaxed at the station and with
large equipment production
volumes [e.g., 500 units/year].

Complete baseline on-board
storage systems analyses, down
select materials, and evaluate
against 2007 targets of 1.5
kWh/kg (4.5 percent by weight)
and 1.2 kWh/L.

Complete benchmark
demonstration of natural gas
reforming technologies
transitioned to renewable liquids
and identify development
pathways to meet the 2012
target of producing hydrogen
from distributed reforming of
renewable liquids at 5,000 psi
for $<3.80 gge at large
equipment production volumes
(e.g., 500 units/yr).

Develop chemical hydrogen
storage regeneration methods at
laboratory-scale, obtain initial
data for efficiency and cost
analysis, and demonstrate lab-
scale reactions capable of at
least 40 percent energy
efficiency.
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FY 2003 Results

FY 2004 Results

FY 2005 Results

FY 2006 Results

FY 2007 Targets

FY 2008 Targets

Hydrogen Storage R&D: Tanks

Complete design of the 5,000
psi cryogenic-gas tank and
10,000 psi compressed gas tank
to achieve 1.3 kWh/kg and 0.6
kWh/L. [MET]

Technology Validation

Verity low electricity and
hydrogen production cost
(<$.08/kWh and <$3.60/gal
equivalent untaxed when
produced in quantity) through
cost shared operation of a
50kWe stationary fuel cell and
hydrogen co-production facility
for six months. [MET]

Plan technology validation
activity. [MET)]

Transportation Fuel Cell Systems and Fuel Cell Stack Component R&D

Achieve $225/kW for a
hydrogen-fueled SOkW fuel
cell power system. [MET]

Complete development of 5,000
psi cryo-gas tank and 10,000 psi
compressed gas tank achieving
1.3 kWh/kg and 0.8 kWh/L.
[MET]

Identify and complete feasibility
and system design of an
isothermal compressor to be
incorporated in hydrogen
refueling stations to produce
hydrogen at $3.00/gge by 20009.
[MET]

Industry contracts are awarded
and initial vehicles delivered that
support the 1,000 hour durability
target. [MET]

Achieve $200/kW for a
hydrogen-fueled 50 kW fuel cell
power system. [MET]

Energy Supply and Conservation/
Energy Efficiency and Renewable Energy/

Hydrogen Technology

Complete testing of 10,000 psi
hydrogen storage tanks;
evaluating against the hydrogen
storage system target of 1.5
kWh/kg (4.5 percent by weight),
and identify approaches to meet
the cost target of $6/kWh.
[MET]

Complete validation of an
energy station that can produce
5,000 psi hydrogen from natural
gas for $3.60 per gallon of
gasoline equivalent (including
co-production of electricity)
untaxed at the station with
mature equipment production
volumes (e.g., 100 units/year).

[MET]

Fuel Cell demonstration
vehicles’ durability can be
projected to 1,000 hours based
on voltage measurements.
[PARTIALLY MET]

DOE-sponsored research will
reduce technology cost to
$125/kW for a hydrogen-fueled
50kW fuel cell power system.
[MET]

Complete installation and 1,000
hours of testing of a refueling
station; determine system
performance, fuel quality and
availability; and demonstrate
the ability to produce 5,000 psi
hydrogen from natural gas for a
projected cost of $3.00 per
gallon of gasoline equivalent,
untaxed at the station, assuming
commercial deployment with
large equipment production
volumes (e.g., 100 units/year)
by 2009. [MET]

Operate fuel cell vehicle fleets
to determine if 1,000 hour
vehicle fuel cell durability,
using fuel cell degradation data,
was achieved by industry.
[MET]

DOE-sponsored laboratory scale
research will reduce the
modeled technology cost to
$110/kW for a hydrogen-fueled
80 kW fuel cell power system.
[MET]
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Validate achievement of a
refueling time of 5 minutes or
less for 5 kg of hydrogen at
5,000 psi through the use of
advanced sensor, control, and
interface technologies.

DOE-sponsored laboratory scale
research will reduce the modeled
technology cost to $90/kW for a

hydrogen-fueled 80kW fuel cell

power system.

Fuel Cell vehicle(s) demonstrate
the ability to achieve 250 mile
range without impacting cargo
or passenger compartments.

DOE-sponsored research will
reduce the modeled technology
cost of a hydrogen-fueled 80kW
fuel cell power system to
$70/kW.
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FY 2003 Results

FY 2004 Results

FY 2005 Results

FY 2006 Results

FY 2007 Targets

FY 2008 Targets

Distributed Energy Fuel Cell Systems and Fuel Processor R&D

Achieve 30 percent efficiency
at full power for a natural gas
or propane fueled 50 kW
stationary fuel cell system.
[MET]

Education

Safety and Codes and Standards

Systems Analysis

Achieve 31 percent efficiency at
full power for a natural gas or
propane fueled 5-250 kW
stationary fuel cell system.
[MET]

Determine the baseline level of
knowledge and develop a plan
for educating target audiences
(students and teachers, state and
local governments, and large-
scale end-users nationwide).
[MET]

Complete the harmonized
technical standard for high
pressure vehicle storage that can
be incorporated into a regulation
(i.e., incorporating the various
standards of different countries
into a single regulation) for
hydrogen storage. Complete the
draft technical standard for
vehicular safety. [MET]

Define requirements for system
analysis and integration to link
the program’s technical
objectives to cost and schedule.
[MET]

Energy Supply and Conservation/
Energy Efficiency and Renewable Energy/

Hydrogen Technology

Achieve 32 percent efficiency at
full power for a natural gas or
propane fueled 5-250 kW
stationary fuel cell system.
[MET]

Due to Congressionally
Directed Activities, there will
be no activity in this area in
FY 2006.
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DOE-sponsored research will
improve electrical efficiency to
34 percent at full power for a
natural gas or propane fueled 5-
250 kW stationary fuel cell
power system verified by a
prototype (5-50 kW system).

DOE-sponsored research will
improve electrical efficiency to
35 percent at full power for a
natural gas or propane fueled 5-
250 kW stationary fuel cell
power system verified by a
prototype (5-250 kW system).

Develop a hydrogen materials
technical reference which
reports on embrittlement issues
for hydrogen usage up to 10,000
psi delivered. Publish a Best
Practices Manual describing
hydrogen safety guidelines and
lessons learned.

Complete and validate Macro-
System Model for complete
hydrogen and delivery pathway
analysis.
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FY 2003 Results

FY 2004 Results

FY 2005 Results

FY 2006 Results

FY 2007 Targets

FY 2008 Targets

Contribute proportionately to

Contribute proportionately to

EERE’s corporate goal of

EERE’s corporate goal of

reducing corporate and program

reducing corporate and program

Maintained total administrative

overhead costs (defined as

program direction and program

Maintain total administrative

overhead costs (defined as

program direction and program

Maintain total administrative
overhead costs in relation to
total program costs of less than

uncosteds to a range of 20-25

adjusted uncosted obligated

support excluding earmarks) in

support excluding earmarks) in

12 percent. Baseline for

percent by reducing program

balances to a range of 20-25

relation to total program costs of

relation to total program costs of

annual uncosteds by 10 percent

percent by reducing program

in 2004 relative to the program
uncosted baseline (2003) until

annual adjusted uncosteds by 10
percent in 2005 relative to the

the target range is met. [MET]

Hydrogen/Fuel Cell Program
FY 2004 end of year adjusted
uncosted baseline ($29,283K)
until the target range is met.
[MET]

? Baseline for administrative overhead rate currently being validated.

Energy Supply and Conservation/
Energy Efficiency and Renewable Energy/

Hydrogen Technology

less than 12 percent.a [MET]
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less than 12 percent.

administrative overhead rate
currently being validated.
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Means and Strategies

Hydrogen Technology will use various means and strategies to achieve its GPRA Unit program goals as
described below. “Means” include operational processes, resources, information, and the development
of technologies, and “strategies” include program, policy, management and legislative initiatives and
approaches to implement the President’s Hydrogen Fuel Initiative and carry out the program in
accordance with the Energy Policy Act of 2005. Various external factors, as listed below, may impact
the ability to achieve the program’s goals. Collaborations are integral to the planned investments,
means and strategies, and to addressing external factors.

Hydrogen Technology will implement the program through the following means:

= Develop hydrogen production, delivery and storage technologies to achieve cost, efficiency, and
other required targets to meet program goals;

= Conduct long-term research, development, and technology validation activities, which are aimed at
reducing oil consumption across a range of energy applications and sectors of the economy;

» Conduct infrastructure validation activities in partnership with industry to develop and validate the
feasibility of hydrogen generation stations that derive hydrogen from both renewable and fossil fuels
for stationary and transportation fuel cell systems;

= Conduct research, development, and technology validation to address the key technical barriers of
performance, cost and durability of fuel cell systems for transportation, stationary, auxiliary power
units (APUs), and portable power applications;

= For transportation applications, focus R&D on critical requirements to enable technology readiness,
primarily focusing on lowering the high-volume system cost of fuel cells to $45/kW by 2010, and
then to $30/kW by the technology readiness target date of 2015. Other significant criteria for
transportation fuel cell systems include the need to have fuel cell technologies developed and
validated that enable: (1) full performance over 5,000 hours of life; (2) 60 percent efficiency
(hydrogen-fueled) at peak power; and (3) operation in vehicles with comparable performance,
safety, and reliability to the gasoline internal combustion engine;

= For stationary applications, work towards removing technical barriers to facilitate the near-term
introduction of fuel cells in a variety of applications that include energy generation for buildings,
uninterruptible power systems, and portable power devices such as consumer electronics;

= Support the introduction of fuel cell vehicles and stationary fuel cell systems to controlled user-
groups such as utilities or military installations through real world demonstrations. These
demonstrations validate technology performance, provide experience to both manufacturers and end-
users supporting the successful introduction of commercial products, and help build early public
awareness;

= Develop systems models and conduct trade-off analyses to guide effective technology decisions;

= Conduct cross-cutting analyses and focus on life cycle cost, emissions, and efficiency of
transportation and stationary fuel cell systems in the near (2015), mid (2030), and long-term (post
2050);
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Conduct research, development and demonstration activities through competitive, cost-shared grants
with industry and universities;

Conduct research for safety and codes and standards, focused on ensuring the safety aspects of
hydrogen technologies and enabling widely accepted codes and standards. Enabling effective codes
and standards requires a substantial and verified database of scientific information on hydrogen
properties. DOE will coordinate with and assist DOT and other code developing entities by
providing this experimental database from research projects and the DOE “learning” demonstration
project; and

Develop and distribute educational materials and conduct training to facilitate greater understanding
of hydrogen and fuel cell technologies.

Hydrogen Technology will implement the program through the following strategies:

Ensure that activities follow the Hydrogen Posture Plan (which outlines the research and
development needed); the Hydrogen, Fuel Cells and Infrastructure Technologies Program Multi-year
Research, Development and Demonstration Plan (which establishes technical targets and schedules
to address key technology barriers); and the National Hydrogen Energy Roadmap (which identifies
research and development pathways to guide hydrogen and fuel cell R&D);

Perform formal merit reviews across the Department’s portfolio of Hydrogen activities (this process
includes the merit review of EERE, Nuclear Energy, Science and Technology (NE); Fossil Energy;
(FE) and Science (SC) hydrogen and related technologies). The Merit Review evaluation
incorporates the principles of the Administration’s R&D investment criteria and is conducted in
compliance with the Department’s Merit Review Guidelines. Additionally, field project managers
and technology development managers evaluate progress formally on a quarterly basis;

Compete the National Laboratories and the private sector side-by-side for new applied R&D
activities;

Conduct meetings of the Hydrogen and Fuel Cell Technical Advisory Committee (per the Energy
Policy Act of 2005 (EPACT 2005)) to advise the Energy Secretary regarding the Department’s
hydrogen activities;

Participate in the development of research data to enable uniform codes and standards at the
international level to ensure that the U.S. industry can compete globally;

Use Centers of Excellence as well as independent projects for R&D in hydrogen storage to support
the storage goals for materials-based systems;

Begin a Manufacturing R&D effort that will enable the mass production of both supply and end-use
technologies for the hydrogen economy, and will foster a strong domestic supplier capability; and

Investigate and implement the pilot use of inducement prizes and recognition in hydrogen and fuel
cell technologies, aligned with the mission of the program, in accordance with the Energy Policy Act
of 2005 (e.g., Title X, Section 1008) and other congressional direction, to complement current R&D
efforts.
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These means and strategies could result in improving energy security by increasing the generation of
reliable, affordable, and environmentally sound hydrogen, adding to the diversity and security of the
Nation’s energy supply.

The following external factors could affect Hydrogen Technology’s ability to achieve its strategic goal:

Congressionally directed projects that do not contribute to the program’s goals;

Price, performance and availability of alternative technologies and conventional fuels that will
compete with hydrogen fueled vehicles and will affect the market;

Decisions on the nature and timing of supporting policy instruments to help stimulate end-use
markets; and

Public acceptance and concerns regarding the safe use of hydrogen.

In carrying out the program’s mission, Hydrogen Technology performs the following collaborative
activities:

Coordinates across four Departmental elements — EERE (Biomass, Solar, Buildings, Wind, and
Vehicles), Nuclear Energy, Fossil Energy and Science — and the Department of Transportation
(DOT) to update the DOE Hydrogen Posture Plan periodically to support the Department’s
Hydrogen Fuel Initiative budget request. EERE is the Departmental lead and coordinates research,
development and demonstration planning, budget formulation and budget execution activities under
the Hydrogen Fuel Initiative;

(dollars in thousands)

FY 2008 Request

Hydrogen Fuel Initiative

Energy Efficiency and Renewable Energy (EERE) 213,000
Nuclear Energy (NE) 22,600
Fossil Energy (FE) 12,450
Office of Science (SC) 59,500
Subtotal, Department of Energy 307,550
Department of Transportation (DOT) 1,425
Total, Hydrogen Fuel Initiative 308,975

Participates in the Interagency Hydrogen and Fuel Cell Technical Task Force, in accordance with
the Energy Policy Act of 2005, to leverage and coordinate Federal resources and activities;

Participates in the International Partnership for the Hydrogen Economy to leverage R&D capabilities
globally;

Works with the DOT, the Environmental Protection Agency (EPA) and the National Institute for
Standards and Technology (NIST) on research for safety and codes and standards. Develop an
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annual coordination plan with DOT that outlines cooperative activities and establishes roles and
responsibilities;

= (Collaborates with EERE’s Building Technologies Program, the Office of Electricity Delivery and
Energy Reliability’s Distributed Energy Resources Program and the Office of Fossil Energy’s solid
oxide fuel cell research and development effort; and

= For activities that support transportation applications, the program coordinates closely with the
EERE Vehicle Technologies Program. The President’s Hydrogen Fuel Initiative and activities in the
FreedomCAR budget crosscut are implemented through technical teams, which provide a
mechanism for developing requirements and industry consensus (see Technology goals below),
evaluating R&D activities, and providing recommendations for program direction. These technical
teams are composed of government and industry experts that meet regularly. The interdependency is
depicted in the table that follows.

2010 Hydrogen Fuel Initiative and FreedomCAR Coordinated Technology Goals

Vehicle Technologies has responsibility for these goals:

= Electric Propulsion Systems with a 15-year life capable of delivering at least 55 kW for 18
seconds and 30 kW continuous at a system cost of $12/kW peak.

* Internal Combustion Engine Powertrain Systems costing $30/kW, having a peak brake
engine efficiency of 45 percent, and that meet or exceed emissions standards.

= Electric Drive train Energy Storage with 15-year life at 300 Wh with discharge power of
25 kW for 18 seconds and $20/kW.

» Material and Manufacturing Technologies for high volume production vehicles which
enable/support the simultaneous attainment of: 50 percent reduction in the weight of
vehicle structure and subsystems, affordability, and increased use of recyclable/renewable
materials.

» Internal Combustion Engine Powertrain Systems operating on hydrogen with cost target of
$45/kW by 2010 and $30/kW in 2015, having a peak brake engine efficiency of 45 percent,
and that meet or exceed emissions standards. (Shared responsibility with the Hydrogen
Technology Program.)

Hydrogen Technology has responsibility for these goals:

= 60 percent peak energy-efficient, durable fuel cell power systems (including hydrogen
storage) with 325 W/kg specific power and 220 W/l power density operating on hydrogen.
Cost targets are $45/kW by 2010 and $30/kW by 2015.
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» Demonstrate hydrogen refueling with developed commercial codes and standards and
diverse renewable and non-renewable energy sources. Goal: cost of energy from
hydrogen equivalent to gasoline at market price, assumed to be $2.00-3.00 per gallon
gasoline equivalent produced and delivered to the consumer independent of pathway by
2015.

* On-board Hydrogen Storage Systems demonstrating specific energy of 2.0 kWh/kg (6
percent by weight hydrogen) and energy density of 1.5 kWh/L at a cost of $4/kWh by 2010
and specific energy of 3.0 kWh/kg (9 percent by weight hydrogen), 2.7 kWh/L, and
$2.00/kWh by 2015.

» Internal Combustion Engine Powertrain Systems operating on hydrogen with cost target of
$45/kW by 2010 and $30/kW in 2015, having a peak brake engine efficiency of 45 percent,
and that meet or exceed emissions standards. (Shared responsibility with the Vehicle
Technologies Program.)

Validation and Verification

To validate and verify program performance, Hydrogen, Fuel Cells and Infrastructure Technologies will
conduct internal and external reviews and audits. Programmatic activities are subject to continuing
review by, for example, the Congress, the Government Accountability Office, the Department's
Inspector General, as well as by reviewers from other agencies, such as the U.S. Environmental
Protection Agency and state environmental agencies through the Program’s Annual Merit Review and
Peer Evaluation process. Specific milestones, go/no-go decision points, and technical progress are
systematically reviewed through the program’s merit review process and independent assessments
conducted through the Systems Integration Office. The table below summarizes validation and
verification activities.

Data Sources: ~ Merit Review and Peer Evaluation of R&D, Program Peer Reviews, and independent
assessments are conducted. Engineering models and experimental results are used to
validate technical progress, with documentation provided through quarterly and
annual reports. Learning demonstration activities also verify and validate technical
progress towards meeting targets and help refocus R&D. Summary program plans
and annual presentations by the program are used to communicate the status of
verification/validation activities and to evaluate proposed approaches towards
meeting technical targets.

Baselines: The following are the key baselines used in Hydrogen Technology:
= renewable hydrogen production (delivered) (2003): $6.20/gge
* non-renewable production (delivered) (2003): $5.00/gge
= electrolysis production efficiency (2003): 62 percent

= compressed hydrogen tank-only storage (2003): 1.3 kWh/kg (3.9 percent by
weight) and 0.6 kWh/L system capacity
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solid state materials for storage systems (2003): 1 percent by weight system
capacity and 0.5 kWh/L

transportation systems/stack component R&D (2002): $275/kW fuel cell cost

distributed energy systems/fuel processor R&D (2002): 29 percent electrical
efficiency

technology validation (2003, laboratory): 1,000 hours durability of fuel cell
vehicle systems

validated production (delivered) (2004): $3.60/gge (beginning of life testing)
education (2004): Survey”

Frequency: GPRA Benefits are estimated annually, Merit Review and Peer Evaluation of R&D
projects are carried out annually, and Program Peer Review is conducted biennially.
Quarterly reports are submitted to DOE Technology Development Managers.
Summary program plans are submitted annually.

Data Storage: ~ EERE Corporate Planning System

Evaluation: The program uses several forms of evaluation to assess progress and to promote
program improvement:

Technology validation and operational field measurement, as appropriate;

Peer review by independent outside experts of both the program and subprogram
portfolios;

Annual internal Technical Program Review of the program;

Specialized program evaluation studies to examine process, impacts, or market
baseline and effects, as appropriate;

Quarterly and annual assessment of program and management results based on
Joule (the DOE quarterly performance progress review of budget targets) PMA
(the President’s Management Agenda -- annual departmental and Program
Secretarial Officer (PSO) based goals whose milestones are planned, reported and
reviewed quarterly) PART (common government wide program/OMB reviews of
management and results); and

Annual review of methods, and recomputations of potential benefits for the
Government Performance and Results Act (GPRA).

The National Academies (National Research Council and National Academy of
Engineering) have performed an extensive review of the program and have
published a 2004 report titled: “Hydrogen Economy: Opportunities, Costs,

* The Hydrogen Baseline Knowledge Assessment was completed in 2004 to measure the knowledge and awareness of
hydrogen energy systems among key target audiences. Analysis of the baseline survey results has been completed and the
report was published in May, 2006; see http://hydrogen.energy.gov/facts_figures.html#survey. Future surveys will be used
to evaluate changes in knowledge over time.
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Barriers and R&D Needs.” The committee’s report indicated the four most
fundamental technological and economic challenges are: 1) to develop and
introduce cost-effective, durable, safe and environmentally desirable fuel cell
systems and hydrogen storage systems; 2) to develop the infrastructure to provide
hydrogen for the light-duty vehicle user; 3) to reduce sharply the costs of
hydrogen production from renewable energy sources over a time frame of
decades; and 4) to capture and store the carbon dioxide byproduct of hydrogen
production from coal.

Additionally, in 2005, the National Academies published a report titled: “Review
of the Research Program of the FreedomCAR and Fuel Partnership”.* The
committee’s report indicated that DOE's three-year-old FreedomCAR and Fuel
Partnership "has already made an excellent start." The report noted that the
partnership faces significant technical challenges, including hydrogen storage in
vehicles, commercially viable fuel cells, and the need to build an infrastructure
for hydrogen fueling. The report recommended that DOE pay special attention to
the challenges of shifting from petroleum to hydrogen as a transportation fuel,
including hydrogen safety issues and any environmental impacts of large-scale
hydrogen production and use. It also recommended an overall program
evaluation to help decide among trade-offs and determine priorities. Finally, the
report noted that Congress has appropriated significant portions of the funding for
specific projects that are not focused on the partnership's goals, and that the
partnership will be unable to meet its milestones if the practice continues.

= Merit reviews and peer evaluations, conducted by energy, hydrogen, and fuel cell
experts from outside of the U.S. Department of Energy, are held to evaluate the
research, development and demonstration projects to ensure that they address the
priorities and key technology barriers identified in the HT planning documents.

= The program develops and implements planning documents and supports the
development of technology roadmaps with industry.” These efforts are used to
focus the program’s investments on activities that are within the Federal
Government’s role and that address top priority needs. The hydrogen technical
advisory committee will also be used to independently review the program.

= For new applied research activities, the program plans to compete both the
National Laboratories and the private sector side by side. Industry and
universities already receive funding through a competitive process that leads to
cost-shared grants. Hydrogen and fuel cell industry experts review each
university, laboratory and industry project at the annual Merit Review and Peer

* Report can be found at http://www.nap.edu/books/030909730/html.

" See the following documents: Fuel Cell Report to Congress, Feb. 2003; A National Vision of America’s Transition to a
Hydrogen Economy, March 2002; National Hydrogen Energy Roadmap, November 2002; FreedomCAR Fuel Cell Technical
Roadmap; EERE Hydrogen Program Multi-Year Research, Development and Demonstration Plan; Hydrogen Posture Plan;
The 2004 National Academies’ Report, The Hydrogen Economy: Opportunities, Costs, Barriers, and R&D Needs; and the
National Academies’ Report, Review of the Research Program of the FreedomCAR and Fuel Partnership, First Report,
August 2005.
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Evaluation. Consistent with the principles of the Administration’s R&D
Investment Criteria, project peer reviews include evaluation of: 1) Relevance to
overall DOE and Hydrogen Fuel Initiative objectives; 2) Approach to performing
the research and development; 3) Technical accomplishments and progress
toward project and DOE goals; 4) Technology transfer/collaborations with
industry/universities/laboratories; and 5) Approach and relevance of proposed
future research. The panel also evaluates the strengths and weaknesses of each
project, and recommends additions to or deletions from the scope of work.

= Some projects are also evaluated by the FreedomCAR joint technical teams each
year. The program facilitates supplier-customer relationships to ensure that R&D
results from National Laboratories and universities are transferred to industry
suppliers and that industry supplier developments are made available to
automakers, energy industry and stationary power producers.

= Reviews are conducted by the Hydrogen Safety Panel to monitor the safety of
procedures and facilities throughout the Hydrogen Technology Program.

Verification: Quarterly reports from DOE-funded industry, university and National Laboratory
partners document the status of quarterly targets and milestones. An Annual Report
is used to evaluate progress towards meeting program goals and technical targets.
Data from Technology Validation projects will be used to assess technology status.
Independent Systems Integration function will evaluate research results.

Program Assessment Rating Tool (PART)

The Department implemented a tool to evaluate selected programs. PART was developed by OMB to
provide a standardized way to assess the effectiveness of the Federal Government’s portfolio of
programs. The structured framework of the PART provides a means through which programs can assess
their activities differently than through traditional reviews. The Hydrogen Technology Program has
incorporated feedback from OMB into the FY 2008 Budget Request and has taken or will take the
necessary steps to continue to improve performance.

The Hydrogen Technology Program was rated “moderately effective” in the latest PART assessment in
2003 (Purpose: 80 percent; Planning: 80 percent; Management: 100 percent; Program
Results/Accountability: 58 percent). Most PART recommendations within program control have been
addressed and results-based planning continues to improve. The 2002 PART review of Hydrogen
Technology contained a recommendation to establish a partnership with the energy industry to
complement the DOE’s FreedomCAR budget. To fulfill this recommendation, FreedomCAR (the
partnership between DOE and USCAR) was expanded to include energy industry partners and the
expanded partnership was launched to coordinate hydrogen research activities with both automotive and
energy industry partners. Many activities funded through the President’s Hydrogen Fuel Initiative and
FreedomCAR are now implemented through the government-industry FreedomCAR and Fuel
Partnership.

The 2002 PART recommendation to expand high-risk R&D on hydrogen production from renewable
resources and on hydrogen storage technologies was addressed with two solicitations for proposals that
led to grants with universities and industry, and work agreements with National Laboratories. EERE
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and the DOE Office of Science (SC) coordinated extensively in developing a FY 2004 solicitation for
basic research to support hydrogen production, storage and use.

Another 2002 PART recommendation suggested the development of adequate annual performance
measures. Some annual performance measures that correlate with multi-year program plan technical
targets have been included in budget requests. Work continues to better connect technical targets in the
budget document with PART targets. These improvements in planning and accountability were
reflected in Hydrogen Technology's improved 2003 PART score in those areas, resulting in an overall
score improvement and a “moderately effective” rating, the second highest rating possible.

The 2003 PART also found that the program has coordinated well with other DOE programs (i.e., in
developing the DOE Hydrogen Posture Plan) and with industry (i.e., in developing technology
roadmaps) in establishing a plan to achieve the goals of the President’s Hydrogen Fuel Initiative. The
PART noted that a significant level of congressionally directed activities in FY 2004 — nearly half of the
program’s budget — jeopardizes progress on the President’s initiative by reducing program funding
available to address the most important barriers to the hydrogen economy.

The Department has responded to the PART recommendation of “Develop guidance that specifies a
consistent framework for analyzing the costs and benefits of research and development investments, and
use this information to guide budget decisions.” The Department has specified common scenarios,
common methodology, and standardized benefits measures to allow analyzing the costs and benefits of
applied R&D investments. The Department continues to work on implementation of common
assumptions and a consistent approach to incorporation of risk.

Consistent with the PART recommendation to implement management recommendations from the
National Academies' reviews of the program, the Hydrogen Technology program has addressed or is
taking steps to address all of the recommendations included in the National Research Council's
hydrogen economy report. Examples of actions taken on the nearly 50 recommendations include: hiring
a new lead systems analyst to coordinate the build-up of a comprehensive systems analysis capability;
creation of an independent systems integration team at NREL, separate from the technology
development teams, and creation of a Chief Engineer position to coordinate technical baselines,
requirements, schedules, and interagency activities; formation of a hydrogen-safety expert panel to help
DOE audit safety plans and practices; a significant increase in the number of universities funded to work
on fundamental issues in hydrogen production and storage; establishing a go/no go decision point for
funding of stationary PEM fuel cells (in 2011); and increasing focus on small scale reformers and
electrolyzers for distributed hydrogen production for the transition to a hydrogen infrastructure. In a
few cases, the program considered the recommendations but ultimately decided not to follow them. For
instance, the program has not ended funding for stationary fuel cells because they offer an early market-
entry opportunity for fuel cells and technical targets have not been met.

Expected Program Outcomes

Hydrogen Technology pursues its mission through integrated activities designed to improve the energy
efficiency, flexibility, and productivity of our energy economy. We expect these improvements to
reduce susceptibility to energy price fluctuations; reduce greenhouse gas emissions; reduce EPA criteria
and other pollutants; and enhance energy security by increasing the production and diversity of domestic
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fuel supplies. Realization of the Hydrogen Technology goals would provide the technical potential to
reduce conventional energy use.

Estimates of the security, economic and environmental benefits from 2008 through 2050 that would
result from realization of the program’s goals are shown in the table below. Absent any complementary
policies and absent complementary R&D activities from other Federal programs, we estimate that the
incremental oil import savings associated with successful achievement of EERE’s Hydrogen Program
goals are around 2 mbpd in 2050. The program would increase the energy diversity of the Nation’s
transportation system by enabling 38 percent of the light duty vehicle stock to be hydrogen fuel cell
vehicles in 2050. These results, based on the GPRAO08 analysis, include contributions from the relevant
technology development efforts under EERE’s FreedomCAR and Vehicle Technologies Program. The
results incorporate different assumptions and are significantly below the 11 mbpd savings by 2040 that
we estimated when we launched the initiative because hydrogen in now considered to be only one
component of a more diverse portfolio of options. The lower value of oil savings due to hydrogen is
based on the assumption that competing alternative fuels and vehicle technologies (such as biofuels and
plug-in hybrids) will be available.

EERE’s Hydrogen Technology Program Goal Case reflects the increasing penetration of hydrogen
technology over time, as the program’s goals are met. Not included are any policy or regulatory
mechanisms, or other incentives not already in existence, that might be expected to support or accelerate
the achievement of the program goals. Nor are the effects of competition from alternative technologies
considered. The expected benefits reflect solely the achievement of the program’s goals.

The goals are modeled in contrast to the “baseline” case, in which no DOE R&D exists. The baseline
case is identical to those used for all DOE applied energy R&D programs.” Further, across EERE, and
across all of DOE’s applied energy R&D programs, the expected outcome benefits are being calculated
using the same fundamental methodology. Finally, the metrics by which expected outcome benefits are
measured are identical for all of DOE’s applied energy R&D programs.” This standardization of
methods and metrics has been undertaken to address the R&D investment criterion that “Programs and
projects must articulate public benefits of the program using uniform benefit indicators across programs
and projects with similar goals.”

The difference between the baseline case and the program goal case results in economic, environmental
and security benefits. For example, achievement of program goals results in oil import savings of 0.3
mbpd in 2030 and 2 mbpd in 2050, with a corresponding increase in transportation energy diversity of
15 percent and 34 percent, respectively. Achieving these goals would also result in carbon emission

* The starting point for the baseline case is the Energy Information Administration’s “reference case,” as published in the
AEO 2006. Program analysts from across DOE examined the AEO to determine the extent to which their program goals are
modeled (explicitly or implicitly). If program goals are modeled in the AEO, they are removed in the GPRA baseline.
Further, some programs believe that the AEO’s technology representation is too conservative, even in the absence of
program goals, and thus in certain cases a modification is made to make the technology representation in the baseline case
more optimistic than the AEO.

" The set of expected outcome metrics being used this year differs in substantial ways to that of previous years. In addition
to the standardization across DOE’s applied energy R&D programs, the list is expanded and more comprehensive than in
past years. Further, the list maps to DOE strategic goals. The expected outcome metrics represent inherent societal benefits
that stem from achievement of program goals.

¢ See OMB-OSTP priorities memo, p. 10. http://www.whitehouse.gov/omb/memoranda/m03-15.pdf.
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savings of 14 million metrics tons in 2030 and 31 million metric tons in 2050. Finally, the program’s
advances would also result in consumer savings of $5 billion in 2030 and $80 billion in 2050. The
results are generated by modeling the program goals within two integrated energy-economy models:
NEMS-GPRAOS for benefits through 2030, and MARKAL-GPRAOS for benefits through 2050." The
full list of modeled benefits appears below.

FY 2008 GPRA Benefits Estimates for the Hydrogen Technology Program® ¢

2010 2020 2030 2040 2050

Environmental Benefits (Goal 1.2)

Avoided carbon emissions, annual (MMTC) ns ns 14 29 31
Avoided carbon emissions, cumulative (MMTC) ns ns 16 248 551
Reduced cost of criteria pollutant control, NPV (bil. 2004$) NC NC NC NC NC
Economic Benefits (Goal 1.4)
Consumer savings, annual (bil. 20048) ns ns 5 10 80
Consumer savings, NPV (bil. 2004%) ns ns 19 -69 92
Electric power industry savings, annual (bil. 2004$) ns ns 3 1 10
Electric power industry savings, NPV(bil. 2004$) ns ns -14 228 -4
Household energy expenses reduced, annual (bil. 2004$) 0.1% 0.0% 0.3% 0.7% 2.1%
Energy intensity reduced (% change in E/GDP) 0.0% 0.0% 0.2% 1.3% 2.2%
Net energy system cost savings, annual (bil. 20048$) ns ns 0 5 10
Natural gas price change, moving avg. (2004$ / TCF)® ns ns NC NC NC
Security and Reliability Benefits (Goal 1.1 or 1.3)
Avoided oil imports, annual (mbpd) ns 0.0 03 1.4 21
Avoided oil imports, cumulative (bil. bbl) ns 0.0 0.4 38 10.5

? Final documentation on the analysis and modeling, including all of the methodologies and underlying assumptions, is
expected to be completed and posted on the web by March 31, 2007. Past GPRA modeling and analysis documentation can
be found at http://www.eere.energy.gov/ba/pba/gpra.html .

® Benefits through 2030 are calculated with the NEMS-GPRA08 model. Benefits from 2035 through 2050 are calculated
with the MARKAL-GPRAO8 model. “NC” indicates situations in which no calculation was done because of specific model
limitations. “ns” indicates results that were “not significant”—within the noise of the models.

¢ Projected benefits do not include any potential policy changes that might enhance technology deployment. In addition,
most technologies show diminishing benefits by 2050, because of the assumption built in to the analysis that baseline
industry progress will eventually catch up with the more accelerated progress associated with EERE program success.

4 Net present value calculations throughout this table are performed for cumulative economic metrics, and are done using a
3% real discount rate, cumulative to 2008.

¢ The prices reflected here are average delivered prices to all sectors, and are based on a three year moving average. Thus the
measure of benefit is the change in the three year moving average delivered price, in $ per thousand cubic foot.
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Security MPG improvement (%)*

Transportation fuel diversity improvement (%)°

Oil intensity reduced (% change in bil. bbl/GDP)

2010 2020 2030 2040 2050
0% 0% 4% 23% 89%
0% 2% 15% 33% 34%

ns ns ns 0.6% 0.8%

* Security MPG is the ratio of vehicle miles traveled by light duty vehicles to their usage of oil. It captures oil avoidance by

efficiency and fuel alternatives.

® Fuel diversity is measured by the Shannon-Weiner Index (SWI) of diversity. The SWI is a measure of “proportional
diversity,” and hence captures both abundance and richness, i.e., how many different fuels and how much of each fuel both

factor into the calculation.
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Hydrogen Production and Delivery R&D

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Hydrogen Production and Delivery R&D 8,391 35,798 38,880
SBIR/STTR 0 1,046 1,120
Total, Hydrogen Production and Delivery R&D 8,391 36,844 40,000

Description

Hydrogen Production and Delivery R&D encompasses distributed based renewable liquids reforming
and electrolysis, and central based production through biomass gasification, wind based electrolysis,
solar driven high temperature thermochemical cycles, biological and photoelectrochemical pathways. It
also includes the technology for hydrogen delivery: transporting and distributing hydrogen at fueling
sites. Work involving coal and nuclear-based hydrogen production is funded by the DOE Fossil Energy
and Nuclear Energy offices, respectively. Areas of collaboration with other offices include production
technologies such as gasification, reforming, separations, and purification.

Benefits

Production and Delivery R&D supports the mission of the program by developing new and advanced
technologies to produce hydrogen from diverse domestic resources. The benefits of the R&D include
the lowering of hydrogen cost on a cents/mile basis to a level less than or equivalent to gasoline used in
conventional hybrid vehicles.” The research will enable the projected cost of hydrogen produced in
large quantities by renewable and non-renewable fuel sources to be reduced as indicated. The FY 2006
hydrogen cost target of $3.00 per gallon of gasoline equivalent (gge) for production from distributed
natural gas was met and verified by an independent panel. Based on meeting the upper end of the
overall Production Objective of $2.00 to $3.00/gge, focus will be shifted towards meeting the objective
through renewable pathways.

? The hydrogen cost goal range of $2.00 to $3.00 per gasoline gallon equivalent (gge) is independent of the production
pathway and is based on the National Academies’ fuel efficiency improvement factors for gasoline and gasoline hybrid
vehicles and the Energy Information Administration’s “High A Case” 2015 gasoline price projection. This methodology will
make hydrogen fuel less than or equivalent to gasoline on a cents-per-mile basis.
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Hydrogen Production Costs (modeled)”: Renewable delivered at 5000 psi

($/gge)
| 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 |

Hydrogen from renewables
Target 6.20 6.00 $4.30 4.10°
Actual 6.20 5.45 5.88" 4.40°

Hydrogen Production Costs (modeled)”: Non-renewable delivered at 5000 psi, untaxed, based on
natural gas at $§ 5.25/MBtu.

($/gge)

| 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

Hydrogen from natural gas (distributed)
Target 5.00 3.00 2.75 2.50
Actual 5.00 3.10 3.00

Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Hydrogen Production and Delivery R&D 8,391 35,798 38,880

The Production and Delivery R&D subprogram funds multiple pathways for hydrogen production,
including: water electrolysis, reforming of biomass-derived liquids, biomass gasification,
photoelectrochemical, biological, and solar high temperature water-splitting. The majority of the
funding (minimum 75 percent) is directed toward technologies from renewable energy sources
because this research was a priority area identified by the National Academy of Sciences in its
comprehensive 2004 study, The Hydrogen Economy.

? Hydrogen production cost estimates use laboratory data and assume high equipment manufacturing volumes, i.e., 500
units/year.

® The increase of the FY 2005 actual value of modeled cost of hydrogen produced from renewables is due to two factors: (a)
increase in the assumed industrial electricity price from 5 cents’/lkWh to 5.5 cents/kWh from the EIA Annual Energy Outlook
(2004 vs 2005) and (b) increase of capital cost estimate of electrolyzer. Targets and status post 2005 are based on distributed
reforming of renewable liquids. Previous targets and status were based on electrolysis, which will not likely be a major
renewable technology when used in distributed applications with grid power. In addition, the post-2005 timeline has been
extended consistent with reduced funding available for renewable production due to previous years' appropriations and
Congressionally-directed projects.

¢ Hydrogen production cost estimates use laboratory data and assume high equipment manufacturing volumes, i.e., 500
units/year.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

Having achieved the upper end of the $2.00 to $3.00/gge cost objective through distributed natural gas
reforming, further reforming R&D will focus on the development of pilot scale reforming systems that
can use biofuels such as ethanol, glucose, and bio-oil (or fuel-flexible system) to achieve a delivered
hydrogen cost of $<3.00/gge by 2017. Novel reforming systems for conventional feedstocks and
components such as membrane technologies for a one-step hydrogen separation and purification
process and low energy pressurization options such as thermal compressors will be developed to
reduce the delivered cost of hydrogen from $3.00 (FY 2006 cost) to $2.00/gge by 2015.

The program will conduct research on advanced electrolyzer systems, with the goal of achieving a
plant gate hydrogen cost of $3.10 per gasoline gallon equivalent (gge) for central renewable
production and a delivered cost of $3.70/gge for distributed electrolysis by 2012. Wind-powered
electrolysis research will include advanced power electronics interface components for wind
microgrid electrolysis and distributed power and complete technology-business case models for
electrolysis pathways. Research on reforming of biomass and biomass derived liquids to reduce
capital costs and improve efficiencies will be targeted to achieve a delivered hydrogen cost of
$3.80/gge by 2012. Centralized biomass gasification and reforming research will combine novel
gasifier and slurry reforming technologies to reduce the plant-gate cost. Gasification technology
research will be coordinated with the EERE Biomass Program and DOE’s Fossil Energy Program.
Separation technologies to reduce energy use and capital costs associated with reforming and
gasification will be developed in coordination with DOE’s Office of Fossil Energy. In
photoelectrochemical water splitting production, the program will begin development of standard test
protocols to validate and compare the efficiencies and durabilities of materials and devices under
development by universities, industry, and National Laboratories, identify functional requirements for
auxiliary photoelectrochemical (PEC) hydrogen production devices and systems, and test candidate
materials. In collaboration with the Office of Science, the program will complete development of a
photoelectrochemical material and evaluate device configurations that are projected to achieve 8
percent solar-to-hydrogen system efficiency with 1,000-hour durability by the end of 2013. Research
will then shift to advanced photoelectrochemical materials that could achieve 10 percent solar-to-
hydrogen system efficiency and 5,000-hour durability by 2018. In collaboration with the Office of
Science, research will begin on biological micro-organism systems to improve hydrogen production
efficiency. The program will conduct fermentation research to enable the use of a lower cost
feedstock (10 cents/Ib sugar feedstock cost in 2013) and achieve a 4 molar yield of hydrogen from
glucose (2013). Naturally-occurring microorganisms will be examined to identify those that are
relevant to the program's algae and fermentation pathways. The program will conduct research of
biological technology that achieves 2 percent incident light energy-to-hydrogen efficiency with 30
minute duration of continuous photoproduction by 2015 and 5 percent efficiency with 4 hour duration
by 2018. In solar-concentrator-based high-temperature water splitting, the program will verify the
feasibility of chemical cycles including laboratory-scale industry projects that would be projected to
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

achieve a hydrogen cost of $6.00/gge (plant gate) by 2012. The EERE Hydrogen and Solar Programs
and the Nuclear Hydrogen Initiative in the Office of Nuclear Energy will work together to develop a
thermo-chemical means of producing hydrogen using high temperature solar as the heat source. The
goal of the project will be a pilot-scale demonstration by 2014.

The program will also conduct research to reduce capital costs and increase energy efficiency of
hydrogen delivery systems. The focus in FY 2008 will be on compression, liquifaction and storage at
refueling sites, with the goal of achieving the 2010 target of refueling-site delivery costs <$.80/gge of
hydrogen. The program will develop energy-efficient conventional mechanical hydrogen compressors
and liquefaction technology, novel thermal hydrogen compressors, and novel magnetic liquefaction
techniques. Hydrogen delivery R&D will also include pipeline embrittlement research, novel solid
and liquid hydrogen carrier research, and development of high-pressure tube trailers and tanks to
achieve a hydrogen delivery cost of <$1/gge by 2017.

Research into carbon sequestration options for distributed reforming technology will be conducted to
identify innovative options that could be economically viable.

In addition, these funds may be used to support efforts such as peer reviews; data collection and
dissemination; and technical, market, economic, and other analyses.

SBIR/STTR 0 1,046 1,120

In FY 2006, $178,000 was transferred to the SBIR program and $22,000 to the STTR program
respectively. The FY 2007 and FY 2008 amounts shown are estimated requirements for the
continuation of the SBIR and STTR program.

Total, Hydrogen Production and Delivery R&D 8,391 36,844 40,000

Energy Supply and Conservation/

Energy Efficiency and Renewable Energy/

Hydrogen Technology/

Hydrogen Production and Delivery R&D Page 84 FY 2008 Congressional Budget




Explanation of Funding Changes

FY 2008 vs.
FY 2007
(3000)

Hydrogen Production and Delivery R&D

This activity will result in a highly focused effort on near-term technologies that support
the introduction of hydrogen technologies. The primary focus will be on distributed
production systems using electrolysis and reforming that minimize the need for a delivery
infrastructure. Electrolysis will focus on advanced distributed electrolyzers that maximize
efficiency and minimize capital cost. Distributed reforming R&D will include
investigation of multiple feedstocks and result in prototype renewable liquid reformers
and low-cost appliance type reformers focused on attaining the 2015 target of $2.00/gge.
Support for longer-term technologies, such as central electrolysis from renewables, high-
temperature solar thermochemical cycles, photoelectrochemical production, and
biologically based hydrogen production is accelerated to include very high energy
efficiency, advanced power-electronics components for wind-powered electrolysis,
efficient and robust photobiological and fermentation organisms and processes. Delivery
R&D will focus on development of advanced, low-cost hydrogen compressor and
liquefaction technology and will include significant R&D of hydrogen carriers, pipelines
or high pressure tube trailers. The hydrogen production budget request is consistent with
the National Academies’ recommendations in their Hydrogen Economy report and is
supported by multiple RDIC factors: it is a Presidential priority; it addresses market
barriers and provides a public benefit; it builds on existing technology and complements
current R&D in support of the DOE Hydrogen Posture Plan; it incorporates industry
involvement in planning, industry cost-sharing, performance indicators, "off ramps" (such
as the phase-out between FY 2008 and FY 2010 of R&D on hydrogen production from
natural gas, as production is validated in the target range of $2.00 to $3.00 per gge), and it
is competitively awarded and peer reviewed. +3,082

SBIR/STTR

Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities 174

Total Funding Change, Hydrogen Production and Delivery R&D +3,156
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Hydrogen Storage R&D

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Hydrogen Storage R&D 26,040 33,651 42,671
SBIR/STTR 0 969 1,229
Total, Hydrogen Storage R&D 26,040 34,620 43,900

Description

Hydrogen Storage R&D will focus primarily on the research and development of on-board vehicular
storage systems that allow for a driving range of more than 300 miles within the constraints of weight,
volume, safety, durability, refueling time, efficiency, and total cost, to meet consumer expectations. The
Hydrogen Storage portfolio will concentrate on materials-based technologies and will also explore
advanced conformable and low cost tank technologies for hydrogen storage systems to meet 2010 and
2015 on-board system performance targets.

Benefits

Hydrogen storage is a key enabling technology for the advancement of hydrogen and fuel cell
technologies for transportation, stationary power, and portable power applications. Current hydrogen
storage systems for vehicles are inadequate to meet customer driving range expectations without
intrusion into vehicle cargo or passenger space. The Hydrogen Storage R&D activity supports the
mission of the HT Program by focusing on the development of safe, compact, light-weight, low-cost,
durable, and efficient storage systems to achieve a driving range of greater than 300 miles.

The research will enable the system volumetric (kWh/L) and gravimetric (kWh/kg or % by weight)
storage capacities (while meeting cost targets) to be improved as indicated below.
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Hydrogen Storage Performance Metrics

2003* | 2004° | 2005 2006 2007 | 2008 | 2009 | 2010

Materials-Based
Volumetric (kWh/L)
Target 1.2 1.5
Actual 0.5 0.6 0.65
Gravimetric (% by weight)
Target 1 1.7 2.5 4.5 6.0
Actual 1 1.7 1.9

Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Hydrogen Storage R&D 26,040 33,651 42,671

To address the critical challenge of hydrogen storage, the program will continue with its overarching
strategy to conduct research and development through the framework of the “National Hydrogen
Storage Project,” consisting of both Centers of Excellence (which include teams of competitively
selected university, industry and Federal Laboratory partners) and competitively selected independent
projects aimed at meeting the following technical goals by 2010: storage density of 2.0 kWh/kg (6
percent hydrogen by weight), 1.5 kWh/L, and $4/kWh. This work is based in part on awards initiated
in FY 2005 from the “Grand Challenge” solicitation issued in FY 2003. In addition, independent
projects awarded through the annual solicitation process, initiated in FY 2006, will be part of the
portfolio. It is expected that these projects will be started in FY 2007. To complement hydrogen
storage R&D, the program may also implement an inducement prize to foster a broader spectrum of
ideas and participants and to support the Energy Policy Act of 2005, Title X, section 1008 (e.g.,
Freedom Prize or other cash prizes).

Hydrogen storage efforts will focus on applied, target-oriented research of advanced concepts,
innovative chemistries and novel materials, with the potential to meet long term performance metrics.
Advanced concepts include high-capacity metal hydrides, solid and liquid chemical hydrogen carriers,
boron-based materials, novel carbon nanostructures, metal-organic framework materials, and other
nanostructured high surface area materials, as well as novel material synthesis and treatment
processes. The R&D will be closely coordinated with the DOE Office of Science basic research

2 kWh/kg = 6 percent hydrogen by weight. 6 percent hydrogen by weight storage system contains 6 kg of hydrogen in a
system weighing 100 kg. 1 kg of hydrogen contains 33.3kWh (on a lower heating value basis), so 6 kg contains
approximately 200kWh. A 200 kWh hydrogen/100 kg system = 2kWh/kg.

® The program plans in effect in FY 2003 and 2004 did not include quantitative performance targets for these years.

Energy Supply and Conservation/
Energy Efficiency and Renewable Energy/
Hydrogen Technology/Hydrogen Storage R&D Page 87 FY 2008 Congressional Budget



(dollars in thousands)

FY 2006 FY 2007 FY 2008

efforts in hydrogen storage, through university, National Laboratory, and industry R&D. Along with
the materials research, the applied R&D investment will increase critical engineering science efforts
to enable compact, efficient and light-weight thermal integration and reactor designs for the storage
system. In addition, emphasis will be increased on engineering science for systems issues, including
thermal management during refueling. Overall technical progress for hydrogen storage in FY 2008
will be moving from the FY 2007 interim system target of 4.5 percent hydrogen by weight towards
the 2010 system targets of 6 percent hydrogen by weight.

In FY 2008, the program will continue to focus hydrogen storage research and development on
advanced metal hydrides, chemical hydrogen storage, carbon-based materials and new concepts.
Building on the research conducted in FY 2005 through the end of FY 2007, R&D will focus on the
most promising material technologies down-selected from the overall portfolio at the end of FY 2007

that have the potential to meet the DOE 2010 system targets. R&D work will further optimize the
down-selected materials and concepts while ramping up engineering science efforts for the storage
system. The down-selection process is part of the planned process to focus on key technologies to
achieve the program goals.

Chemical hydrogen storage research will focus on further optimizing selected storage materials while
initiating engineering development of the overall storage system via lab-scale experiments to optimize
hydrogen release and regeneration process conditions for selected materials. Regeneration methods
will be developed for chemical hydrides, including boron-based materials and organic compounds.
Regeneration yields, reaction rates and their dependence on temperatures, catalysis and thermal
management will be investigated. The program’s key milestone for FY 2008 is to develop chemical
hydrogen storage regeneration methods at the laboratory-scale, obtain initial data for efficiency and
cost analysis, and demonstrate lab-scale reactions capable of at least 40 percent energy efficiency.

Metal hydride research will focus on designing and developing high-capacity metal hydride materials
that have the potential to meet the 2010 system targets and offer pathways to meet the 2015 system
targets. Following the FY 2007 materials down-select the research and development will continue to
focus on improving volumetric, gravimetric and transient performance of the materials. In addition,
engineering science investments will be continued to refine system performance projections based on
the best available materials. The milestone for FY 2008 is to reproducibly demonstrate advanced
metal hydrides at the lab-scale and update the system projections for volume and weight based on
materials chosen in the down-selection process.

Research on carbon-based materials and sorbents will continue to focus on innovative ways to store
hydrogen with lower binding energies as compared to metal hydrides and chemical hydrides. The
carbon research portfolio in FY 2008 will continue investments towards the planned FY 2009 down-
select decision point on advanced carbon-based materials. In addition to materials research,
investment will also include engineering science to update projections of system volume and weight
of a storage system based on the most promising materials in this category.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

Materials safety studies initiated in FY 2007 will be expanded to include a diverse set of material
safety properties, such as tolerance to exposure in moisture, generating critical information for a safe,
commercially viable storage technology. Independent testing to validate materials performance for
selected, promising materials will also be conducted. In storage systems analysis, the Storage
Systems Analysis Working Group (SSAWG) will continue its activities to rigorously assess the
different emerging storage technologies based on performance, cost, life-cycle energy efficiencies,
cost and environmental impact.

This subprogram is aligned with DOE’s assessment of hydrogen storage as one of the highest priority,
technically challenging barriers. These efforts will be coordinated with the Office of Science's efforts
on basic science for hydrogen storage.

In addition, these funds may be used to support efforts such as peer reviews; data collection and
dissemination; and technical, market, economic, and other analyses.

SBIR/STTR 0 969 1,229

In FY 2006, $498,000 and $62,000 were transferred to the SBIR and STTR programs respectively.
The FY 2007 and FY 2008 amounts shown are estimated requirements for the continuation of the
SBIR and STTR program.

Total, Hydrogen Storage R&D 26,040 34,620 43,900

Explanation of Funding Changes

FY 2008 vs.
FY 2007
($000)

Hydrogen Storage R&D

The majority of the requested increase in hydrogen storage supports competitive,
merit-reviewed, cost-shared R&D on materials-based hydrogen storage technologies by
industry, universities and Federal Laboratories (DOE National Laboratories, the Jet
Propulsion Laboratory, and the National Institute of Standards and Technology). The
research focuses on metal hydrides, chemical hydrogen storage, and carbon-based
materials, as well as initiation of engineering R&D of sub-systems and storage
materials safety for the overall storage systems planned for FY 2010 (+$5 million).

The increased funding will also support new awards from a solicitation for new
materials and concepts, including a hydrogen storage inducement prize (+$2.5 million)
as well as a new Center of Excellence on applied and engineering sciences for
hydrogen storage systems, to be competitively solicited, including industry, university,
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FY 2008 vs.
FY 2007
($000)

and National Laboratories (+$1.5 million). The Center of Excellence on engineering
science for overall storage systems will increase its emphasis on R&D of components
and engineering issues, including thermal management during refueling and hydrogen
release. These new projects, planned to start in FY 2008, will complement the work
being done at existing materials-based Centers of Excellence and in existing
independent projects. The planned additional funding supports critical R&D that is
required to meet the 2010 performance targets (2.0 kWh/kg and 1.5 kWh/l).

The R&D of materials-based hydrogen storage technologies is consistent with the

National Academies’ recommendations in their Hydrogen Economy report and is

supported by multiple RDIC factors: it is a Presidential priority; it addresses market

barriers (e.g., no current market) and provides a public benefit; it builds on existing

technology and complements current R&D in support of the DOE Hydrogen Posture

Plan; it incorporates industry involvement in planning, industry cost-sharing,

performance indicators, “off ramps” (such as a “no go” decision in the specific area of

pure single walled carbon nanotubes for room temperature hydrogen storage), and it is

competitively awarded and peer reviewed. +9,020

SBIR/STTR

Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. +260

Total Funding Change, Hydrogen Storage R&D +9,280
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Fuel Cell Stack Component R&D

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Fuel Cell Stack Component R&D 30,710 37,016 42,768
SBIR/STTR 0 1,066 1,232
Total, Fuel Cell Stack Component R&D 30,710 38,082 44,000

Description

For fuel cell vehicles to be competitive, fuel cell systems must become less expensive and more durable
than they are presently. The high cost and durability of polymer electrolyte membrane (PEM) fuel cell
stack components (polymer electrolyte membranes, oxygen reduction electrodes, advanced catalysts,
bipolar plates, etc.) currently are the biggest hurdles facing the adoption of complete fuel cell systems.
The National Academies recognized the importance of stack component R&D in their 2004
recommendation to focus the research on breakthroughs in fuel cell costs and materials for durability.
The program’s collaborative R&D efforts with industry, National Laboratories and academia are
focused on the critical technical barriers of cost, durability, efficiency, and overall performance of fuel
cell stack components for both transportation and stationary applications. The 2005 National
Academies’ report recommended an expanded activity and raised the priority of membrane R&D, new
catalyst systems, and electrode design (in collaboration with DOE’s Office of Basic Energy Sciences
(BES)). In particular, National Laboratories and other appropriate scientific centers will focus on failure
mechanisms, including a better understanding of the chemistry, physics and materials involved.
Technical targets established at the component level support the technology goals for fuel cell vehicles.

Benefits

Stack Component R&D supports the program’s mission by focusing on overcoming critical technical
barriers at the component level to improve overall fuel cell performance and durability, while lowering
cost. The improvements will help to make fuel cells competitive with conventional technologies so that
their potential benefits in energy security and environmental quality can then be realized.
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Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Fuel Cell Stack Component R&D 30,710 37,016 42,768

A key to meeting the program's goals for fuel cell systems will be developing proton-conducting
membranes that are low-cost, durable, and operate at low relative humidity (25-50 percent) over the
target temperature range (-20 to 120°C). These membranes must have good mechanical and chemical
stability under highly oxidizing conditions. In FY 2008, Stack Component R&D will evaluate
membranes operating at < 80 °C against 2010 targets and will complete initial startup tests of cells and
stacks from -20 °C. New experimental setup and diagnostic techniques will be developed to probe
properties of the fuel cell and characterize fuel cell operation. Degradation mechanisms for
fluorocarbon-based membranes operating at > 80 °C will be identified. Strategies to increase the
lifetime of hydrocarbon-type membranes operating at < 80 °C to more than 5,000 hours will be
developed.

The results from Basic Energy Science membrane and catalyst research projects feed into the Stack
Component projects. Membrane development activities such as exchange of materials and scientists
between countries will be coordinated through an International Partnership for the Hydrogen
Economy (IPHE) project.

The performance of membrane electrode assemblies (MEAs) in a single cell and short stacks will be
evaluated and compared to the 2010 targets. Transportation fuel cell system cost projections based on
achievement of 2010 and 2015 technical targets will be generated. The cost of a hydrogen-fueled

80 kW fuel cell power system based on current technology will be analyzed and compared to the

FY 2008 target of $70/kW. Models will be developed that relate the loss in performance (mV/hr at a
current density of 0.6 A/cm?) to a given concentration of impurity.

The size, weight and cost of bipolar plates must be reduced to meet specific power, power density and
cost targets. The program will continue to develop bipolar plates that offer at least 95 percent of the
in-stack performance that an equivalent stack using machined graphite plates would provide, while
costing significantly less than graphite plates and potentially offering greater durability.

Gas diffusion layers (GDLs) between the membrane electrode assembly and bipolar plates enhance
fuel cell performance and ease water management. Research will optimize the GDL physical
properties (conductivity and hydrophobicity) and pore structure and will improve GDL coatings.

Seals between bipolar plates ensure the purity and integrity of the fuel cell stack environment. In
FY 2008, Stack Components research will decrease the leak rate and increase the operating
temperature range of fuel cell seals.

In FY 2008, participation in the European Commission’s Fuel Cell Testing, Safety and Quality
Assurance Program will include evaluation of test protocols for global, harmonized fuel cell testing as
part of an IPHE project.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

In addition, these funds may be used to support efforts such as peer reviews; data collection and
dissemination; and technical, market, economic, and other analyses.

SBIR/STTR 0 1,066 1,232

In FY 2006, $787,000 and $98,000 were transferred to the SBIR and STTR programs respectively.
The FY 2007 and FY 2008 amounts shown are the estimated requirements for the continuation of the
SBIR and STTR program.

Total, Fuel Cell Stack Component R&D 30,710 38,082 44,000

Explanation of Funding Changes

FY 2008 vs.
FY 2007
($000)

Fuel Cell Stack Component R&D

The requested increase will allow examination of innovative concepts to simplify,
integrate or eliminate components or functions in fuel cell systems. Fuel cell
performance will be improved with alternative designs, materials, and configurations.

The fuel cell stack component R&D activity is consistent with the National

Academies’ recommendations and is supported by multiple RDIC factors: it is a

Presidential priority; it addresses market barriers and provides a public benefit; it

builds on existing technology and complements current R&D in support of the DOE

Hydrogen Posture Plan; it incorporates industry involvement in planning, industry

cost-sharing, performance indicators, "off ramps" (such as the shift after FY 2005 from

building full-scale S0kW fuel cell systems to focusing on materials and component

R&D), and it is competitively awarded and peer reviewed. +5,752

SBIR/STTR

Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. +166

Total Funding Change, Fuel Cell Stack Component R&D +5,918
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Technology Validation

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Technology Validation 33,301 39,400 29,874
SBIR/STTR 0 166 126
Total, Technology Validation 33,301 39,566 30,000

Description

Technology Validation includes both Fuel Cell Technology Validation and Hydrogen Infrastructure
Validation. This activity funds the Controlled Hydrogen Fleet and Infrastructure Demonstration and
Validation Project. The project is both a “Learning Demonstration” to manage the hydrogen and fuel
cell component and materials research and a validation of the technology under real-world operating
conditions against time-phased performance-based targets. This project is a 50/50 cost-shared effort
between the government and industry, including automobile manufacturers, energy companies,
suppliers, universities, and state governments. Extensive data will be collected on vehicles operating
on-road and during dynamometer testing. Validation of the hydrogen infrastructure includes
verification of hydrogen production cost and fill times while gaining experience in the safe operation of
stations.

Benefits

Technology Validation will provide the most accurate assessment of technology readiness and the risks
to success facing continued government and industry investment. To enable the automotive, energy and
utility industries to determine if technology readiness has been achieved, integrated vehicle and
infrastructure systems need to be validated and individual component targets need to be met under real-
world operating conditions. This activity will support the Hydrogen Technology Program’s mission by
providing critical statistical data to predict whether fuel cell vehicles can meet the 2015 targets of 5,000-
hour fuel cell durability, 300+ mile range hydrogen storage, and hydrogen fuel costs between $2.00 and
$3.00 per gallon gasoline equivalent (gge). Specifically, the program will validate the performance and
vehicle interfaces of hydrogen fuel cell vehicles to demonstrate a 250 mile range by 2008 and an
increase in durability from approximately 1,000 hours in 2003 (laboratory) to 2,000 hours by 2011 in a
vehicle fleet. (2,000 hours is equal to approximately 50,000 vehicle miles.). Technology Validation
also provides information in support of codes and standards development and for the development of
best practices regarding safety.
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Specifically, the research will enable validation of the parameters indicated in the table below.

Performance Targets to be Verified by the Technology Validation Subprogram

2004° 2005 2006 2007 2008 2009 2010 2011
Durability (hours)
Target 1,000
& (Projected)® 1,000 2,000
Actual (r?lsa(p)c)
Range (miles)
Target 250+

Actual
Cost of hydrogen production® ($/gge untaxed)
Target 3.60 3.00
Actual 3.60 3.60
Fill Time (minutes)
Target 5
Actual

Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Technology Validation 33,301 39,400 29,874

Five automobile manufacturers and energy company partnerships were selected in April 2004 to
design and construct hydrogen fuel cell vehicles and fueling stations to support “learning
demonstrations” in the Controlled Hydrogen Fleet and Infrastructure Technology Demonstration and
Validation Project. The primary goals are to validate progress towards the 2011 target of 2,000
hours fuel cell durability and 250+ mile range. The fuel cell vehicle technology validation effort
will quantify the performance, reliability, durability, maintenance requirements and environmental

* The program plan in effect in 2004 did not include quantitative targets for that year. The $3.60/gge includes co-production
of electricity and hydrogen fuel, and is only for limited testing.

> FY 2005 durability target was changed to 1,000 hours “projected” due to the delay in selecting projects from the Controlled
Hydrogen Fleet and Infrastructure Demonstration and Validation Solicitation.

¢ The validation activity will confirm the 2006 laboratory data for estimated hydrogen production costs in real world
conditions. Hydrogen production cost estimates use real world data and assume high equipment manufacturing volumes,
e.g., hundreds of units/year.

37
Energy Supply and Conservation/
Energy Efficiency and Renewable Energy/
Hydrogen Technology/Technology Validation Page 95 FY 2008 Congressional Budget



(dollars in thousands)

FY 2006 FY 2007 FY 2008

benefits of fuel cell vehicles under real world conditions and provide valuable information to
researchers to help refine and direct future R&D activities related to fuel cell vehicles.

In FY 2008, the Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project
will complete the fourth year of data collection on first generation vehicles, including chassis
dynamometer tests. This data collection will facilitate a better understanding of vehicle and
infrastructure interface issues of hydrogen fueled vehicles. An initial composite system efficiency
assessment and an interim evaluation of data collected from first-generation hydrogen-fueled
vehicles will be completed. Second generation vehicles, introduced in FY 2007, will begin their first
full year of testing with more advanced fuel cell and storage systems that will ultimately validate the
2011 fuel cell system durability and range targets.

To support fueling of the fuel cell vehicles, the partnerships will design and construct hydrogen
refueling stations and associated infrastructure using new hydrogen production technology to validate
whether the new technologies reach the 2009 target of $3.00/gge hydrogen (untaxed) with 68 percent
natural-gas-based well-to-pump efficiency.

The infrastructure efforts through FY 2008 will include installing and operating stations in Northern
and Southern California, Michigan, Washington, D.C., and Florida. Hydrogen production concepts
being demonstrated will explore viable options for the near and long term. Additional stations for
low-cost hydrogen production will be deployed by FY 2008 that will explore the use of local
distributed natural gas reformation plants, renewable systems, and mid-size natural gas reformation
plants with pipelines and mobile refueling systems to local distribution stations. High-efficiency
energy stations that co-produce electricity and hydrogen fuel for vehicles will be deployed as potential
low-cost fuel providers and early infrastructure options in FY 2008. Data relevant to key vehicle and
refueling interface issues such as refueling times, hydrogen purity impacts, energy efficiency of the
hydrogen generation plant, and plant availability and reliability will be produced and published to
provide a data base for system modelers.

In past budgets this funding was requested as two budget items: validation of fuel cell vehicles and
validation of hydrogen infrastructure, although the work was performed as an integrated project.

In FY 2006 the funding split was $22.912 million for fuel cell vehicles and $10.389 million for
infrastructure. In FY 2007 the split is $24.625 million for fuel cell vehicles and $14.775 million for
infrastructure. In FY 2008 funding is requested as a single budget item, but the anticipated
comparable split is approximately $15.933 million for fuel cell vehicles and $13.941 million for
infrastructure.

Activities will also include participation in the California Fuel Cell Partnership, through which field
evaluations of hydrogen fuel cell vehicles under real world conditions will continue to validate system
durability and performance. In addition, these funds may be used to support efforts such as peer
reviews; data collection and dissemination; and technical, market, economic, and other analyses.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

SBIR/STTR 0 166 126

In FY 2006, $164,583 and $12,500 were transferred to the SBIR and STTR programs respectively.
The FY 2007 and FY 2008 amounts shown are estimated requirements for the continuation of the
SBIR and STTR program.

Total, Technology Validation 33,301 39,566 30,000

Explanation of Funding Changes

FY 2008 vs.
FY 2007
($000)

Technology Validation

Funding for acquisition and testing of second-generation fuel cell vehicles is adequate
for current needs. We have acquired and are testing 69 demonstration vehicles to date
and will purchase and test 62 more in 2007 and 2008.

The Technology Validation Subprogram is supported by multiple RDIC factors: itis a

Presidential priority; it addresses market barriers and provides a public benefit; it

builds on existing technology and complements current R&D in support of the DOE

Hydrogen Posture Plan; it incorporates industry involvement in planning, industry

cost-sharing, performance indicators, and it is competitively awarded and peer

reviewed. -9,526

SBIR/STTR

Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. -40

Total Funding Change, Technology Validation -9,566
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Transportation Fuel Cell Systems

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Transportation Fuel Cell Systems 1,050 7,307 7,776
SBIR/STTR 0 211 224
Total, Transportation Fuel Cell Systems 1,050 7,518 8,000

Description

Transportation Fuel Cell Systems R&D conducts research, development and analyses that address key
barriers to fuel cell systems for transportation. Key system-level barriers addressed in this subprogram
include lack of compressor/expanders, sensors, water-management devices, and heat exchangers that
meet automotive packaging and cost requirements of the fuel cell system. Because of the increased
ability of industry to develop complete systems, Transportation Fuel Cell Systems R&D does not
develop complete, integrated systems for transportation applications. Instead, Transportation Fuel Cell
Systems R&D supports the development of individual component technologies critical to systems
integration as well as systems-level modeling activities that serve to guide R&D, benchmark systems
progress, and explore alternate systems configurations on a cost-effective basis. Other activities include
studies that appraise the status of critical metrics (such as cost) and evaluate water and thermal
management strategies. Transportation Fuel Cell Systems R&D also supports limited development of
fuel cells for vehicle Auxiliary Power Units (APUs) for automotive or heavy vehicle applications and
fuel cells for portable power applications. Fuel cell issues such as vibration, dust, and contaminants that
could have a deleterious effect on stack performance and life are also addressed in this subprogram

Benefits

Transportation Fuel Cell Systems R&D supports the program’s mission by improving performance and
durability, while lowering the cost of components and materials, and optimizing operating strategies that
enable the widespread use of fuel cells. The improvements will help to make fuel cells competitive with
conventional technologies so that their potential benefits in energy security and environmental quality
can then be realized.

Research activities for transportation applications (including transportation systems and stack
component R&D) will reduce the cost of the hydrogen-fueled, 80 kW vehicle fuel cell power systems as
indicated below".

* Cost of 80 kW vehicle fuel cell power systems estimated for production rate of 500,000 units yearly and includes fuel cell
stack, balance of plant, and hydrogen storage.
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Cost of Hydrogen-Fueled, Vehicular Fuel Cell Power System
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Detailed Justification

2012

(dollars in thousands)

FY 2006 FY 2007

FY 2008

Transportation Fuel Cell Systems

1,050 7,307

7,776

In FY 2008, fuel cell system cost and trade-off analyses will be conducted to support technology
readiness. Scenarios for operating fuel cell systems at low relative humidity and under sub-freezing

conditions will be evaluated.

By FY 2008, a go/no-go decision will determine whether to initiate further development of

compressor/expander technology.

Fuel cell thermal and water management research projects will continue to explore novel means to
increase performance and efficiency, while decreasing size, weight and cost of heat exchangers,
humidifiers and other balance of plant devices needed to manage the heat and water generated in the

fuel cell system.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

Fuel cell systems for portable power are being developed as an early market application where the
market accepts a higher cost per kilowatt. Commercialization of fuel cells for portable power will aid
in developing the manufacturing base and will introduce the technology to consumers, thus paving the
way for fuel cell systems being used in other applications. In FY 2008, existing research for portable
power applications will be completed and the performance will be evaluated against 2010 targets.

Fuel cell systems for auxiliary power in heavy duty trucks are being developed as alternate power
supplies to avoid idling the diesel engine to provide overnight power to the cab Fuel-cell Auxiliary
Power Units (APUs) would operate using hydrogen from diesel reformed on-board. The development
of fuel-cell APUs will feed new technologies into the Vehicle Technologies program's 21st Century
Truck initiative. Solid-oxide fuel cell (SOFC) technology is being explored for these APU
applications, and its development is conducted in coordination with the Office of Fossil Energy’s
Solid Oxide Fuel Cell R&D effort. FE is responsible for developing improved solid-oxide stack
materials, and they also have responsibility for stationary SOFC applications. Hydrogen Technology
has responsibility for developing prototype SOFC systems at the smaller size appropriate for APU
applications, and EERE's Vehicle Technologies program will be responsible for vehicle system
integration.

In FY 2008 the Hydrogen Technology program will complete the assembly of an APU solid-oxide
fuel cell stack and reformer, and an APU system will be tested and evaluated in the lab and on the
road in cooperation with the Vehicle Technologies program. This activity will also develop a system
to protect the fuel cell from air contaminants such as particulates and chemical aerosols.

Various pathways to lower fuel cell system cost by improving one or more system parameters will be
investigated. Examples of these potential pathways include: ambient vs. pressurized stack operation,
high-temperature/low-humidity operation, advanced membranes, alternate stack constructions, and
alternate compression mechanisms.

In addition, these funds may be used to support efforts such as peer reviews; data collection and
dissemination; and technical, market, economic, and other analyses.

SBIR/STTR 0 211 224

In FY 2006, $27,000 and $3,000 were transferred to the SBIR and STTR programs respectively. The
FY 2007 and FY 2008 amounts shown are the estimated requirements for the continuation of the
SBIR and STTR program.

Total, Transportation Fuel Cell Systems 1,050 7,518 8,000
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Explanation of Funding Changes

FY 2008 vs.
FY 2007
($000)

Transportation Fuel Cell Systems

This increase will expand fuel cell system cost and trade-off analyses including ambient
vs. pressurized stack operation, high-temperature/low-humidity operation, advanced
membranes, alternate stack constructions, and alternate compression mechanisms.

The Transportation Fuel Cell Systems Subprogram is supported by multiple RDIC

factors: it is a Presidential priority; it addresses market barriers and provides a public

benefit; it builds on existing technology and complements current R&D in support of the

DOE Hydrogen Posture Plan; it incorporates industry involvement in planning, industry

cost-sharing, performance indicators, and "off ramps" (such as the upcoming go/no-go

decision point in the second quarter of FY 2008 on whether to initiate new R&D

activities in the area of compressor/expander technology development) and it is

competitively awarded and peer reviewed. +469

SBIR/STTR

Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. +13

Total Funding Change, Transportation Fuel Cell Systems +482
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Distributed Energy Fuel Cell Systems

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Distributed Energy Fuel Cell Systems 939 7,242 7,516
SBIR/STTR 0 177 184
Total, Distributed Energy Fuel Cell Systems 939 7,419 7,700

Description

Distributed Energy Systems supports development of high-efficiency Polymer Electrolyte Membrane
fuel cell power systems as alternative power sources to grid-based electricity for buildings and other
stationary applications. Distributed Energy Systems research focuses on overcoming the barriers to
stationary fuel cell systems, including cost, durability, heat utilization, start-up time, and managing
power transients and load-following requirements. Improved heat usage and recovery are addressed for
combined heat and power generation to maximize overall efficiency of (thermal and electrical) systems.
This subprogram also takes advantage of the synergy between transportation systems and distributed
energy systems, particularly in the areas of developing improved materials for high-temperature
membranes and improving fuel cell component durability. While the National Academies
recommended that the DOE discontinue the PEM applied R&D program for stationary systems, DOE
has elected to continue this work because of the synergy between transportation and stationary
applications in this area, and has provided an explanation to the National Academies. In addition, DOE
has established a go/no-go milestone for the distributed energy systems activity in 2011, which will
determine whether DOE believes funding is appropriate after 2011.

Benefits

Distributed Energy Systems R&D supports the program’s mission by focusing on overcoming barriers
to stationary fuel cell systems, including improving durability and performance, while lowering cost to
enable the widespread use of fuel cells in distributed energy and other small stationary applications.
The improvements will help to accelerate commercialization of fuel cells by achieving an ultimate
durability requirement of 40,000 hours and cost range of $400-$750 per kW, making fuel cells
competitive with conventional technologies.

Research activities will improve the electrical efficiency of 5-250kW stationary fuel cell systems fueled
by natural gas, liquefied petroleum gas (LPG), or biomass-derived fuels. Specifically, stationary fuel
cell R&D activities will increase the electrical efficiency of these systems as indicated in the
performance indicator graph below.
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Electrical Efficiency of Stationary Fuel Cell Systems
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Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Distributed Energy Fuel Cell Systems 939 7,242 7,516

In FY 2008, the development of a prototype 50 kW stationary fuel cell power system will be
completed and demonstrated in a commercial application. Research and development to increase the
durability of a 5-250kW stationary fuel cell system will be conducted. Durability of membranes will
be improved to move towards the 2011 durability target of 40,000 hours. The development of a 150
kW stationary fuel cell power system will be completed, and PEM stack components and power plant
design concepts will undergo field evaluations. The development of critical balance of plant
components for stationary fuel cells will continue. An international and an intergovernmental
stationary fuel cell project will continue in support of the IPHE and the Hydrogen Interagency Task
Force.

In addition, these funds may be used to support efforts such as peer reviews; data collection and
dissemination; and technical, market, economic, and other analyses.

* No change in 2006: virtually all work is deferred due to congressionally directed funding and reduced total funding.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

SBIR/STTR 0 177 184

In FY 2006, $20,417 and $2,500 were transferred to the SBIR and STTR programs respectively. The
FY 2007 and FY 2008 amounts shown are the estimated requirements for the continuation of the
SBIR and STTR program.

Total, Distributed Energy Fuel Cell Systems 939 7,419 7,700

Explanation of Funding Changes

FY 2008 vs.
FY 2007
(3000)

Distributed Energy Fuel Cell Systems

This increase supports the intergovernmental stationary fuel cell demonstration.

The Distributed Energy Systems Subprogram is supported by multiple RDIC factors: it

addresses market barriers and provides a public benefit; it builds on existing technology

and complements current R&D in support of the DOE Hydrogen Posture Plan; it

incorporates industry involvement in planning, industry cost-sharing, performance

indicators, and "off ramps" (such as the planned go/no go decision point in 2011); and it

is competitively awarded and peer reviewed. +274

SBIR/STTR

Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. +7

Total Funding Change, Distributed Energy Fuel Cell Systems +281
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Fuel Processor R&D

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Fuel Processor R&D 637 3,942 2,916
SBIR/STTR 0 114 84
Total, Fuel Processor R&D 637 4,056 3,000

Description

Fuel Processor R&D develops fuel processors for integrated stationary applications and fundamental
catalysts suitable for a variety of fuel processing applications. Fuel processing technology can be fuel-
flexible — capable of processing multiple fuels — such as methanol, ethanol, biomass derived liquids,
natural gas, propane or diesel — into hydrogen.

Benefits

Fuel Processor R&D supports the program’s mission by developing the subsystem that aids the
widespread use of fuel cell power technology in stationary applications. Processing fuels, such as
natural gas, propane, methanol, ethanol, biomass derived liquids, or diesel, will enable environmental
and efficiency advantages of hydrogen fuel cell technologies to be realized in an integrated fuel cell
system. The option of using a diversity of fuels to produce hydrogen to power fuel cells will be a
significant contributor to energy independence. The technologies for distributed hydrogen production
may also prove applicable to integrated fuel flexible stationary fuel cell systems.

Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Fuel Processor R&D 637 3,942 2,916

In FY 2008, the program will initiate development of a fuel-flexible (ethanol, propane, diesel,
biodiesel, natural gas, kerosene, etc) stationary fuel processor in a partnership between the U.S. and
other International Partnership for the Hydrogen Economy (IPHE) countries, with the goal of
achieving 99.9 percent hydrogen purity and increased reformer efficiency.

Exploratory R&D to improve understanding of reforming reaction mechanisms, catalyst deactivation,
and sulfur poisoning will also be undertaken. The program will develop technology to reduce sulfur
content in reformate, to continue development of advanced fuel processing catalysts that meet
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

performance requirements for distributed generation applications, to define operating parameters to
optimize catalyst performance and life, and to research ways to increase the use of base-metal
catalysts to reduce the cost of fuel processors.

SBIR/STTR 0 114 84

In FY 2006, $15,000 and $2,000 were transferred to the SBIR and STTR programs respectively.
The FY 2007 and FY 2008 amounts shown are the estimated requirements for the continuation of
the SBIR and STTR program.

Total, Fuel Processor R&D 637 4,056 3,000

Explanation of Funding Changes

FY 2008
vs. FY 2007
($000)

Fuel Processor R&D

This decrease reflects a ramp-down of funding for stationary fuel processors as

stationary fuel cells approach their 2011 go/no-go decision. Fuel processor R&D for

vehicle applications has already been completed, and fuel cell development for vehicle

applications is now focused on direct hydrogen-fueled fuel cells. Fuel processor efforts

in FY 2008 and beyond will be only what is necessary to support stationary fuel cells as

they reach for their 2011 technical goals and the go/no-go decision on further

development after that. -1,026

SBIR/STTR

Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. 230

Total Funding Change, Fuel Processor R&D -1,056
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Safety and Codes and Standards

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Safety and Codes and Standards 4,595 13,460 15,552
SBIR/STTR 0 388 448
Total, Safety and Codes and Standards 4,595 13,848 16,000

Description

The Safety and Codes and Standards subprogram funds research to provide the technical data on
hydrogen technologies (such as fuel cells and hydrogen production, storage, and distribution systems)
that is necessary to support and inform the codes and standards development process. Its work in

FY 2008 includes fundamental studies to determine the flammability, explosive, reactive, and dispersion
properties of hydrogen. It will also subject components, subsystems, and systems to environmental
conditions that could result in failure in order to check design practices and failure-mode prediction
analysis. Once the critical failure modes and safety issues for hydrogen and fuel cell technologies are
identified, this technical data will be provided to the appropriate codes and standards developing
organizations (e.g., International Code Council, National Fire Protection Association) to write and
publish applicable codes and standards for hydrogen production and delivery processes as well as for
hydrogen storage and fuel cell systems for both transportation and stationary applications. The DOE
will not be involved directly in writing codes and standards, but instead will facilitate the development
of these standards through R&D and support for appropriate technical representation in working groups.
Safety-related information will be disseminated through a hydrogen incident and safety bibliographic
database, publication and presentation of safety-related R&D results, and reports on investigations of
hydrogen-related incidents. The subprogram will also support the development of passive and active
safety systems based on new sensor technologies, and will fund comprehensive safety analysis of
hydrogen components and systems. DOE and DOT will closely coordinate hydrogen safety and
codes/standards development activities.

Benefits

Wide acceptance of hydrogen technologies depends on meeting safety standards in which the public has
confidence. This requires a comprehensive and defensible database on component reliability and safety
to enable the publishing of performance-based domestic standards and international standards or
regulations that will allow the technologies to compete in a global market. This activity supports the
Hydrogen Technology Program’s mission by providing the critical data needed to write and adopt
standards, and the safety criteria and systems that meet or exceed current technologies, and will
eventually lead to new Federal Motor Vehicle Safety Standards for fuel cell vehicles issued by the
Department of Transportation.
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Activities under Safety and Codes and Standards will facilitate and provide data to support the
establishment of a global technical regulation for hydrogen and fuel cell vehicles and infrastructure.

Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Safety and Codes and Standards 4,595 13,460 15,552

The program will support the drafting and adoption of hydrogen codes and standards through the
development of hydrogen characterization and behavior data and through limited direct support of
Standards Development Organizations (SDOs) and Codes Development Organizations (CDOs).
Hydrogen release data and incident scenario analysis will support codes and standards development
activities focused on enabling technology readiness. DOE will collaborate with DOT, EPA, NIST and
other government agencies to ensure that hydrogen codes and standards development proceeds in
agreement with existing regulatory authorities. The cooperating agencies will maximize available
resources and expertise in areas such as hydrogen dispensing measurement (NIST), vehicle safety
(DOT National Highway Traffic Safety Administration) and international standards development
(DOT, EPA).

DOE will begin drafting a handbook on Best Practices for Safety, which will provide guidance for
ensuring the safe use of hydrogen, to be published in 2008. This will be a living document that
compiles “lessons learned” from safety reviews and incident analysis. The handbook will also
compile hydrogen safety information available from other resources such as state and international
hydrogen programs.

DOE will compile and update a hydrogen incident database. The Hydrogen Safety Review Panel will
continue to monitor the safety of DOE hydrogen projects. The Panel will conduct site visits,
interviews and safety plan reviews of DOE projects.

The Safety and Codes and Standards subprogram will design and build safety training devices that
enable firefighters and first responders to conduct “hands on” training related to likely hydrogen fuel
safety incidents. The resources and expertise available at the Volpentest HAMMER Training and
Education Center will be leveraged in the development of mobile and stationary training devices, also
known as “props,” which will be designed to simulate devices such as hydrogen bulk storage, fuel

dispensing and piping systems. These training devices will be used as part of a comprehensive
training program developed in collaboration with the Hydrogen Technology program Education
activity. The program's training efforts will target fire marshals, code officials, first responders and
other stakeholders.

The program will conduct an analysis of potential accident scenarios to identify both potential
hydrogen systems weaknesses and the R&D required to improve systems safety. The scenarios report
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

will also help guide a risk analysis effort that uses Probabilistic Risk Analysis (PRA) and Failure
Modes Effects Analysis (FMEA) methods to quantitatively estimate hydrogen systems risk. Risk
assessment activities will provide information to guide the codes and standards development process.
This information also will be made available to key industry stakeholders such as fuel providers and
the insurers.

FY 2008 funding will also support the development of computational fluid dynamics models to
support the risk assessment activities for fueling, production infrastructure, and vehicle operation in
tunnels and garages.

The program will conduct comprehensive R&D to provide critical data and develop a database to
characterize the properties of releases of hydrogen when impeded by obstacles/equipment for input
into calculation of code on setback distances.

Practical tests to be performed in FY 2008 include high-pressure refueling tests to determine optimal
temperature and flow rate characteristics and verification tests of systems components (e.g., valves,
regulators) to determine their performance relative to appropriate component standards and to
highlight areas where existing standards or equipment need to be changed.

In FY 2008 the program will quantify the effects of hydrogen contaminants on system components to
support development of a hydrogen quality standard, and it will also develop analytical methods to
allow verification of hydrogen purity on a cost-effective basis. Hydrogen metering technologies will
also be supported to allow accurate measurement of delivered hydrogen.

In addition, these funds may be used to support efforts such as peer reviews; data collection and
dissemination; and technical, market, economic, and other analyses.

SBIR/STTR 0 388 448

In FY 2006, $117,000 and $15,000 were transferred to the SBIR and STTR programs respectively.
The FY 2007 and FY 2008 amounts shown are estimated requirements for the continuation of the
SBIR and STTR program.

Total, Safety and Codes and Standards 4,595 13,848 16,000
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Explanation of Funding Changes

FY 2008 vs.
FY 2007
($000)

Safety and Codes and Standards

The increase will fund studies necessary to determine the flammability, explosive,
reactive, and dispersion properties of hydrogen in FY 2008. These studies are critical to
establish the underlying basis for codes and standards.

Development of on-board and off-board hydrogen leak detection technologies such as
sensors will be started, while the cost of risk analyses will be reduced by conducting
them in a more qualitative manner.

The Safety and Codes and Standards subprogram is supported by multiple RDIC

factors: it addresses market barriers and provides a public benefit; it builds on existing

activities and complements current efforts in support of the DOE Hydrogen Posture

Plan; it incorporates industry involvement in planning, industry cost-sharing,

performance indicators, and it is competitively awarded and peer reviewed. 12,092

SBIR/STTR

Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. +60

Total Funding Change, Safety and Codes and Standards +2,152
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Education

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Education 481 1,923 3,791
SBIR/STTR 0 55 109
Total, Education 481 1,978 3,900

Description

Education activities are designed to increase understanding of hydrogen and fuel cell technologies, the
facts about hydrogen safety, and the role that certain key target audiences can play in advancing the
development and use of hydrogen as an energy carrier. Target audiences, identified by key government
and industry stakeholders in the National Hydrogen Energy Roadmap, include state and local
government representatives, safety and code officials, potential end-users, and the public. Over the long
term, education of teachers and students will also be required. The education activity responds to the
President’s National Energy Policy recommendation to the Secretary of Energy to develop an education
campaign that communicates the benefits of alternative energy, including hydrogen. The Energy Policy
Act of 2005 also calls for enhanced education relating to hydrogen and fuel cells, including activities in
conjunction with hydrogen demonstrations to raise awareness among the public, information exchange
to facilitate the development and adoption of codes and standards, and support for institutes of higher
education.

Benefits

Education aids in overcoming institutional barriers to widespread use of hydrogen. DOE’s 2004
Hydrogen Baseline Knowledge Assessment measured the technical knowledge and opinions of
hydrogen among key target audiences, including the public. This national, statistically-valid survey was
developed to help guide the program’s hydrogen education activities and provide a baseline from which
to measure changes over time. The 2004 baseline results show a direct correlation between technical
understanding and opinions about the safe use of hydrogen — across all surveyed populations,
respondents who scored lower on technical knowledge questions about hydrogen fuel cell technology
also expressed the greatest fear about the use of hydrogen as an energy carrier. With an emphasis on
hydrogen safety, near-term education activities will enable not only the successful implementation of
early hydrogen demonstration projects, but also future market adoption and acceptance, which are
required to realize the long-term benefits of using hydrogen as an energy carrier.

State and local governments lay the foundation for long-term change and, with safety and code officials,
facilitate the adoption of appropriate codes and approve hydrogen project installations. As they are with
other commonly-used fuels, safety officials and emergency responders must be trained to handle
potential hydrogen incidents. Public misunderstanding and false perceptions about the safe use of
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hydrogen threaten the implementation of near-term hydrogen fueling station demonstrations, as well as
the success of a future hydrogen economy. Education can overcome these significant challenges and
build public confidence in hydrogen and the safe use of hydrogen as an energy carrier. In addition,
hydrogen education at universities will ensure the availability of scientists and engineers needed for
critical near-term research in government, industry, and academia, as well as foster development of a
trained workforce required to maintain hydrogen fuel cell equipment in the future. Over the long term,
hydrogen education can engage younger students in the study of science and technology and enable an
informed first-generation of hydrogen technology users.

Hydrogen Education Survey Targets®

2004 2005 2006 2007 2008 2009 ° 2012°
State and local
government 73% (10% 80% (20%
representatives 66% increase) increase)

38% (15%  43% (30%

General public 33% increase) increase)
50% (15%  57% (30%

End users* 44% increase) increase)
35% (10%  38% (20%

Students 32% increase) increase)

Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Education 481 1,923 3,791

The Education subprogram will collaborate with Safety and Codes and Standards to develop and
expand the availability of hydrogen training for first responders to facilitate the approval and
implementation of hydrogen demonstration projects. The target audiences include fire fighters, police,
and emergency medical technicians, as well as code officials, fire marshals, city planners, and other

* The 2004 Hydrogen Baseline Knowledge Assessment measured key target audiences’ understanding of hydrogen
technologies. The results provide a baseline from which to evaluate future increases in knowledge. Modified targets reflect
analysis of the results; target dates have been shifted because Education activities were not funded as originally expected.
The baseline and outyear targets are a population’s average score on technical knowledge questions. Target increases refer
to an increase in the average number of correct answers relative to the 2004 baseline.

" The target increases for state and local government officials were determined according to a higher baseline (average score
on technical questions). The target increases for students reflect near-term program priorities and interest in educating this
target audience over the long term.

¢ Survey for this target audience includes safety and code officials.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

hydrogen users. Education activities will leverage training resources available at the Volpentest
HAMMER Training and Education Center. In FY 2008 the subprogram will complete the
development of hydrogen training for code officials and will work with partners to make it available to
a national audience through distance learning and in-person "train-the-trainer" courses. The
subprogram will also build on prior-year efforts by working with partners to expand the availability of
introductory hydrogen safety training for first responders and to develop the next, more advanced level
of responder safety training modules that will incorporate the use of hands-on training devices or props.

In cooperation with automotive and energy industry partners involved in hydrogen infrastructure
validation projects, the program will conduct activities to educate the public and key target audiences
in communities where new hydrogen fueling stations will be implemented. The subprogram will
develop and conduct targeted outreach, including training seminars, to educate the community and
build public familiarity and confidence with the safe use of hydrogen as an energy carrier.

The Education subprogram will also work in partnership with state hydrogen and fuel cell initiative
leaders and state energy offices to expand the availability of training opportunities for state and local
government officials. Training will include “Hydrogen 101" overview workshops as well as more
intensive “hydrogen energy institute” seminars to help ensure an understanding of hydrogen
technologies, hydrogen safety issues, and opportunities to facilitate the emergence of a new energy
economy.

In support of the Hydrogen Program’s overall market transformation efforts and related provisions in
the Energy Policy Act of 2005, the Education subprogram will fund new activities to educate potential
end users in early markets for hydrogen and fuel cell applications. In collaboration with related DOE
programs, the Education subprogram will develop new resources and reach out to potential end users
with technically-accurate and objective information to help them make informed decisions about near-
term opportunities for early adoption.

The Education subprogram will also fund new efforts to develop and expand hydrogen and fuel cell
undergraduate and graduate programs at universities and to train the future workforce of scientists and
engineers needed for hydrogen fuel cell research in government, industry, and academia. These efforts
will be coordinated with leading universities in other countries through the International Partnership for
the Hydrogen Economy. The subprogram will also ramp up prior-year efforts to develop classroom
guides and hands-on activities for middle and high school students, and will provide training and
professional development for teachers, whose understanding of the technology is critical to the
successful introduction of the subject to their students in the classroom.

In addition, these funds may be used to support efforts such as peer reviews; data collection and
dissemination; and technical, market, economic, and other analyses.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

SBIR/STTR 0 55 109

In FY 2006, $12,000 and $2,000 were transferred to the SBIR and STTR programs respectively. The
FY 2007 and FY 2008 amounts shown are estimated requirements for the continuation of the SBIR
and STTR program.

Total, Education 481 1,978 3,900

Explanation of Funding Changes

FY 2008 vs.
FY 2007
($000)

Education

In support of the Hydrogen Program’s overall market transformation effort and related
provisions in the Energy Policy Act of 2005, the increase will fund new activities to
educate potential end users in early markets for hydrogen and fuel cell technologies.
The requested increase will also support efforts to develop and expand university
programs, as well as ramp up secondary school teacher professional development
activities, that will help build the cadre of educated graduates needed to support
research and development efforts in government, industry, and academia.

The Education subprogram is supported by multiple RDIC factors: it is a Presidential

priority; it addresses market barriers and provides a public benefit; it builds on existing

activities and complements current efforts in support of the DOE Hydrogen Posture

Plan; and it is competitively awarded and peer reviewed. +1,868

SBIR/STTR

Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. 154

Total Funding Change, Education +1,922
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Systems Analysis

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Systems Analysis 4,787 9,615 11,178
SBIR/STTR 0 277 322
Total, Systems Analysis 4,787 9,892 11,500

Description

The Systems Analysis subprogram supports the development of independent systems analysis and
independent evaluation functions consistent with the recommendations of the National Academies. One
of the findings of the Academies’ report on hydrogen states, “The effective management of the
Department of Energy Hydrogen Program will be far more challenging than any activity previously
undertaken on the civilian energy side of the DOE.” The Academies also recommend that a systems
analysis capability be established to identify the impacts of various hydrogen technology pathways,
assess associated cost elements and drivers, identify key costs and technological gaps, evaluate the
significance of actual research results, and assist in the prioritization of research and development
directions. The Systems Analysis subprogram provides the analytical and technical basis for
understanding the development of a hydrogen infrastructure and supports informed decision-making
with regard to research and development direction and prioritization.

Benefits

Systems Analysis is an essential component of the Hydrogen Technology program in terms of
understanding and assessing technology needs and progress, potential environmental impacts, and the
energy-related economic benefits of various hydrogen supply and demand pathways. This analysis is
done to directly support program decision-making, planning and budgeting, and interactions with other
energy domains. In addition, the results support the annual updates to key planning documents,
including the Hydrogen Posture Plan, which describes the current direction and the planned milestones
for the DOE Hydrogen Program.

Energy Supply and Conservation/
Energy Efficiency and Renewable Energy/
Hydrogen Technology/Systems Analysis Page 115 FY 2008 Congressional Budget



Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Systems Analysis 4,787 9,615 11,178

Systems Analysis provides the analytical and technical basis for understanding how hydrogen can
perform a significant role in transportation and other sectors and supports informed decision-making
with regard to research and development direction and prioritization. The subprogram will build on
the efforts of FY 2007 to examine the details of hydrogen supply and demand associated with how
vehicle market penetration and hydrogen production and delivery might evolve. In FY 2008, the
subprogram will complete and validate the new analytical models and tools developed in FY 2007.
The new models, combined with existing systems analysis models, will enable the program to identify
resource limitations, production options for hydrogen supply, the hydrogen supply evolution, delivery
restrictions and the potential environmental impacts of wide scale commercialization.

Building on efforts initiated in 2007 to develop the Macro System Model to provide overarching and
hierarchal economic analysis for the program, additional linkages will be developed in FY 2008 for
the Macro System Model to provide analytical capabilities for higher-level economic analysis in the
near- and mid-term. This analysis supports the National Academies’ recommendation (in The
Hydrogen Economy: Opportunities, Costs, Barriers, and R&D Needs, February 2004) to evaluate a
transition phase consistent with developing the infrastructure and hydrogen resources.

In collaboration with the Technology Validation and Hydrogen Production and Delivery R&D
Subprograms, the Systems Analysis subprogram will:

» Validate the models utilized for program analysis with emerging cost, performance, yield and
environmental information from demonstration programs, independent reviews, and research
projects. Model experts and project representatives will perform required model maintenance to
improve model capabilities and representation of actual technology performance.

» Develop and update models for new renewable production and delivery technologies based on the
results of technology research and development.

= Determine the relationship between hydrogen purity changes and production cost among all key
program elements of Production and Delivery, Storage, Fuel Cells and Safety and Codes and
Standards. Evaluate the purity/cost relationship for various pathways and technologies and the
impact of hydrogen purity on fuel cell performance.

» Provide system analysis support and input for all the program elements such as go/no-go
decisions.

* Provide analysis of CO; sequestration effects by working with the Carbon Sequestration program
within the Office of Fossil Energy.

» Update and maintain the Analysis Portfolio, the prioritized analysis list, and the Hydrogen
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

Analysis Resource Center database, which were all developed in FY 2005 to insure analysis
consistency and transparency. The program will also update the Systems Analysis Plan, Technical
Requirements Document and the Posture Plan.

The research results and validation data of the Production and Delivery, Storage, Fuel Cells and
Technical Validation program elements will be used in the benefits analysis of reducing petroleum
dependency and greenhouse gas emissions.

In FY 2008, Systems Analysis subprogram will fund analysis of mid-term and long-term well-to-
wheels, hydrogen pathways and cross-cutting issues including examination of benefits. The cross-
cutting analysis will identify the infrastructure limitations of the rail and pipeline systems for
delivering resources for hydrogen production systems and will identify the feedstock availability and
water resource limitations for hydrogen production for various pathways. The analysis of the
hydrogen purity/cost relationship on the impact on production pathways and fuel cell performance
will be accelerated.

In addition, these funds may be used to support efforts such as peer reviews; data collection and
dissemination; and technical, market, economic, and other analyses.

SBIR/STTR 0 277 322

In FY 2006, $123,000 and $15,000 were transferred to the SBIR and STTR programs respectively.
The FY 2007 and FY 2008 amounts shown are estimated requirements for the continuation of the
SBIR and STTR program.

Total, Systems Analysis 4,787 9,892 11,500

Explanation of Funding Changes

FY 2008 vs.
FY 2007
($000)

Systems Analysis

Mid-term and long-term well-to-wheels analysis will be conducted. Hydrogen
pathways and cross-cutting issues including examination of benefits through “well-to-
wheels” analysis will be expanded. The analysis of the purity/cost relationship on the
impact on production pathways and fuel cell performance will be accelerated.

The systems analysis subprogram is consistent with the National Academies’

recommendations and is supported by multiple RDIC factors: it is part of a Presidential

priority; it builds on existing technology and complements current R&D in support of

the DOE Hydrogen Posture Plan; and it is competitively awarded and peer reviewed. +1,563
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FY 2008 vs.

FY 2007
($000)
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. +45
Total Funding Change, Systems Analysis +1,608
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Manufacturing R&D

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Manufacturing R&D 0 1,923 4,860
SBIR/STTR 0 55 140
Total, Manufacturing R&D 0 1,978 5,000

Description

The Manufacturing R&D subprogram will support the development of manufacturing processes in
parallel with technology development critical for hydrogen and fuel cell components and systems. The
program’s activities will address the challenges of moving today's laboratory-produced technologies to
high-volume, commercial manufacturing, thereby driving down the cost of hydrogen and fuel cell
systems. Research will be conducted in coordination with the Department of Commerce and the White
House Office of Science and Technology Policy’s Interagency Working Group on Manufacturing R&D.
The subprogram will address an array of fabrication and process techniques amenable to high volume
production of fuel cells, hydrogen production, delivery, and storage components and systems. A
research and development technology roadmap has been developed with industry to identify critical
technology development needs for high volume manufacturing of fuel cell and hydrogen systems. The
subprogram's initial focus will be manufacturing processes and techniques that are synergistic in terms
of cross-cutting applications, such as high volume membrane fabrication techniques for both fuel cell
stacks and electrolyzers.

Benefits

Manufacturing R&D supports the mission of the Hydrogen Technology Program by developing
advanced fabrication and process technologies to meet the cost targets of critical hydrogen and fuel cell
technologies. These activities will help realize fuel cell and hydrogen system costs that are equivalent to
internal combustion engines and gasoline. The manufacturing technology research will focus on
enabling technology readiness.
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Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Manufacturing R&D 0 1,923 4,860

In FY 2008, the subprogram will significantly expand its collaborative research efforts involving
universities, industry, and National Laboratories in the development of fabrication processes
amenable to low-cost, high-volume manufacturing. Near-term activities will encompass research and
development of technologies critical to an early start-up of high-volume commercialized products,
such as: 1) membrane-electrode assemblies and gas diffusion layers for fuel cells, 2) distributed
production systems and components, and 3) vessels for hydrogen storage and dispensing. Specific
manufacturing research and development projects will be identified as technology roadmaps are
updated.

In addition, these funds may be used to support efforts such as peer reviews; data collection and
dissemination; and technical, market, economic, and other analyses.

SBIR/STTR 0 55 140

The FY 2007 and the FY 2008 amounts shown are the estimated requirements for the continuation of
the SBIR and STTR program.

Total, Manufacturing R&D 0 1,978 5,000

Explanation of Funding Changes

FY 2008 vs.
FY 2007
($000)

Manufacturing R&D

The increase will be used to ramp up manufacturing R&D projects initiated in

FY 2007. The focus will be on technologies critical to an early start-up of high-
volume, low-cost commercialized products, such as membrane-electrode assemblies for
fuel cells and electrolyzers, distributed hydrogen production technologies, carbon fiber
for storage tanks, and storage dispensing systems.

The Manufacturing R&D Subprogram is consistent with the National Academies’

recommendations and is supported by multiple RDIC factors: it is a Presidential

priority; it builds on existing technology and complements current R&D in support of

the DOE Hydrogen Posture Plan; it incorporates industry involvement in planning,

industry cost-sharing, performance indicators, and it is competitively awarded and peer

reviewed. +2,937
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FY 2008 vs.

FY 2007
($000)
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. +85
Total Funding Change, Manufacturing R&D +3,022
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Congressionally Directed Activities

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Congressionally Directed Activities 42,520 0 0
Total, Congressionally Directed Activities 42,520 0 0

Description

In FY 2006, there were 28 Congressionally directed activities funded out of the Hydrogen Technology
Program. In general, such activities do not support program goals because they are not well-aligned
with established research pathways or focused on overcoming the technical barriers as identified in the
program’s detailed planning documents. As such, the program does not request any funds to continue
these projects.

Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

In FY 2006, there were 28 Congressionally Directed activities funded out of the Hydrogen
Technology Program. The program does not request any funds to continue these projects as they do
not further the achievement of DOE’s goals.

The following projects were directed by Congress to be included in this program:

Hydrogen Fuel Cell Project Edison Materials
Technology 2,475 0 0

A solicitation was issued and eight projects are being negotiated that include a range of topics from
hydrogen sensor development to photoelectrochemical hydrogen production. A second round of
project selection is underway.

Hydrogen Fuel Cell Project Washoe County, Nevada 2,475 0 0

This project plans to develop and deploy a geothermal/electrolysis hydrogen production refueling
station and provide for the conversion of county buses to operate on hydrogen and hydrogen mixture
fuels.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

Fuel Cell Mine Loader and Prototype Locomotive 247 0 0

Plans include the development and the deployment of a mine front-end loader and mine locomotive
at operating mines for tests.

Renewable Hydrogen Fueling Station System,
University of Nevada at Las Vegas 3,366 0 0

Plans include the construction and deployment of a photovoltaic/electrolysis refueling station in Las
Vegas and research tasks on photoelectrochemical conversion from water to hydrogen.

Indigenous Energy Development Center for
Hydrogen Storage in Pennsylvania 990 0 0

This project continues work earmarked in FY 2006 for Concurrent Technologies, Inc. in
Pennsylvania. It is expected to include R&D in the areas of: materials, modeling, and off-board
hydrogen storage.

Expanding Clean Energy Research and Education
Program at the University of South Carolina 1,980 0 0

This project is researching production of hydrogen by electrolysis of anhydrous gaseous HCI, HBr
and SO,; hydrogen storage in complex metal and chemical hydrides; and fuel cell design and
development.

Hydrogen Storage and Fuel Cells, University of Las
Vegas 3,366 0 0

This project plans to create the basis for an academic research center that will combine theory and
experiment to address specific aspects of hydrogen storage and utilization. It will emphasize a
fundamental understanding of the interactions of atomic and molecular hydrogen with materials
pertinent to hydrogen storage and utilization.

California Hydrogen Infrastructure, Storage and
Systems 1,386 0 0

This project will develop several technological approaches to deploy refueling stations that will
include mobile platforms, stations at pipelines, alternative delivery systems, and electrolysis
systems. In FY 2006, it is anticipated that Air Products and Chemicals, Inc. will design and develop
a chemical hydride storage system and advanced infrastructure and delivery systems in support of
the Technology Validation activity.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

Fuel Cell Freeze/Cold Start Program 990 0 0

This project is anticipated to investigate thermal management, system design and components to be
able to operate fuel cells under cold climate conditions.

Center for Intelligent Fuel Cell Materials Design 1,485 0 0

The Center for Intelligent Fuel Cell Materials Design is a multi-state collaboration, headed by
Chemsultants International, to design fuel cells for manufacturability.

Delaware State University Center for Hydrogen
Storage 990 0 0

This project will research and develop novel materials that can store and release large quantities of
hydrogen gas at moderate temperatures and pressures.

Florida International University Center for Energy
and Technology of the Americas 990 0 0

The Florida International University Center for Energy and Technology of the Americas (CETA)
works to increase reliable energy supplies, improve energy efficiency, and promote cooperation in
policy and technology transfer in the western hemisphere.

City of Auburn Energy Production Issues at
Wastewater Plant 891 0 0

This project seeks to incorporate hydrogen technologies into the wastewater plant in Auburn.

Hydrogen Fleet Infrastructure Demonstration
Project 1,980 0 0

This project will support BP’s infrastructure research and development efforts under DOE’s
Hydrogen Fleet and Infrastructure Demonstration Program.

Purdue Hydrogen Technologies Program 990 0 0

This project is anticipated to research the various aspects of hydrogen generation, storage, and
utilization.

Detroit Commuter Hydrogen Project 1,287 0 0

Ford Motor Company and the Southeast Michigan Council of Governments (SEMCOG) will use this
project to support Ford’s vehicle research and development efforts under DOE’s Hydrogen Fleet
Infrastructure Demonstration Program.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

City of Chicago Ethanol to Hydrogen Project 1,980 0 0

This project plans to build a refueling station in the city of Chicago that will convert renewable
liquid ethanol into hydrogen gas.

University of Arkansas at Little Rock Hydrogen
Storage Project 396 0 0

The program funds research and development of hydrogen storage technologies.
University of Akron Fuel Cell Laboratory 495 0 0
This project is anticipated to develop a coal-based fuel cell for power generation.
Kettering University Fuel Cell Project 495 0 0

The project seeks to accelerate the development and commercialization of fuel cells for stationary
and mobile applications through engineering research, testing and evaluation.

Hydrogen Optical Fiber Sensors 495 0 0

This project seeks to develop advanced optical fiber sensors for detecting hydrogen leaks and
ensuring the safety for fuel cell vehicles.

UNLYV Research Foundation Solar-Powered
Thermochemical Production of Hydrogen 3,366 0 0

This project will develop a pilot plant design and implementation plan for a solar-powered hydrogen
production system based on thermochemical cycles.

Montana Palladium Research Center 2,475 0 0

This project seeks to develop palladium-based materials for use in hydrogen production and end-use
technologies.

University of Arkansas Little Rock Nanotechnology
Center Production of Hydrogen 495 0 0

This program will include hydrogen production research at UALR’s new nanotechnology laboratory,
which will house both production and application research laboratories.

UNLYV Research Foundation Development Of
Photoelectric Chemical Production Of Hydrogen 2,475 0 0

This project will develop and characterize state-of-the-art photovoltaic components coupled to
durable photoactive oxide films immersed in suitable electrolytes for the purpose of direct water
splitting.
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FY 2006 FY 2007 FY 2008

University of Southern Mississippi's School of

Polymers and High Performance Materials

Improved Materials for Fuel Cell Membranes

Program 495 0 0

This project seeks to develop advanced, durable, low-cost membranes for polymer electrolyte
membrane fuel cells.

University Of Nevada-Reno Photoelectrochemical
Generation Of Hydrogen By Solid Nanoporous
Titanium Dioxide Project 2,970 0 0

This project seeks to develop direct water-splitting technology for hydrogen generation based by
improving the efficiency and durability of solid nanoporous titanium dioxide semi-conducting
materials.

Southern Nevada Alternative Fuels Demonstration
Project 495 0 0

This project seeks to speed the transition to alternative transportation fuels that are cleaner,
domestically produced, and less expensive.

Total, Congressionally Directed Activities 42,520 0 0
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Biomass and Biorefinery Systems R&D

Funding Profile by Subprogram

(dollars in thousands)

FY 2006 Current FY 2007 FY 2008
Appropriation Request Request
Biomass and Biorefinery Systems R&D

Feedstock Infrastructure 492 9,967 10,000
Platforms Research and Development 19,542 50,530 59,400
Utilization of Platform Outputs R&D 22,915 89,190 104,863
Cellulosic Ethanol Reverse Auction 0 0 5,000
Congressionally Directed Activities 46,827 0 0
Total, Biomass and Biorefinery Systems R&D 89,776 149,687 179,263

Public Law Authorizations:

P.L. 93-577, “Federal Non-nuclear Energy Research and Development Act” (1974)

P.L. 94-163, “Energy Policy and Conservation Act” (EPCA) (1975)

P.L. 94-385, “Energy Conservation and Production Act” (ECPA) (1976)

P.L. 95-91, “Department of Energy Organization Act” (1977)

P.L. 95-618, “Energy Tax Act” (1978)

P.L. 95-619, “National Energy Conservation Policy Act” (NECPA) (1978)

P.L. 95-620, “Powerplants and Industrial Fuel Use Act” (1978)

P.L. 96-294, “Energy Security Act” (1980)

P.L. 100-12, “National Appliance Energy Conservation Act” (1987)

P.L. 100-615, “Federal Energy Management Improvement Act” (1988)

P.L. 101-218, “Renewable Energy and Energy Efficiency Technology Competitiveness Act” (1989)
P.L. 101-549, “Clean Air Act Amendments” (1990)

P.L. 101-575, “Solar, Wind, Waste, and Geothermal Power Production Incentives Act” (1990)
P.L. 102-486, “Energy Policy Act” (1992)

P.L. 106-224, “Biomass Research and Development Act” (2000)

P.L. 107-171, “Farm Security and Rural Investment Act” (2002)

P.L. 108-148, “Healthy Forest Restoration Act” (2003)

P.L. 109-190, “Energy Policy Act” (2005)

Mission

The mission of the Biomass and Biorefinery Systems R&D Program (“Biomass Program™) is to
partner with U.S. industry to develop our abundant biomass resources and foster research,
development, and deployment of advanced technologies to transform these resources into clean,
cost competitive, high performance biofuels, biopower, and high value bioproducts through the
development of biorefineries. A well established, economically viable, sustainable, biorefinery
industry will strengthen U.S. energy independence by reducing our dependence on foreign oil,
protecting and enhancing our environment, creating new economic opportunities for rural
communities, and delivering improved, affordable, environmentally sustainable, and
domestically produced fuels, power, and products (i.e., chemicals and materials) to American
consumers.
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Benefits

The Biomass Program’s research focus is to develop and validate technologies to support the
successful deployment of biorefineries that can utilize a wide range of biomass resources to
accelerate the growth of the bioindustry, increase and diversify domestic energy supply, increase
energy security, emit less carbon, and reduce petroleum imports. The request includes the
Biofuels Initiative that directly supports the President’s AEI, aimed at dramatically reducing our
dependency on imported oil, by increasing domestic, renewable liquid transportations fuels
production. The program’s R&D will contribute key technologies necessary to make cellulosic
ethanol cost competitive by 2012, which could enable a much more significant volume of
gasoline to be displaced than through corn ethanol alone. The program supports the President’s
goal to reduce our gasoline consumption by 20 percent in ten year (20 in 10), as outlined in his
2007 State of the Union Address.

The program partners with existing biorefineries as well as the chemical industry to develop the next
generation of biorefineries that will produce transportation fuels, value-added chemicals, and/or power
from non-conventional, lower cost feedstocks such as agricultural residues (i.e., corn stover). Fuels
from biomass have great potential to displace petroleum because ethanol and biodiesel are highly
compatible with today’s major transportation fuels (i.e., gasoline and diesel). Program efforts could lead
to cost effective cellulosic ethanol from various biomass feedstocks. This will enable biorefineries to be
geographically dispersed, leading to increased domestic energy production (increasing energy security)
and benefits to rural economies. Utilization of biomass for transportation fuels reduces greenhouse gas
emissions and allows renewable carbon resources to be sequestered via photosynthesis. The program’s
economic, environmental and security benefits that are quantified and described in more detail under the
“Expected Program Outcomes” sections.

Strategic and GPRA Unit Program Goals

The Department’s Strategic Plan identifies five Strategic Themes (one each for nuclear, energy, science,
management, and environmental aspects of the mission) plus 16 Strategic Goals that tie to the Strategic
Themes. The Biomass and Biorefinery Systems R&D Program supports the following goal:

Strategic Theme 1, Energy Security

Strategic Goal 1.1, Energy Diversity: Increase our energy options and reduce dependence on oil,
thereby reducing vulnerability to disruptions and increasing the flexibility of the market to meet U.S.
needs.

Strategic Theme 3, Scientific Discovery and Innovation

Strategic Goal 3.3, Research Integration: Integrate basic and applied research to accelerate innovation
and to create transformational solutions for U.S. energy needs.

And concurrently supports:

Strategic Goal 1.2, Environmental Impacts of Energy: Improve the quality of the environment by
reducing greenhouse gas emissions and environmental impacts to land, water, and air from energy
production and use.
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The Biomass and Biorefinery Systems R&D Program has one GPRA Unit Program goal which
contributes to Strategic Goal 1.1 in the “goal cascade:”

GPRA Unit Program Goal 1.1.06.00: Develop biorefinery-related technologies associated with the
different biomass resource pathways to the point that they can compete in terms of cost and performance
and are used by the Nation’s transportation, chemical, agriculture, forestry, and power industries to meet
their respective market objectives. This helps the Nation expand its clean, sustainable energy supplies,
improve its energy infrastructure, and reduce its greenhouse gases emissions, fossil energy consumption
and dependence on foreign oil.

Contribution to GPRA Unit Program Goal 1.1.06.00 (Biomass and Biorefinery Systems
R&D)

The program directly supports the DOE’s Energy Security theme by developing our biomass
resource availability and conducting research, development and deployment on technologies that
increase the production of biomass-based substitutes for petroleum-derived fuels, chemicals,
materials, and/or heat and power, and thereby diversifying and expanding energy supply. It also
addresses the goals and recommendations of the Biomass R&D Act of 2000, the Farm Security
and Rural Investment Act of 2002, and the Energy Policy Act of 2005.

To increase the probability of success, the program funds key technology pathways that
contribute to the achievement of this goal:

Feedstock Infrastructure contribution:

= Reduced costs associated with feedstock production, collection, storage and transportation address
major barriers impeding the growth of the cellulosic ethanol industry. These feedstock activities are
required to meet the Biofuels Initiative’s target of $35 per dry ton of cellulosic feedstock by 2012
which is tied to the target of $1.07/gallon of cellulosic ethanol. Indicators of progress toward the
goal include developing a conceptual, novel harvesting system and testing a wet storage system by
2009.

Platforms Research and Development contribution:

» The program will continue to focus on Biochemical Conversion R&D towards reducing the cost of
producing mixed, dilute sugars to enable biorefinery pathways. An overarching challenge is the
recalcitrance of biomass (i.e., compared to starch, cellulose is not easily broken down into sugars).
Biochemical Platform R&D will make further improvements to feedstock interface, pretreatment and
conditioning, and enzymes, in addition to process integration in order to reduce sugar costs as the
springboard to launching the next generation of cellulosic ethanol from a wide range of feedstocks.

= Thermochemical Platform R&D will focus on gasification technologies for synthesis gas production
but also includes an increase of funding for pyrolysis R&D from FY 2007 through FY 2008. The
work in each of the platforms will support the Biofuels Initiative goal of producing cost competitive
cellulosic ethanol at $1.07 per gallon.
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Utilization of Platform Outputs R&D contribution:

= In view of the integrated biorefinery emphasis, the program will continue to support
companies with the intent of commercializing biorefineries at a small commercial scale for
the production of transportation fuels and co-products (such as materials and chemicals) as
authorized by EPACT of 2005, Section 932. The program will also support industry in its
efforts to validate biomass conversion technologies developed under each of the platforms
and integrate them into biorefineries at a scale equal to approximately 10 percent of
commercial scale (equivalent to 1-3 million gallons/year ethanol produced) for the
production of transportation fuels and co-products (such as materials and chemicals).
Additionally, the program will continue to cost-share 2-3 industry partnership projects for
developing a commercially ready ethanologen (critical to producing ethanol from cellulosic
feedstocks) at a cost sufficiently low to achieve the Biofuels Initiative's 2012 target. These
organisms could jump start the cellulosic ethanol industry.

An indicator of progress toward achieving those benefits includes:

= InFY 2008, the program will conduct an independent engineering review to validate contractor
costs and scheduled timeline included in the design package of at least one commercial scale
biorefinery capable for processing up to 700 metric tonnes per day of lignocellulosic feedstocks. In
order to ensure project efficacy, the independent review will include at a minimum analysis of the
following: commitments from essential project participants including the EPC contractor and major
suppliers, establishment of construction milestones including a construction draw schedule,
approved permits that allow construction to begin, a resource loaded work breakdown structure for
construction, evaluation of project risk factors and project management schedules. In addition, an
analysis of the schedule for financial closings and disbursement schedules will be included.

Funding by Strategic and GPRA Unit Program Goal

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Strategic Goals 1.1, Energy Diversity and 3.3, Research Integration
GPRA Unit Program Goal 1.1.06.00, Biomass and Biorefinery
Systems R&D
Feedstock Infrastructure 492 9,967 10,000
Platforms Research and Development 19,542 50,530 59,400
Utilization of Platform Outputs R&D 22,915 89,190 104,863
Cellulosic Ethanol Reverse Auction 0 0 5,000
Total, GPRA Unit Program Goal 1.1.06.00, Biomass and Biorefinery
Systems R&D 42,949 149,687 179,263
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(dollars in thousands)

FY 2006 FY 2007 FY 2008
All Other
Congressionally Directed Activities
Texas A&M — Renewable Energy from Animal Biowaste 990 0 0
Sugar-Based Ethanol Biorefinery at Louisiana State University 495 0 0
Biotech-to-Ethanol Project 990 0 0
Research Triangle Biomass, North Carolina 1,238 0 0
Iowa Switchgrass Project - Chariton Valley 742 0 0
Biorefinery at Louisiana State University 495 0 0
Vermont Biomass Energy Center 495 0 0
Consortium for Plant Biotechnology Research 3,465 0 0
University of Georgia Biomass Pyrolysis Biorefinery Project 1,238 0 0
Wood Debris Bioenergy Project 990 0 0
Clarkson University Dairy Waste Partnership 247 0 0
Madison County Landfill Gas-to-Energy 990 0 0
Asphalt Roofing Shingles into Energy, Xenia 990 0 0
Ohio State University 4-H Green Building 990 0 0
Solid Waste Authority Pyramid Resource Center 1,980 0 0
City of Stamford Waste-to-Energy Project 1,485 0 0
Iowa State University Biomass Energy Conversion Project 495 0 0
Iroquois Bioenergy Consortium Ethanol Project 3,465 0 0
New York Biomass/Methane Gas Power Fuel Cell 1,980 0 0
Western Massachusetts Biomass Project 495 0 0
Greenville Composite Biomass Project 742 0 0
Laurentian Bioenergy Project 1,238 0 0
Kona Carbon Biomass Project 990 0 0
Sustainable Energy Center at Mississippi State University 10,890 0 0
Missouri Biodiesel Demonstration Project 990 0 0
Auburn Alternative Fuel Source Study of Cement Kilns 990 0 0
Canola-Based Automotive Oil Research 990 0 0
Center for Advanced Bio-based Binders 792 0 0
Development of Applied Membrane Technology 495 0 0
Michigan Biotechnology Institute 990 0 0
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Washington State Ferries Biodiesel Demonstration

UNLYV Research Foundation for Developing Biofuels

Total, Congressionally Directed Activities

Total, All Other

Total, Strategic Goals 1.1 and 3.3 (Biomass and Biorefinery Systems

R&D)
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(dollars in thousands)

FY 2006 FY 2007 FY 2008
495 0 0
2,970 0 0
46,827 0 0
46,827 0 0
89,776 149,687 179,263
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Annual Performance Results and Targets

| FY 2003 Results | FY 2004 Results | FY 2005 Results FY 2006 Results FY 2007 Results FY 2008 Results
GPRA Unit Program Goal 1.1.06.00 (Biomass and Biorefinery Systems R&D)
Feedstock Infrastructure
Complete a core R&D Conduct replicated field trials

Platforms Research and Development

Completed the thermochemical
options analysis to assess
various process pathways to
fuels (e.g., F-T, gasoline, diesel,
alcohols). [MET]

Developed an improved
enzyme preparation for
reducing the cost of producing
ethanol from biomass. Evaluate
its impact on production costs
using an updated computer
model of the production
process. [MET]
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Completed a technical and
economic evaluation of
integrated biomass to fuels
systems to validate the sugar
cost of $0.135 per pound and
syngas cost of $6.13 per million
Btu. [MET]

Complete laboratory and
economic assessment of 2
different feedstocks, identifying
operating conditions that link
pretreatment with enzymes that
could be scaled-up and have the
potential of achieving the goal
of $0.125 per pound sugar by
2007. [MET]
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engineering design and techno-
economic assessment of an
integrated wet storage -
biomass field pre-processing
assembly system with a
pretreatment process that could
potentially be scaled up to
produce feedstocks to achieve a
reduction to $35 per ton by
2012 from $53 per ton as of
2003.

Complete integrated tests of
pretreatment and enzymatic
hydrolysis in conjunction with
existing fermentation organisms
at bench-scale on com stover
that validate $0.125 per pound
sugars on the pathway to
achieving $0.064 per pound in
2012.

Demonstrate conversion of 50
percent of non-methane (C2+
higher) hydrocarbons that result
in a syngas cost of $7.15/MBtu

in 2007.

across regions to determine the
impact of residue removal on
grain yield (in subsequent
years); field trials (including
genetic evaluations) to develop
energy crops within a
geographical region; resource
assessments to determine
regional feedstock supply
curves (variable costs of
feedstock across various sites);
and economic studies that
identify the best site conditions
and general locations for
biorefineries within a region, all
of which can demonstrably
contribute to the goal of
producing feedstocks at $35 per
dry ton by 2012.

Achieve a modeled cost target
of $0.11 per pound of sugars
(equivalent to $2.09 per gallon
of cellulosic ethanol) through
the formulation of improved
enzyme mixtures and
pretreatments.

Achieve a modeled cost target
of $6.88/MBtu of biomass-
derived syngas or oils by
demonstrating pilot-scale
technology capable of
economically converting
biomass residues, pulping
liquors, or waste fats and
greases.
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FY 2003 Results

FY 2004 Results

FY 2005 Results

FY 2006 Results

FY 2007 Results

FY 2008 Results

Utilization of Platform Outputs R&D

Established testing program at
three existing gasifiers at
partners’ sites for the
development and application of
technology components (e.g.,
gas clean-up, gas engines, fuel
cells, etc.) that needed to be
integrated with the gasification
components to produce power,
fuels, and chemicals. [MET:
Greater than 80 percent but less
than 100 percent — Completion
was delayed by 5 months.]

Demonstrated clean syngas
production in three
thermochemical conversion
systems. [MET]

Completed testing of ethanol
production from corn fiber in
partnership with industry in
order to achieve a 3 percent
increase in ethanol production
from each corn ethanol plant
that successfully implements
the technology without
requiring additional corn
feedstock. [MET]

Complete a preliminary
engineering design package,
market analysis, and financial
projection for at least one
industrial-scale project for near
term agricultural pathways
(corn wet mill, corn dry mill,
oilseed) to produce a minimum
of 15 million gallons of
biofuels per year (as mandated
by the Energy Policy Act.

Approve a final engineering
design package of at least one
commercial scale biorefinery
capable of processing up to 700
metric tones per day of
lignocellulosic feedstocks. The
approved design package must
address any findings from an
independent engineering review
to validate contractor costs and
scheduled timeline.

Established the technical and
market potential of a new
biobased product. [MET]

In partnership with industry,
completed pilot-scale
demonstration of two new

Completed validation of one
new biobased product
technology, with long-term

Identify at least one sugar-
derived or biomass oil-derived
bio-based chemical or material

biobased product technologies
for economic, technical, and
product performance. [MET]

A 2-cycle engine oil derived
from soy oil was
commercialized for the
emerging bioproducts industry.
[NOT MET: 2-cycle engine oil
commercialized in FY 2004]

potential of greater than 2
billion Ibs. /yr. sales, at the
pilot-scale for economic,
technical, and product viability
in partnership with industry.
[MET]

With industry partners, a new
biobased product technology
advanced to scale-up partners’
intention to commercialize in a
new industrial biorefinery by
FY 2008. The biorefinery will
be at pilot-scale. [MET]
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(among those being evaluated)
that possesses sufficient
potential to enter into the
scaled-up developmental phase
of R&D from the previous
bench-scale phase. [MET]
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FY 2003 Results

FY 2004 Results

FY 2005 Results

FY 2006 Results

FY 2007 Results

FY 2008 Results

Contributed proportionately to

Contributed proportionately to

EERE’s corporate goal of

EERE’s corporate goal of

Maintain total administrative
overhead costs (defined as

reducing corporate and program

reducing corporate and program

program direction and program

Maintain total administrative
overhead costs (defined as
program direction and program

Maintain total administrative
costs in relation to total
program costs of less than 12

uncosteds to a range of 20-25

adjusted uncosted obligated

support excluding earmarks) in

support excluding earmarks) in

percent. Baseline for

percent by reducing program

balances to a range of 20-25

relation to total program costs

relation to total program costs

annual uncosteds by 10 percent
in 2004 relative to the program

uncosted baseline (in 2003)

percent by reducing program

annual adjusted uncosteds by
10 percent in 2005 relative to

until the target range is met.

the Biomass & Biomass

[NOT MET: EERE actively
accelerating costing of funds]

Refinery Systems Program FY
2004 end of year adjusted
uncosted baseline ($62.235K)
until the target range is met.
[MET]

of less than 12 percent. a
[MET]

of less than 12 percent.

administrative overhead rate
currently being validated.

? Baseline for administrative overhead rate currently being validated.
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Means and Strategies

Fuels from biomass have great potential because ethanol and biodiesel are compatible with today’s
major transportation fuels (gasoline and diesel). Biofuels can begin to reduce oil consumption
immediately and for the long-term and provide an environmentally sustainable alternative to petroleum
based fuels. Additionally, biofuels increase farm incomes and strengthen rural economies.

The Biomass Program will use various means and strategies to achieve its GPRA Unit program goals as
described below. “Means” include operational processes, resources, information, and the development
of technologies, and “strategies” include program, policy, management and legislative initiatives and
approaches. Various external factors, as listed below, may impact the ability to achieve the program’s
goals.

The Biomass Program will implement the following means in order to improve the cost-competitiveness
of biomass technologies:

= R&D through competitive solicitations for industrial partnerships with appropriate cost sharing to
attract innovation and ensure investment value for industry and university contracts;

= Management of R&D by a series of objectives, milestones, and Stage Gate and Peer Reviews, which
are tracked by the Project Management Center” and verified with reviews from industry and
university experts;

= Industrial-scale validation of integrated biorefineries through competitive solicitations to validate
their economic and technical validity in order to help facilitate commercialization; and

» Input from peer reviews.” Peer reviews of program plans and activities are aimed at obtaining
expert, independent opinion on the program’s goals and objectives; feasibility of reaching the goals;
appropriateness of technical barriers being addressed; appropriateness of the Federal role, and
whether the level of Federal funding for projects is commensurate with technical objectives.

The Biomass Program will implement the following strategies:

= The Biofuels Initiative will take advantage of R&D platforms and technology development
strategies already in place. Accelerating these R&D strategies will make significant inroads into
achieving the goals of the Initiative. DOE has strategies in the basic sciences as well as feedstock,
conversion and biorefinery technology advancement that map directly to Initiative goals. The
program will employ the extensive technical expertise available throughout the Federal sector,
industry, academia and laboratories. Partnerships are already in place with the DOE Office of
Science, the U.S. Department of Agriculture and other Federal agencies. The basic approach to
implementing the program will include developing and employing a mix of basic and applied
sciences related to biomass feedstocks and conversion technologies as well as efforts to help bridge
the gap from technology validation to deployment.

* EERE implemented the Project Management Center approach at the Golden Field Office and the National Energy
Technology Laboratory to enhance the management of projects.
® The most recent program review was held in November 2005.
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For each feedstock targeted, program research will develop handling and conversion technologies
specific to feedstock properties and validate the technical performance and projected economics at
industrial scale.

The program will further basic research in the areas of feedstock development, technical and market
barriers to the greater use of biomass, such as overcoming the recalcitrance of certain biomass
feedstocks, and optimizing collection, storage, transportation and conversion processes. For
example, the Biomass Program will collaborate with the DOE Office of Science to target and
conduct research on the development of new organisms and techniques that are able to process the
various sugars in biomass collectively. This will consolidate several steps in bioprocessing and lead
to a significant reduction in tanks and associated equipment currently needed to convert biomass
feedstocks into ethanol. This will result in a large reduction in plant costs.

The program will continue to support Regional Biomass Feedstock Development Partnerships, thus
leveraging the local resources through partnerships with agriculture producers, universities, and
industry which understand the regional opportunities and challenges. These Partnerships will fund
research to develop new feedstocks tailored to industrial applications for conversion to specific fuels
and applications. This will allow the availability of biomass fuels and chemicals to continue to grow
beyond the limitations of present commodity crop and forest resources.

The program will support R&D on high-opportunity, high-impact technologies for converting
biomass feedstocks to ethanol. R&D will include developing process integration methodologies,
identifying effective pretreatment catalysts effective on multiple biomass feedstocks, and targeting
efficient enzymes. Moreover, as biorefinery plants mature, advanced thermochemical technologies
(e.g., pyrolysis oils) will be pursued to increase biofuels production and value.

The program will utilize guidance from the Biomass Technical Advisory Committee and the
Biomass R&D Board established under the Biomass R&D Act of 2000 to in integrate R&D across
agencies. In 2006, the board began preparation of an interagency action plan. This plan will be
followed by a comprehensive interagency coordination and planning document that will be reviewed
by the National Academy of Sciences. In addition to assessing the goals and plans for interagency
biomass research, the Academy will be tasked with considering economic and other impacts of
increased biomass utilization under various energy price and policy scenarios.

The program will use the Administration’s R&D Investment Criteria and DOE’s internal assessment
modeled after the Administration’s Program Assessment Rating Tool (PART), along with various
inputs provided by external and internal entities to help target Federal investments.

The following external factors could affect the program’s ability to achieve its strategic goal:

Cost and availability of conventional fossil energy sources and infrastructure adjustments;
Federal and state farm policies and grower’s actual adoption rate for new crops;
Widespread adoption of sustainable crop management practices;

Consumer acceptance;

Cost of competing technologies;
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= Loan guarantee programs as authorized by EPACT 2005 and other future regulatory changes (i.e.,
2007 Farm Bill) could accelerate the adoption and positively impact the deployment of biorefinery
technologies; and

= The market penetration rate of bio-based technologies which is a function of all the external factors
listed and technical breakthroughs, incentives; price trends of coal, oil and natural gas; and policy
factors.

Collaborations are integral to achieving the planned investments, means and strategies, and to
addressing external factors. In carrying out its mission, the program performs the following
collaborative activities:

= Partnering with DOE’s Office of Science on feedstock development and consolidated bioprocessing
(technology aimed at reducing the number of unit operations needed in a biorefinery);

= (Collaboration on advanced conversion processes and techniques with the DOE Office of Science
will help define the future of advanced biorefineries;

= (Coordination with the Hydrogen Program to evaluate biomass as a feedstock for hydrogen
production;

= Coordination with the Vehicle Technologies Program’s efforts to increase the use of biofuels in
vehicle fleets and address biofuels infrastructure issues;

= The Regional Feedstock Partnerships will be used to enhance the coordination of feedstock R&D
efforts with USDA and the Sun Grant Initiative recipients which includes land grant universities.
Regional information is needed by potential biorefiners in order to assess and improve resource
availability and feedstock economics;

= Annual USDA/DOE solicitation for biomass technologies R&D and other coordination under the
Biomass Research and Development Act of 2000. The program will utilize guidance from the
Biomass Technical Advisory Committee and the Biomass R&D Board established under the
Biomass R&D Act of 2000 to in integrate R&D across agencies. In 2006, the Board began
preparation of an interagency National Biofuels Action Plan. This plan will be followed by a
comprehensive interagency coordination and planning document that will be reviewed by the
National Academy of Sciences. In addition to assessing the goals and plans for interagency biomass
research, the Academy will be tasked with considering economic and other impacts of increased
biomass utilization under various energy price and policy scenarios; and

= Partnerships with existing biorefineries to develop technologies resulting in more cost-effective use
of current feedstock and/or utilization of additional, and new feedstocks such as cellulosic residues.

Validation and Verification

To validate and verify program performance, the Biomass Program will conduct internal and external
reviews and audits. For example, during program peer reviews the programmatic activities are reviewed
by experts from universities, state agencies, industry, and the U.S. Department of Agriculture. The table
below summarizes validation and verification activities.
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Data Sources: The Renewable Fuels Association’s production statistics; the National
Renewable Energy Laboratory’s Renewable Electric Plant Information System
(REPIS); the Energy Information Administration’s (EIA) Annual Energy
Review, Renewable Energy Annual and Annual Energy Outlook; the Gas
Technology Institute Survey of Distributed Resources; EIA Form 860 data
analyzed by the Resource Dynamics Corporation. Individual projects develop
production cost and quantity estimates for sugar, syngas, ethanol, and other fuels
and chemicals (these are reviewed and monitored by managers).

Baselines: The following are the key baselines used in the Biomass Program:

» Biomass delivered cost (2003): $53 per dry ton for wheat straw and corn
stover;

» Mixed, dilute, unfermented sugars produced in a greenfield facility (2003):
15 cents per pound (equivalent to $2.75 per gallon of ethanol);

* Cost of cleaned and reformed biomass-derived synthesis gas from a mature
gasification plant (2005): $7.25 per million Btus (equivalent to 6.86 cents per
kWh); and

= Industrial-scale projects validating the cost of producing fuels, chemicals,
and power utilizing biomass feedstocks: 2005 baseline = 0.

Evaluation: In carrying out the program’s mission, the Biomass Program uses several forms
of evaluation to assess progress and to promote program improvement.

= Stage-Gate review, technology validation and operational field measurement,
as appropriate;

* Peer review by independent outside experts of both the program and
subprogram portfolios;

» Biennial Technical Program Review of the Biomass Program;

* Specialized program evaluation studies to examine process, impacts, or
market baseline and effects, as appropriate;

» Quarterly and annual assessment of program and management results based
performance through Joule (the DOE quarterly performance progress review
of budget targets), PMA (the President’s Management Agenda -- annual
departmental and PSO based goals whose milestones are planned, reported
and reviewed quarterly) and PART (common government wide
program/OMB reviews of management and results); and

* Annual review of methods, and updated analysis of potential benefits for the
Government Performance and Results Act (GPRA).

The National Laboratories receive direct funds for technology research and
development, based on their capabilities and performance. Advisory panels
consisting of non-Federal and industry experts review each laboratory and
industry project at scheduled Stage-Gate reviews and peer evaluation of R&D.
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Projects are evaluated based on the following criteria: 1) Relevance to overall
DOE objectives; 2) Approach to performing the research and development; 3)
Technical accomplishments and progress toward project and DOE goals; 4)
Technology transfer/collaborations with industry/universities/laboratories; and
5) Approach and relevance of proposed future research. The panels also
evaluate the strengths and weaknesses of each project, and recommend additions
to or deletions from the scope of work. The program organization facilitates
relationships to ensure that Federal R&D results are transferred to industry.

Frequency: Potential benefits are estimated annually. Independent evaluation of R&D
projects are performed according to schedule per the Stage-Gate process for
moving each project through an independent review “gate”, from a less costly
stage (such as preliminary paper studies) to a more costly stage (such as bench-
scale experiments). Program Peer Reviews are conducted annually.

Data Storage: EERE Benefits website, the EERE Corporate Planning System, and other
computer-based data systems.

Verification: DOE technology managers verify the achievement of targets through project
reviews, including reviews of cost and performance modeling results. Project
leaders in the field must provide to the technology managers documentation of
experimental and/or analytic results as evidence of success. The evidence is
listed in material supporting the DOE Joule performance tracking system.
Various trade associations review the data and the modeling processes (e.g.,
REPIS renewable), and the EIA verifies the REPIS database. Peer reviews are
conducted by independent personnel from industry, academia and governmental
agencies other than the U.S. Department of Energy.

Program Assessment Rating Tool (PART)

The Department implemented a tool to evaluate selected programs. PART was developed by OMB to
provide a standardized way to assess the effectiveness of the Federal Government’s portfolio of
programs. The structured framework of the PART provides a means through which programs can assess
their activities differently than through traditional reviews.

The Biomass Program received its first OMB PART review in 2005. The 2005 PART review included
ratings of 80 percent for program purpose, 90 percent for planning, 73 percent for management and 42
percent for program results and accountability with an overall rating of Adequate. These ratings reflect
the commitment of EERE program management to good management and planning principles and the
implementation of the EERE reorganization employing those principles. The program recognizes the
need to improve consistency in its use of performance measures, a major cause for the program’s lower
scores on results and accountability. Congressionally directed projects have accounted for
approximately 40 to 57 percent of the program’s budget in recent years, slowing program progress and
reducing the management score because directed projects are not competitively selected, generally do
not contribute to program goals, and sometimes result in high uncosted balances.

The Department has responded to the PART recommendation of “Develop guidance that specifies a
consistent framework for analyzing the costs and benefits of research and development investments, and
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uses this information to guide budget decisions.” The Department has specified common scenarios,
common methodology, and standardized benefits measures to allow analyzing the costs and benefits of
applied R&D investments. While progress has been made, benefits estimates across programs are still
not completely comparable. The Department continues to work on implementation of common
assumptions and a consistent approach to incorporation of risk.

Expected Program Outcomes

The Biomass Program pursues its mission through integrated activities designed to increase the use of
domestic renewable resources. Achievement of the program’s technology goals will yield an
incremental market response of 11 billion gallons/year of ethanol usage in 2030 and 7 bg/y in 2050.
Enabling policy and market activities could significantly increase market response. Incremental ethanol
usage associated with the program’s achievements declines over time because of the assumption that
this industry would develop and succeed eventually without DOE’s program, but later at a much slower
rate. This ethanol will displace imported oil, and thus yield energy security, economic and
environmental benefits.

Estimates of the security, economic and environmental benefits from 2008 through 2050 that would
result from realization of the program’s goals are shown in the table below. If the program’s technology
goals are met, 0.3 million barrels per day (mbpd) and 0.005 mbpd of imported oil could be avoided in
2030 and 2050, respectively.” Further, the program would increase the energy diversity of the Nation’s
transportation system by 20 percent and 2 percent in 2030 and 2050, respectively.

EERE’s Biomass Program Goal Case reflects the increasing penetration of ethanol over time, as the
program’s goals are met. Not included is any policy or regulatory mechanisms, or other incentives, not
already in existence, that might be expected to support or accelerate the achievement of the program
goals. The expected benefits reflect solely the achievement of the program’s goals.

The goals are modeled in contrast to the “baseline” case, in which no DOE R&D exists. The baseline
case is identical to those used for all DOE applied energy R&D programs.” Further, across EERE and
all of DOE’s applied energy R&D programs, the expected outcome benefits are being calculated using
the same fundamental methodology. Finally, the metrics by which expected outcome benefits are
measured are identical for all of DOE’s applied energy R&D programs.® This standardization of
methods and metrics has been undertaken as part of the Department’s efforts to respond to the Under
Secretary for Energy, Science, and Environment’s Strategic Management System initiative and OMB’s
request to make all programs’ outcomes comparable.

* The disproportionately declining oil import savings over time are due to the fact that lower ethanol prices lead to increased
overall fuel demand (including petroleum derived fuels).

® The starting point for the baseline case is the Energy Information Administration’s “reference case,” as published in the
AEO 2006. Program analysts from across DOE examined the AEO to determine the extent to which their program goals are
modeled (explicitly or implicitly). If program goals are modeled in the AEO, they are removed in the GPRA baseline.
Further, some programs believe that the AEO’s technology representation is too conservative, even in the absence of
program goals, and thus in certain cases a modification is made to make the technology representation in the baseline case
more optimistic than the AEO.

¢ The set of expected outcome metrics being used this year differs in substantial ways to that of previous years. In addition to
the standardization across DOE’s applied energy R&D programs, the list is expanded and more comprehensive than in past
years. Further, the list maps to DOE strategic goals. The expected outcome metrics represent inherent societal benefits that
stem from achievement of program goals.

13
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Benefits are estimated by modeling the program goals within two energy-economy models: NEMS-
GPRAOS for benefits through 2030, and MARKAL-GPRAOS for benefits through 2050." The full list of
modeled benefits appears below.

FY 2008 GPRA Benefits Estimates for Biomass and Biorefinery Systems R&D Program®®

| 2010 | 2020 | 2030 | 2040 | 2050 |

Environmental Benefits (Goal 1.2)

Avoided carbon emissions, annual (MMTC) 2 3 9 81 3
Avoided carbon emissions, cumulative (MMTC) 3 20 46 1,052 1,502
Reduced cost of criteria pollutant control, NPV (bil. ns ns ns NC NC
Economic Benefits (Goal 1.4)
Consumer savings, annual (bil. 2004 $) ns ns 3 13 ns
Consumer savings, NPV (bil. 2004 $) ns ns 25 94 128
Electric power industry savings, annual (bil. 2004 §) ns ns ns 3 0
Electric power industry savings, NPV(bil. 2004 $) ns ns ns 43 51
Household energy expenses reduced, annual (bil. 2004 ns ns 0.4% 0.3% -0.1%
Energy intensity reduced (% change in E/GDP) ns ns 0.6% -2.1% -0.6%
Net energy system cost savings, annual (bil. 2004 §) NC NC NC 7 2
Natural gas price change, moving avg. (2004 $ / TCF)® ns ns ns NC NC
Security and Reliability Benefits (Goal 1.1 or 1.3)
Avoided oil imports, annual (mbpd) ns 0.1 0.3 1.3 0.005
Avoided oil imports, cumulative (bil. bbl) ns ns 0.7 5.7 8.2
Security MPG improvement (%) ns ns 4% 15% 0%
Transportation fuel diversity improvement (%)® ns 7% 19% 34% 2%
Oil intensity reduced (% change in bil. bbl/GDP) 0.0% 0.3% 1.5% 6.2% 0.0%

* Results are presented as savings due to the programs. Final documentation on the analysis and modeling, including all of
the methodologies and underlying assumptions, is expected to be completed and posted on the web by March 31, 2007. Past
GPRA modeling and analysis documentation can be found at http://www1.eere.energy.gov/ba/pba/gpra.html.

® Benefits through 2030 are calculated with the NEMS-GPRA’08 model. Benefits from 2035 through 2050 are calculated
with the MARKAL-GPRA’08 model. “NC” indicates situations in which no calculation was done because of specific model
limitations. “ns” indicates results that were “not significant”—within the noise of the models.

¢ Projected benefits do not include any potential policy changes that might enhance technology deployment. In addition,
most technologies show diminishing benefits by 2050, because of the assumption built in to the analysis that baseline
industry progress will eventually catch up with the more accelerated progress associated with EERE program success.

4 Net present value calculations throughout this table are performed for cumulative economic metrics, and are done using a
3% real discount rate, cumulative to 2008.

¢ The prices reflected here are average delivered prices to all sectors, and are based on a three year moving average. Thus the
measure of benefit is the change in the three year moving average delivered price, in $ per thousand cubic foot.

Security MPG is the ratio of vehicle miles traveled by light duty vehicles to their usage of oil. It captures oil avoidance by
efficiency and fuel alternatives.

£ Fuel diversity is measured by the Shannon-Weiner Index (SWI) of diversity. The SWI is a measure of “proportional
diversity,” and hence captures both abundance and richness, i.e., how many different fuels and how much of each fuel both
factor into the calculation.
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The difference between the baseline case and the program goal case results in economic, environmental
and security benefits. In addition to oil import and transportation fuel diversity benefits described

previously, the success of the program would result in carbon emission savings of 9 million metrics tons
in 2030 and 3 million metric tons in 2050. Finally, the program would result in consumer savings of $3

billion in 2030.
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Feedstock Infrastructure
Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Feedstock Infrastructure 492 9,722 9,737
SBIR/STTR 0 245 263
Total, Feedstock Infrastructure 492 9,967 10,000

Description

The success of the biorefinery is critically dependent on having a large, sustainable supply of
reasonable-cost, high-quality biomass. Feedstock Infrastructure is focused on increasing the availability
and accessibility of our domestic biomass resources and improving the infrastructure technologies to
supply reasonable cost lignocellulosic feedstocks to future large-scale biorefinery. It is necessary to
make these improvements in resource availability and infrastructure costs because of the low bulk
energy density (light weight nature) of biomass as compared to other fuel sources.

Specifically, the Feedstock Infrastructure R&D focuses on developing biomass production, harvesting,
collection, preprocessing, storage, transport, and handling technologies, for wet and dry processes,
different feedstock types, and various climatic regions. In addition, the Regional Feedstock Partnerships
will be used to enhance the coordination of these R&D efforts with USDA and land grant universities.
Regional information is needed by potential biorefiners in order to assess and improve resource
availability and feedstock economics.

In the near term, Feedstock Infrastructure activities are aimed at producing cost-competitive and
sustainable feedstock supplies to begin entering the "marketplace" at $35 per dry ton by 2012 in support
of the Initiative's target of $1.07/gallon of cellulosic ethanol. The longer term goal of Feedstock
Infrastructure activities is to make progress toward realizing the full biomass resource potential of the
U.S. as estimated in USDA/DOE Billion Ton Study.® This study estimates that enough biomass is
available in the U.S. to produce 60 billion gallons of ethanol (from both corn and cellulosic biomass
resources) by 2030. While the study did not consider economics or mandates or other policies that
would need to be implemented in order to produce such a large volume of ethanol, the Department
believes that the potential for cellulosic ethanol is significant.

*DOE and USDA, Biomass as Feedstock for a Bioenergy and Bioproducts Industry: The Technical Feasibility of a Billion-
Ton Annual Supply (Billion Ton Study), February 2005. See also The Economic Impacts of Bioenergy Crop Production on
U.S. Agriculture (de la Torre, et al): www.usda.gov/oce/reports/energy/AER816Bi.pdf and Biomass from Crop Residues:
Cost and Supply Estimates (Gallagher, et al): www.usda.gov/oce/reports/energy/AER819.pdf. A proposed future study by
the National Academy of Sciences will also estimate the biomass resource and consider the economic and other impacts of
increased biomass utilization under various energy price and policy scenarios.
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Benefits

These activities will reduce biomass infrastructure costs for agricultural residues such as wheat straw
and corn stover in order to facilitate the growth of the biomass industry so that the delivered cost will
be reduced from $53 per dry ton in 2003 to $35 per dry ton by 2012. Indicators of progress toward that
goal include the completion of a core R&D engineering design and techno-economic assessment of an
integrated wet storage system by 2009. This biomass field pre-processing assembly system will have a
pretreatment process that could potentially be scaled up to produce feedstocks at a reasonable cost. By
2008, all 5 Regional Feedstock Partnerships will be established representing Farm Bill, Section 9011
land grant university regions of the U.S. and will continue to address regional infrastructure needs in
conjunction with USDA and land grant universities.

Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Feedstock Infrastructure 492 9,722 9,737

In FY 2008, feedstock infrastructure systems work will continue for single-pass harvester
development for wheat straw and corn stover collection, and storage and transportation options to
minimize costs for delivering these agricultural feedstock residues to a conversion plant. Analysis of
infrastructure systems and supply curves will continue in order to integrate economic and
environmental considerations. DOE will continue to work in close collaboration with USDA’s
Agricultural Research Service, Forest Service, other USDA agencies, land grant universities, and
regional consortia through the Regional Feedstock Partnerships. It is anticipated that funds will be
leveraged with USDA through the Biofuels Initiative. Goals for the regional feedstock development
effort will include R&D, such as replicated field trials across regions to determine the impact of
residue removal on grain yield (in subsequent years); field trials (including genetic evaluations) to
develop energy crops within a geographical region; resource assessments to determine regional
feedstock supply curves (variable costs of feedstock across various sites); and economic studies that
identify the best site conditions and general locations for biorefineries within a region. In addition,
we will fund studies to determine the implications of increased feedstock development and use for
sustainable agricultural practices and environmental issues. It is anticipated that these feedstock
partnerships may also be able to function as information repositories and serve as liaisons to growers,
biorefinery developers, and other interested parties such as state officials. The program will continue
to partner with the genomics research activity within the DOE Office of Science and at USDA to
further feedstock efforts.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

SBIR/STTR 0 245 263

In FY 2006, a total of $12,000 was transferred to the SBIR program and $1,000 to the STTR program.
The FY 2007 and FY 2008 amounts shown are estimated requirements for the continuation of the
SBIR and STTR programs.

Total, Feedstock Infrastructure 492 9,967 10,000

Explanation of Funding Changes

FY 2008 vs.
FY 2007
($000)

Feedstock Infrastructure
No significant change. +15
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities. +18
Total Funding Change, Feedstock Infrastructure +33

Energy Supply and Conservation/

Energy Efficiency and Renewable Energy/

Biomass and Biorefinery Systems R&D/

Feedstock Infrastructure Page 146 FY 2008 Congressional Budget



Platforms Research and Development

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Platforms Research and Development
Thermochemical Platform R&D 5,628 16,455 19,537
Biochemical Platform R&D 13,914 32,832 38,300
SBIR/STTR 0 1,243 1,563
Total, Platforms Research and Development 19,542 50,530 59,400

Description

Platform R&D will focus on developing technologies for converting biomass to intermediates (such as
sugars, synthesis gases, or bio-oils) of sufficient quality and quantity that they could produce cost-
competitive transportation fuels, materials, and chemicals. Thermochemical Platform R&D areas
include thermochemical processing, cleanup and conditioning, and upgrading for fuels synthesis. The
initial focus will be on gasification technologies for synthesis gas production with a gradual increase in
pyrolysis R&D. Biochemical Platform R&D will focus on further improvements to feedstock interface
(pre-processing), pretreatment, and enzymatic hydrolysis, and process integration. These integrated
steps are required to reduce sugar costs and enable ethanol to be produced as part of a biorefinery. The
accelerated targets for both Platforms support the Biofuels Initiative's 2012 cost target of $1.07 per
gallon of cellulosic ethanol (See Figures 1 and 2). This accelerated research could also lower the
conversion cost from a wide variety of biomass feedstocks.

Benefits

Integration and optimization of these processes will be necessary in order to:

= Reduce the costs of mixed biomass sugars to 6.4 cents per pound and clean syngas to $5.25 per
million Btus. Sugars and syngas from biomass are the key biorefinery intermediates that are
subsequently converted to biofuels, chemicals and materials within the biorefinery.
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Research state-of-technology assessments for biochemical ethanol production to reach

the $1.07/gallon market target, Foust et al, 2006
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Figure 2. Research state-of-technology assessments for thermochemical ethanol production to
reach the $1.07/gallon market target, Foust et al, 2006
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Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Thermochemical Platform R&D 5,628 16,455 19,537

Thermochemical Platform R&D is designed to reduce the cost of converting biomass and process
residues from biorefineries into clean syngas or bio-oils for further upgrading to transportation fuels and
chemicals. The Thermochemical Platform conducts research, testing, integration, and feasibility studies
on thermochemical conversion of biomass to provide the technology for advanced and integrated
biorefinery systems. These activities support the goal of $1.07 per gallon cellulosic ethanol for the
Biofuels Initiative. The Thermochemical Platform also supports integration activities with Utilization
of Platform Outputs because the intermediate feedstocks of the Thermochemical Platform (e.g., clean
syngas and bio-oils) can be utilized in a biorefinery to make biofuels and other co-products.

In FY 2008, the program will continue to develop technologies for the production, cleanup and
conditioning, and upgrading of biomass syngas or bio-oils so they are suitable for fuels and chemicals
synthesis. This will be done in collaboration with competitively selected industrial partners from the
biofuels and petroleum industries. Cleanup and conditioning efforts will focus on the syngas and
pyrolysis streams for the removal of particulates and other inorganic materials, on the conversion of
tars, and improving syngas yields. In addition, these funds may be used to support efforts such as peer
reviews; data collection and dissemination; and technical, market, economic, and other analyses.

Biochemical Platform R&D 13,914 32,832 38,300

The Biochemical Platform is defined by the work to reduce the costs of producing mixed, dilute sugar
streams from a wide range of biomass feedstocks by focusing on the key activities that support the
$1.07 per gallon cellulosic ethanol cost goal for the Biofuels Initiative. These activities include:
feedstock interface, pretreatment and conditioning, enzyme production and sacharification (sugars
production), and technology integration. This Biochemical Platform R&D will help launch into the
next generation of cellulosic ethanol technologies. The Biochemical Platform also supports integration
activities with Utilization of Platform Outputs because the intermediate feedstocks of the Biochemical
Platform (e.g., clean, mixed sugars) can be utilized in a biorefinery to make cellulosic ethanol and other
co-products.

To date, the program’s focus has been on the agricultural residue (corn stover) and its conversion to
ethanol. Funding in FY 2008 allows for the acceleration of research into cellulosic ethanol conversion
from a wide range of feedstocks in order to meet the near and longer term goals of the Biofuels
Initiative. Sugar cost reductions will reflect the results of work in the areas of pretreatment, conversion
of cellulosic components of biomass to mixed, dilute sugar streams; and process integration. Specific
objectives include determining which feedstock types will be used in pioneer (first-of-a-kind) plants,
and reducing the severity (harshness) of thermochemical pretreatment while optimizing the digestibility
of the pretreated material. The selection of optimal pretreatment chemistries along with improving the
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

overall effectiveness of the pretreatment process; further reduction of enzyme costs; and increasing the
solids loading for the process to reduce equipment size, energy requirements, and reagent requirements
will further reduce overall process costs.

In FY 2008, pilot-scale examination of one or more additional chemistries or configurations for
thermochemical pretreatment will continue from 2007. Pretreated biomass will be reduced to simple
sugars and residue by the action of hydrolytic enzymes. Further improvements are needed to: (increase
the specific activity of cellulases; (b) exploit the synergy between cellulase and non-cellulase
hydrolases that attack the hemicellulose, protein, waxes, perhaps lignin, and other compounds that
contribute to recalcitrance; and (c) optimizate the cellulase preparations to specific thermochemical
pretreatment regimes.

Process integration is another important area of the program and addresses the interaction between all
technology elements in the pathway. On-going work addresses: (a) process intensification, the ability to
run conversion at high solids; (b) solid-liquid separations; and (c) the feedstock issues of carbohydrate
composition variability. Demonstration of a model process at pilot-scale is expected to show successful
integration of developed unit operations. In FY 2008, the program will continue efforts initiated under
the FY 2006 solicitation aimed at integrating thermochemical pretreatment technology.

The program will formulate improved enzyme mixtures and pretreatment processes based on improved
understanding of the structure and function of plant cell walls. Targeted research that utilizes the
Biomass Surface Characterization Laboratory Facility, located within the National Renewable Energy
Laboratory, supports the more applied technology core research by allowing researchers to view plant
components down to the nanometer level and to obtain images of the actual deconstruction of plant cell
walls and other components vis-a-vis various pretreatment and enzyme treatments under various
conditions.

In addition, these funds may be used to support efforts such as peer reviews; data collection and
dissemination; and technical, market, economic, and other analyses.

SBIR/STTR 0 1,243 1,563

In FY 2006, a total of $ $325,000 was transferred to the SBIR program and $40,000 to the STTR
program. The FY 2007 and FY 2008 amounts shown are estimated requirements for the continuation of
the SBIR and STTR programs.

Total, Platforms Research and Development 19,542 50,530 59,400
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Explanation of Funding Changes

FY 2008 vs.
FY 2007
($000)

Thermochemical Platform R&D

The funding increase will be applied to developing, validating and demonstrating

technologies that thermochemically convert biomass to syngas and/or pyrolysis oils that

are integrated with synthesis to transportation fuels. Specific focus areas seek to achieve

higher production yields, and improved quality (out of the reactor) of the syngas and bio-

oils, thus reducing the overall cost of the synthesized fuel. +3,082

Biochemical Platform R&D

The funding increase is needed to broaden the range of feedstocks that are amenable to

enzymatic hydrolysis in partnership with industry. +5,468
SBIR/STTR

Changes in the SBIR/STTR funding are a direct result of changes in the funding of

program activities. +320
Total Funding Change, Platforms Research and Development +8,870
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Utilization of Platform Outputs R&D

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Utilization of Platform Outputs R&D
Integration of Biorefinery Technologies 14,975 53,065 92103
Products Development 7,940 33,931 10,000
SBIR/STTR 0 2,194 2,760
Total, Utilization of Platform Outputs R&D 22,915 89,190 104,863

Description

Utilization of Platform Outputs R&D consists of two key activities, Integration of Biorefinery
Technologies and Products Development. Utilization of Platform Outputs R&D aims at integrating
enabling technologies developed in the Biochemical and Thermochemical Platform, and Products
Development into a biorefinery with the goal of producing cost-competitive fuels, chemicals and
materials, and/or heat and power.

Funding for Integration of Biorefinery Technologies, increasing from FY 2007, will be used to continue
the validation of the near term biorefinery pathways that could ultimately allow the production of cost
competitive cellulosic ethanol. The requested funding increase will support the commercial-scale
biorefinery solicitation authorized by EPACT 2005, Section 932(d). The cost shared projects were
selected for award in FY 2007. Additionally, the funding increase supports the validation of additional
biomass conversion technologies and feedstocks in biorefineries at approximately 10 percent of
commercial scale. The technical and economic performance of these biorefineries will be assessed as a
result of these efforts.

Products Development is focused on the conversion of sugars from the biochemical platform into
ethanol. The program supports public/private partnerships focused on developing a commercially viable
fermentation organism which can help reduce the cost of cellulosic ethanol production

Benefits

Validation of biorefinery concepts at a demonstration scale could reduce technological risk and attract
additional sources of capital at more competitive rates. As more technologies and feedstocks are
demonstrated and validated the risk reward relationship will continue to improve and accelerate
commercialization and oil displacement.

An indicator of progress toward achieving those benefits includes:

= In FY 2008, the program will conduct an independent engineering review to validate contractor
costs and scheduled timeline included in the design package of at least one commercial scale
biorefinery capable for processing up to 700 metric tonnes per day of lignocellulosic feedstocks. In
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order to ensure project efficacy, the independent review will include at a minimum analysis of the
following: commitments from essential project participants including the EPC contractor and major
suppliers, establishment of construction milestones including a construction draw schedule,
approved permits that allow construction to begin, a resource loaded work breakdown structure for
construction, evaluation of project risk factors and project management schedules. In addition, an
analysis of the schedule for financial closings and disbursement schedules will be included.

Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Integration of Biorefinery Technologies 14,975 53,065 92,103

In FY 2008, the program will continue projects resulting from the prior year solicitation to increase
validation of various biorefinery technologies. Increased funding will support the design, engineering
and construction of a commercial-scale biorefinery demonstration facility. Further, projects will be
initiated and awarded for a 10 percent commercial scale biorefinery demonstration and validation
solicitation. In addition, the program will continue to support industry partners as they refine
engineering and economic evaluations, and develop commercialization plans for a biorefinery system.
The program’s selection of projects for funding will be based on strict criteria similar to those used by
investment bankers in high risk project finance decisions. With DOE support, the projects will result in
technological risk reduction and economic validation, thereby enhancing the probability of success for
the private sector’s commercialization and replication of the processes. University and National
Laboratory personnel will conduct research to support industrial partners in overcoming barriers
identified by these projects and continually improve the biorefineries effectiveness and efficiency.

Products Development 7,940 33,931 10,000

In FY 2008, the program will need no new funding for existing bio-based products R&D projects as
they are scheduled for completion. Priorities for the program are shifting to integration of biorefinery.
The program will continue the fermentation R&D activities initiated in FY 2007, which include
competitively selected R&D projects aimed at developing fermentation organisms that have increased
productivity, stability, robustness, and lower cost through an ethanologen solicitation which would
include 2-3 industrial cost-share projects. The ethanologen solicitation is designed to accelerate the
development of advanced micro-organisms to ferment mixed sugars from cellulosic residues, thus
increasing the ethanol output from future biorefineries. These organisms will have the ability to ferment
mixed sugars from cellulosic residues to ethanol.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

SBIR/STTR 0 2,194 2,760

In FY 2006, a total of $505,000 was transferred to the SBIR program and $59,000 to the STTR
program. The FY 2007 and FY 2008 amounts shown are estimated requirements for the continuation of
the SBIR and STTR programs.

Total, Utilization of Platform Outputs R&D 22,915 89,190 104,863

Explanation of Funding Changes

FY 2008 vs.
FY 2007
(5000)

Integration of Biorefinery Technologies
The increase will allow for the construction of a commercial-scale biorefinery
demonstration project and initiate activities towards biorefinery validation at the 10
percent commercial scale. The focus will be on the integration of advanced
technologies, improved efficiencies and the establishment and enhancement of value-
added co-products on a systems level for the production of biofuels. +39,038
Products Development
The decrease resulted from the completion of several bio-based products projects in FY
2007. Priorities for the program are shifting to integration of biorefinery technologies. -23,931
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities. +566
Total Funding Change, Utilization of Platform Outputs R&D +15,673
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Cellulosic Ethanol Reverse Auction

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Cellulosic Ethanol Reverse Auction 0 0 5,000
Total, Cellulosic Ethanol Reverse Auction 0 0 5,000

Description

The implementation of a cellulosic ethanol reverse auction will be conducted in accordance with Section
942 of the Energy Policy Act of 2005.

Benefits

Accelerated rate of introduction of cellulosic ethanol into the market place, in line with production
incentives outlined in Section 942 of the Energy Policy Act of 2005.

Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Cellulosic Ethanol Reverse Auction 0 0 5,000

The Biomass Program will establish the framework for an ethanol reverse auction in accordance with
Section 942 of the Energy Policy Act of 2005. The auction will award incentives on a per gallon basis
of cellulosic biofuels produced as determined through the first reverse auction.

Total, Cellulosic Ethanol Reverse Auction 0 0 5,000

Explanation of Funding Changes

FY 2008 vs.
FY 2007
($000)
The increase will be used to establish the framework to implement a cellulosic ethanol
reverse auction. +5,000
Total, Cellulosic Ethanol Reverse Auction +5,000
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Congressionally Directed Activities

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Congressionally Directed Activities 46,827 0 0
Total, Congressionally Directed Activities 46,827 0 0

Description

In general, congressionally directed activities do not support program goals because such activities were
not a result of the program’s planning effort which is focused on overcoming technical barriers.

In FY 2006, there were 32 congressionally directed activities funded out of the Biomass Program. The
program does not request any funds to continue these projects as they do not further the achievement of
DOE’s goals. The following projects were directed by Congress to be included in this program.

Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Texas A&M — Renewable Energy from Animal
Biowaste 990 0 0

Research on co-firing of animal wastes (including carcasses) with coal in power boilers to reduce
emissions during combustion.

Sugar-Based Ethanol Biorefinery at Louisiana State
University 495 0 0

Development of technology for converting sugarcane residues from harvesting and processing
operations (cane leaf matter, bagasse and molasses) to ethanol and co-products.

Biotech-to-Ethanol Project 990 0 0

Research on fractionating biomass for conversion to various products; development of a process
model for techno-economic analysis.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

Research Triangle Biomass, North Carolina 1,238 0 0

In FY 2005, develop new and optimized catalysts and catalytic processes that can efficiently convert
biomass-derived syngas into diesel fuel and C, to C4 alcohols. In FY 2006, develop catalysts capable
of removing contaminants in the synthesis gas stream to levels enabling catalytic conversion of the
synthesis gas to liquid transportation fuels.

lowa Switchgrass Project - Chariton Valley 742 0 0

Testing of co-firing coal and switchgrass, conducting field research to enable the use of switchgrass
for energy, and developing this market.

Biorefinery at Louisiana State University 495 0 0

Development of technology for converting sugar cane wastes and molasses into fuels and chemicals.

Vermont Biomass Energy Center 495 0 0

Accelerating adaptation of near-term renewable biomass technologies.

Consortium for Plant Biotechnology Research 3,465 0 0

Competitive awards to universities based on industry needs and focusing on plant-derived energy
resources and plant-based energy industries. The membership is comprised of three dozen institutions
of higher education and over 30 companies.

University of Georgia Biomass Pyrolysis Biorefinery
Project 1,238 0 0

Research on pyrolysis of biomass for hydrogen production and fuel cell fabrication techniques.

Wood Debris Bioenergy Project 990 0 0
Develop technology for utilizing wood wastes.

Clarkson University Dairy Waste Partnership 247 0 0
Anaerobic digestion of dairy waste, cheese whey and other strong food wastes.

Madison County Landfill Gas-to-Energy 990 0 0
Power generation using landfill gas in internal combustion engines.

Asphalt Roofing Shingles into Energy, Xenia 990 0 0

Develop technology for converting roofing shingles to energy.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

Ohio State University 4-H Green Building 990 0 0
Use of a heat pump for the heat source for a new building.

Solid Waste Authority Pyramid Resource Center 1,980 0 0

Convert organic components into energy products such as methanol, compressed natural gas,
biodiesel, and hydrogen for power production using a fuel cell.

City of Stamford Waste-to-Energy Project 1,485 0 0

Use a low emission combustion process to convert dried sewage sludge pellets to 10 MW of power
using conventional steam turbine technology.

lowa State University Biomass Energy Conversion
Project 495 0 0

Conduct research on the use of supercritical fluids to extract fermentable sugars from biomass.
Iroquois Bioenergy Consortium Ethanol Project 3,465 0 0
Construction of starch-based ethanol plant in Indiana.

New York Biomass/Methane Gas Power Fuel Cell 1,980 0 0
Testing of simulated landfill or digester gas in solid oxide fuel cells.

Western Massachusetts Biomass Project 495 0 0

Develop the requirements necessary to establish a biomass feedstock infrastructure to serve the needs
of various industries. Modeling will be developed to identify the costs associated with different
processing and handling costs.

Greenville Composite Biomass Project 742 0 0
Project on biomass technology or utilization.

Laurentian Bioenergy Project 1,238 0 0

Develop tree plantations that are to be part of a biomass-to-combined heat and power project. Forest
products residues will be used in the interim.

Kona Carbon Biomass Project 990 0 0

Convert macadamia nut shells into carbon products (activated carbon, carbon for tire manufacture,
etc.).
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

Sustainable Energy Center at Mississippi State
University 10,890 0 0

Establish a center focusing on energy studies and related activities.

Missouri Biodiesel Demonstration Project 990 0 0
Validate biodiesel utilization in specific application.

Auburn Alternative Fuel Source Study of Cement Kilns 990 0 0
Study the potential use of alternative fuel sources for cement kiln operation.

Canola-Based Automotive Oil Research 990 0 0
Research on automotive oil made from oil seed crops.

Center for Advanced Bio-based Binders 792 0 0
Establish center for development of binders made from biomass-derived intermediates.

Development of Applied Membrane Technology 495 0 0
Research on innovative membranes for use in chemical processes.

Michigan Biotechnology Institute 990 0 0
Research on new chemical and bio-chemical processes.

Washington State Ferries Biodiesel Demonstration 495 0 0
Test biodiesel in ferries and evaluate the effect on air quality in Puget Sound.

UNLYV Research Foundation for Developing Biofuels 2,970 0 0

Use of novel ionic transfer membranes to recover ethanol from fermentation broths.

Total, Congressionally Directed Activities 46,827 0 0
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Solar Energy

Funding Profile by Subprogram

(dollars in thousands)

FY 2006 Current FY 2007 FY 2008
Appropriation Request Request
Solar Energy

Photovoltaic Energy Systems 58,802 139,472 137,304
Concentrating Solar Power 7,284 8,900 9,000
Solar Heating and Lighting Systems 1,449 0 2,000
Congressionally Directed Activities 14,256 0 0
Total, Solar Energy 81,791 148,372 148,304

Public Law Authorizations:

P.L. 93-409, “Solar Heating and Cooling Demonstration Act” (1974)

P.L. 94-163, “Energy Policy and Conservation Act” (EPCA) (1975)

P.L. 94-385, “Energy Conservation and Production Act” (ECPA) (1976)

P.L. 95-91, “Department of Energy Organization Act” (1977)

P.L. 95-590, “Solar Photovoltaic Energy Research, Development and Demonstration Act” (1984)

P.L. 95-619, “National Energy Conservation Policy Act” (NECPA) (1978)

P.L. 96-294, “Energy Security Act” (1980)

P.L. 101-218, “Renewable Energy and Energy Efficiency Technology Competitiveness Act of 1989 (1989)
P.L. 101-575, “Solar, Wind, Waste, and Geothermal Power Production Incentives Act of 1990” (1990)

P.L. 102-46, “Solar, Wind, Waste, and Geothermal Power Production Incentives Technical Amendments Act” (1991)
P.L. 102-486, “Energy Policy Act (EPACT)” (1992)

P.L. 109-190, “Energy Policy Act” (2005)

Mission

The mission of the Solar Energy Technologies Program (“Solar Program”) is to conduct research,
development, demonstration and deployment activities to accelerate widespread commercialization of
clean solar energy technologies across America, diversifying the Nation’s electricity supply options,
while increasing national security and improving the environment.

Benefits

Through its research and development activities, the Solar Program aims to develop solar energy
technologies —photovoltaics (PV), concentrating solar power (CSP), and solar heating (SH) — that are
reliable, affordable, and environmentally sound. Transforming the Nation’s vast supply of direct solar
energy into a widely available, affordable, low emission energy resource will increase energy security
both by diversifying domestic energy supply options in both normal market conditions and emergency
situations. Achievement of the program’s goals could also yield economic benefits to consumers and
the electric power industry, and will provide environmental benefits by reducing carbon emissions.
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Greater use of solar energy will also reduce the growth of greenhouse gas emissions associated with
long-term climate change.

The Solar America Initiative (SAI) will fund R&D efforts designed to achieve market competitiveness
for solar electricity by 2015, five years sooner than the program had targeted under the 2006 Budget.
The R&D effort focuses on technology pathways that have the greatest potential to lower costs and
improve performance. The new industry-led R&D partnerships, known as “Technology Pathway
Partnerships,” will address the issues of cost, performance and reliability associated with each
technology pathway. Members of the Technology Pathway Partnerships will include industry,
universities, laboratories, and other governmental entities broadening the base and increasing the
likelihood of achieving the goals. Our modeling suggests that, in 2015, outcomes and benefits could
include 4 GW of cumulative new capacity and 1 million metric tons per year of avoided carbon
emissions.

The Solar Program provides additional types of public benefits in the areas of reliability, security, and
environment.” PV systems can either be integrated with the electricity grid or work independently as
distributed systems, a flexibility which increases our national energy security by providing a widely
available and flexible source of power not dependent on our aging and vulnerable electricity grid
system. CSP systems use dishes for smaller, decentralized systems, and dish arrays and parabolic
troughs for larger, centralized power applications that meet the large output needs of utilities.

Solar energy is particularly valuable in reducing the need for new generating and transmission capacity
because its natural availability matches daily and seasonal electricity peaks. The addition of thermal
energy storage to CSP systems is of particular interest to utilities because it allows them to use solar
energy during their entire periods of peak demand. Solar energy promotes energy security during
emergencies by providing power and hot water that is not dependent on fuel deliveries or overhead
wires that are subject to disruption and which will not contribute to local air pollution during a
protracted emergency. Solar energy displaces demand on the electricity grid most during the hottest,
sunniest days of the year when demand for space cooling peaks reducing the potential for blackouts. If
solar energy can displace conventional power plants, greenhouse gas emissions and criteria pollutant
emissions can be significantly reduced.

More detailed, integrated and comprehensive economic, greenhouse gas reduction, energy supply and
energy security benefits estimates are provided in the Expected Program Outcomes section at the end of
the program level budget narrative.

Strategic and GPRA Unit Program Goals

The Department’s Strategic Plan identifies five Strategic Themes (one each for nuclear, energy, science,
management, and environmental aspects of the mission) plus 16 Strategic Goals that tie to the Strategic
Themes. The Solar Energy Program supports the following goal:

* Not reflected in the quantified benefits reported in the Expected Program Outcomes section.
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Strategic Theme 1, Energy Security

Strategic Goal 1.1 — Energy Diversity: Increase our energy options and reduce dependence on oil,
thereby reducing vulnerability to disruptions and increasing the flexibility of the market to meet U.S.
needs.

Solar energy can decrease natural gas demand and potentially help slow any growth in foreign supplies.

And concurrently supports:

Strategic Goal 1.2 — Environmental Impacts of Energy: Improve the quality of the environment by
reducing greenhouse gas emissions and environmental impacts to land, water, and air from energy
production and use.

Strategic Goal 1.3 — Energy Infrastructure: Create a more flexible, more reliable, and higher capacity
U.S. energy infrastructure.

The Solar Energy Program has one GPRA Unit program goal which contributes to Strategic Goals 1.1,
1.2, and 1.3 in the “goal cascade”:

GPRA Unit Program Goal 1.1.03.00: Solar Energy - The Solar Program goal is to improve the
performance and reduce the cost of solar energy systems to make solar power cost-competitive with
conventional electricity sources by 2015, thereby accelerating large-scale usage across the Nation and
making a significant contribution to a clean, reliable and flexible U.S. energy supply.

Contribution to GPRA Unit Program Goal 1.1.03.00 (Solar Energy)

The key Solar Program contributions to this goal are through increased production of electricity and
diversification of energy supply. The Solar Program works to improve the performance of next-
generation solar energy technologies which reduce system, manufacturing, and installation costs to
levels competitive with conventional energy sources. When Federal solar energy research increased in
the 1970s in response to oil price shocks, the cost of electricity from solar resources was about $2.00 per
kilowatt-hour (kWh). Technological advances by the Solar R&D Program over the last two decades
have contributed to reduced solar electricity costs by more than 90 percent. Today, in areas with
favorable conditions, solar electricity can be produced at costs as low as $0.12/kWh for CSP and as low
as $0.18 for PV applications.

The Solar Program goal of achieving cost-competitive solar electricity translates to a range of costs
based on specific markets. For PV, the estimated cost ranges for market-specific cost-competitive
electricity generation in 2015 are:

= $0.05/kWh - $0.07/kWh for centralized power markets,
=  $0.06/kWh - $0.08/kWh for commercial markets, and
=  $0.08/kWh - $0.10/kWh for residential markets.

The long-term cost goal (2020) for CSP systems in the utility market is $0.05/kWh - $0.07/kWh with up
to 12 hours of thermal storage, which would enable it to compete effectively as base load power.

Key technology pathways to the goals include (detailed annual performance progress indicators are
presented in their respective benefits sections):
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= By 2010, reduce the 30-year user cost for PV electric energy to $0.10 - $0.18/kWh from $0.18 -
$0.23/kWh in 2005.

= By 2010, reduce the cost of large-scale CSP power plants in the Southwest to $0.10 - $0.12/kWh
from $0.12 - $0.14/kWh in 2006.

Funding by Strategic and GPRA Unit Program Goal

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Strategic Goal 1.1, Energy Diversity
GPRA Unit Program Goal 1.1.03.00, Solar Energy
Photovoltaic Energy Systems 58,802 139,472 137,304
Concentrating Solar Power 7,284 8,900 9,000
Solar Heating and Lighting Systems 1,449 0 2,000
Total, GPRA Unit Program Goal 1.1.03.00, Solar Energy 67,535 148,372 148,304
All Other
Congressionally Directed Activities
Rensselaer Polytechnic Institute Syracuse University “Green
Building” 742 0 0
Crowder College Alternative Renewable Energy Center 990 0 0
University of Arkansas Research in Solar Energy Field 495 0 0
Oregon Nanoscience and Microtechnologies Institute 1,485 0 0
Conductive Coating Solar Cell Research Project 1,485 0 0
Ultra Thin Film Photovoltaic Charging System 990 0 0
Brightfield Solar Energy 693 0 0
National Orange Photovoltaic Demonstration 446 0 0
Sandia National Lab Development Of Advanced Cells and
Modules 990 0 0
Sandia National Lab Megawatt Demonstration Concentrating
Solar Project 3,465 0 0
UNLYV Research Foundation For Photonics Research, Including
Evaluation Of Advanced Fiber Optics For Hybrid Solar Lighting 2,475 0 0
Total, Congressionally Directed Activities 14,256 0 0
Total, All Other 14,256 0 0
Total, Strategic Goal 1.1 (Solar Energy) 81,791 148,372 148,304
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Annual Performance Results and Targets

‘ FY 2003 Results

FY 2004 Results

FY 2005 Results

FY 2006 Results

FY 2007 Targets

FY 2008 Targets

GPRA Unit Program Goal 1.1.03.00 (Solar Energy)

Photovoltaic Energy Systems

Reduce manufacturing cost of
PV modules to $2.10 per Watt
(equivalent to a range of $0.19
to $0.24 per kWh price of
electricity for an installed solar
system). [MET]

Concentrating Solar Power

Verity, with standard
laboratory measurements, U.S.-
made commercial production
crystalline silicon PV modules
with 12.5 percent conversion
efficiency.

Verity, with standard
laboratory measurements, U.S.-
made commercial production
thin-film PV modules with 10
percent conversion efficiency.
[MET]

Solar Heating and Lighting Systems

Developed conceptual designs
of a low-cost polymer solar
water heater capable of
operation in freezing climates.
[MET]

Contributed proportionately to

Verify, using standard
laboratory measurements, a
conversion efficiency of 13.5
percent of U.S.-made,
commercial crystalline silicon
PV modules. Production cost
of such modules is expected to
be $1.95 per Watt. [MET]

Develop thin-film PV modules
with an 11.0 percent
conversion efficiency that are
capable of commercial
production in the U.S. [MET]

Achieve 5.0 cents per kilowatt-
hour modeled cost of energy
from solar water heater capable
of operating in non-freezing
climates. [MET]

Contributed proportionately to

EERE’s corporate goal of

EERE’s corporate goal of

Verity, using standard
laboratory measurements, a
conversion efficiency of 13.8
percent of U.S.-made,
commercial crystalline silicon
PV modules. Production cost
of such modules is expected to
be $1.90 per Watt. [MET]

Develop thin-film PV modules
with an 11.2 percent
conversion efficiency that are
capable of commercial
production in the U.S. [MET]

Conduct advanced research on
trough collectors and receivers
that will lead to a reduction in
the modeled cost of energy
from CSP troughs to $0.12-
$0.14/kWh. [MET]

Maintain total administrative
overhead costs (defined as

reducing corporate and
program uncosteds to a range

reducing corporate and
program adjusted uncosted

of 20-25 percent by reducing

obligated balances to a range of

program direction and program

Verity, using standard
laboratory measurements, a
conversion efficiency of 14.5
percent of U.S.-made,
commercial crystalline silicon
PV modules. Production cost
of such modules is expected to
be $1.80 per Watt.

Develop thin-film PV modules
with an 11.8 percent
conversion efficiency that are
capable of commercial
production in the U.S.

Develop CSP trough collector
and receiver technologies that
enable a system conversion
efficiency of 13.1%. The
levelized cost of energy from
such a system is expected to be
in the range of $0.11-
$0.13/kWh.

Maintain total administrative
overhead costs (defined as
program direction and program

Complete R&D that will reduce
the direct manufacturing cost of
silicon PV modules to $1.70
per Watt, roughly equivalent to
a modeled levelized cost of
energy of $0.14-$0.23. kWh.

Complete R&D that will reduce
the direct manufacturing cost of
thin film PV modules to $1.60
per Watt, roughly equivalent to
a modeled levelized cost of
energy of $0.14-$0.23. kWh.

Develop CSP trough collector,
receiver, and storage
technologies that enable a
levelized cost of energy in the
range of $0.11-$0.13/kWh.

Maintain total administrative
overhead costs in relation to
total program costs of less than

support excluding earmarks) in

relation to total program costs

support excluding earmarks) in

12 percent. Baseline for

relation to total program costs
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FY 2003 Results FY 2004 Results FY 2005 Results FY 2006 Results FY 2007 Targets FY 2008 Targets
program annual uncosteds by 20-25 percent by reducing of less than 12 percent. * of less than 12 percent. currently being validated.
10 percent in 2004 relative to program annual adjusted [MET]

the program uncosted baseline
(in 2003) until the target range

uncosteds by 10 percent in
2005 relative to the program

is met. [MET

FY 2004 end of year adjusted
uncosted baseline ($19,342K)
until the target range is met.
[MET]

* Baseline for administrative overhead rate currently being validated.
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Means and Strategies

The Solar Program will use various means and strategies to achieve its GPRA Unit Program goals as
described below. “Means” include operational processes, resources, information, and the development
of technologies, and “strategies” include program, policy, management and legislative initiatives and
approaches. Various external factors, as listed below, may impact the ability to achieve the program’s
goals. Collaborations are integral to the planned investments, means and strategies, and to addressing
external factors.

The Solar Program will implement the program using the following means:

Perform research, development, demonstration and deployment activities in partnership with
coalitions of industry members, universities, National Laboratories and/or States to reduce costs;

Increase photovoltaic module and system efficiency, system reliability, and manufacturing capability
and efficiency;

Select technology pathways for accelerated development of improved manufacturing methods,
materials use, defect control and throughput;

Increase the efficiency and reliability of CSP systems;
Develop low-cost thermal storage for CSP systems;

Perform research and development on advanced, building-integrated solar heating and lighting
systems, such as hybrid solar electric/thermal systems;

Coordinate with the Buildings Technologies Program on the integration of solar technology into
zero energy homes;

Conduct technology acceptance activities to identify and address market barriers to solar technology
usage, and promote market expansion opportunities;

Conduct technology analysis and systems driven analysis to help identify research priorities; and

Develop lower cost production processes for cells and modules.

The Solar Program uses the following strategies:

The SAI features “Technology Pathway Partnerships,” public-private, industry-led partnerships to
achieve SAI goals. These private sector teams will match taxpayer dollars one for one. Key solar
technologies which have the greatest potential for cost competitiveness in this accelerated time
frame will be selected for development. Based on a stage-gate evaluation process, only the
technology pathways with the greatest potential for achieving the 2015 goal will be continued;

Work with cost-shared partnerships consisting of industry members, universities, National
Laboratories, States and/or other governmental entities to solve scientific and technical barriers
necessary to improve performance and reliability, while reducing cost in PV technology pathways;

Use cost-sharing arrangements with industry and other partners to leverage Federal resources;
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=  Work with States, industry, and other entities to leverage Federal taxpayer resources, communicate
technology advances and opportunities effectively, reduce barriers, and accelerate market
penetration of technology applications; and

=  Work with the Office of Science, the Building Technologies Program (EERE) and the Federal
Energy Management Program on solar R&D and deployment opportunities. This includes work
with other agencies such as the Defense Advanced Research Projects Agency (DARPA), etc.

These strategies will significantly reduce the cost of solar technologies, which will improve energy
security by increasing the amount, availability and diversity of the domestic energy supply.

The following external factors could affect the Solar Program’s ability to achieve its strategic goal:

* material costs and availability (e.g., silicon supply, etc.);

= Jabor costs;

= currency exchange rates;

= the price and availability of alternative technologies and conventional fuels;
* international R&D and deployment efforts;

= financial incentives and other policies;

= interest rates and inflation;

= state and local regulation; and

» market participant withdrawal or entry.

In carrying out the mission, the Solar Program performs the following collaborative activities:

= research, development, demonstration and deployment activities, as well as information sharing,
with DOE programs and other governmental entities to improve coordination and collaboration
across Departmental organizational boundaries;

= work with solar energy and other industry experts outside of the Department to:

e cnsure that the Solar Program’s research directions and priorities address the needs of
manufacturers, utilities, state agencies, consumers, and other stakeholders;

e ensure that program activities are within the realm of technical feasibility and properly aligned
with market forces; and

e develop technology roadmaps and peer reviews, versions of which have been completed within
the last two years for each of the primary solar subprograms.

Validation and Verification

To validate and verify program performance, the Solar Program will conduct internal and external
reviews and audits. The table below summarizes validation and verification activities.
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Data Sources:

Baselines:

Frequency:

Evaluation:

Annual Energy Review 2006 (EIA); Renewable Energy Annual 2006 (EIA); Annual
Energy Outlook 2007 (EIA); Zero Energy Homes Roadmap (2002); Peer Review of
the U.S. Department of Energy’s Solar Buildings Technology Research Program
(2001); National Research Council, Renewable Power Pathways: A Review of the
Department of Energy’s Renewable Energy Programs (2000). National Research
Council, Critique of the Sargent and Lundy Draft Assessment of Cost and
Performance Forecasts for Concentrating Solar Power (2002); Sargent and Lundy,
Assessment of Parabolic Trough and Power Tower Solar Technology Cost and
Performance Forecasts (2003); Peer Review of the DOE Photovoltaic Program
(2003); Our Solar Power Future: The U.S. Photovoltaic Industry Roadmap for
2005; Beyond (2004); and Potential Impact of Zero Energy Homes (2006).

The Solar Program’s 2003 baselines for system production cost reduction goals are:
$0.19 — $0.24/kWh for PV electric energy (See the Solar Program Multi-Year
Technical Plan) and; $0.12 - $0.14/kWh for electricity from CSP technologies (See
the CSP Technology Transition Plan 2004). Documents can be found at:
www.eere.doe.gov/solar/about.html. A baseline has not yet been established for a
hybrid solar electric/thermal system.

Annual.

In carrying out the program’s mission, the Solar Program uses several forms of
evaluation to assess progress and to promote program improvement.

= Technology validation and operational field measurement;

* Implementation of a consistent methodology across the program for analyzing
levelized cost of energy (LCOE);

= Critical peer review of both the program and subprogram portfolios and
activities by independent outside experts;

* Annual internal Technical Program Review of the Solar Program;
= A Technical Review Team specific to the SAI is under development;

= Specialized program evaluation studies to examine process, impacts, or market
baseline and effects, as appropriate;

» Quarterly and annual assessment of program and management results based
performance through Joule (the DOE quarterly performance progress review of
budget targets); PMA (the President’s Management Agenda -- annual
Departmental and PSO based goals whose milestones are planned, reported and
reviewed quarterly); and PART (common government wide program/OMB
reviews of management and results); and

* Annual review of methods, and re-computation of potential benefits for the
Government Performance and Results Act (GPRA).
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Data Storage: ~ EIA and other organizations, such as National Laboratories (including the National
Renewable Energy Laboratory (NREL), Sandia National Laboratories (Sandia),
store data on computer servers.

Verification: Peer reviews; National Laboratory system and component test data; trade
association reviews; National Laboratory survey of PV manufacturing cost/capacity
data from U.S. industry; EIA survey of solar manufacturers; literature reviews.

Program Assessment Rating Tool (PART)

The Department implemented a tool to evaluate selected programs. PART was developed by OMB to
provide a standardized way to access the effectiveness of the Federal Government’s portfolio of
programs. The structured framework of the PART provides a means through which programs can assess
their activities differently than through traditional reviews. The Solar Program has incorporated
feedback from OMB into the FY 2008 Budget Request and has taken or will take necessary steps to
continue to improve performance.

The 2003 PART rated the Solar Program “moderately effective” - the second highest rating category-
with the following scores: purpose (80%), planning (80%), management (100%), results and
accountability (58%) . The 2003 PART review and score, and subsequent follow-up activities by the
Solar Program, provided suggestions that resulted in refined long-term and annual measures
incorporated in this FY 2008 budget request. The PART review also recognized that the Solar Program
has implemented a new “systems driven” approach to help prioritize activities in its portfolio by
analyzing present and potential markets, technology trade-off studies, and research and development
reviews, and recognized that the program had developed a Multi-Year Technical Plan to guide its
research efforts. In addition, the PART review also recognized that Congressionally Directed activities
reduce the program funding available for competitive solicitations and core National Laboratory
research designed to support program goals. The Solar Program is attempting to adhere to the specific
direction of congressional appropriation earmark language while increasing the contribution to program
goals to the maximum extent possible.

The program is developing and using peer reviewed cost models to assess the levelized cost of energy
and the installed cost for various applications. These tools will be used for technology “down-selects”
and stage gate decisions.

The Department has responded to the PART recommendation of “Develop guidance that specifies a
consistent framework for analyzing the costs and benefits of research and development investments, and
use this information to guide budget decisions.” The Department has specified common scenarios
common methodology, and standardized benefits measures to allow analyzing the costs and benefits of
applied R&D investments. While progress has been made, benefits estimates across programs are still
not completely comparable. The Department continues to work on implementation of common
assumptions and a consistent approach to incorporation of risks.

Expected Program Outcomes

The Solar Program pursues its mission through integrated activities designed to increase the use of
domestic renewable resources. We expect that these improvements will provide economic,
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environmental and security benefits. We expect the most significant benefits to be in reduction of
carbon emissions, and in reduction of costs to the electric power industry. In the long-term, we also
expect economic benefits to accrue to consumers.

Of particular importance to national security, solar energy technologies can produce emergency power
without fuel and connection to the grid. Fuel-free generation obviates the need to transport fuel during
emergency situations in which critical fuel and transportation infrastructure may be damaged or
incapacitated.

EERE’s Solar Energy Program Goal Case reflects the increasing penetration of solar energy over time,
as the program’s goals are met. Not included are any policy or regulatory mechanisms, or other
incentives not already in existence, that might be expected to support or accelerate the achievement of
the program goals. The expected benefits reflect solely on the achievement of the program’s goals.

The goals are modeled in contrast to the “baseline” case, in which no DOE R&D exists. The baseline
case is identical to those used for all DOE applied energy R&D programs.” Further, across EERE, and
across all of DOE’s applied energy R&D programs, the expected outcome benefits are being calculated
using the same fundamental methodology. Finally, the metrics by which expected outcome benefits are
measured are identical for all of DOE’s applied energy R&D programs.” This standardization of
methods and metrics has been undertaken as part of the Department’s efforts to respond to the Strategic
Management System initiative and OMB’s request to make all programs’ outcomes comparable.

The difference between the baseline case and the program goal case results in economic, environmental
and security benefits. For example, achievement of program goals results in avoided carbon emissions
of 23 million metric tons in 2030 and 50 million metric tons in 2050. If technology targets and market
expectations are met under SAI, activities are expected to result in an estimated 60 gigawatts (GW) of
electric capacity additions and $8 billion in electric power industry energy savings annually by 2030,
rising to 190 GW of electric capacity additions and $31 billion in electric power industry savings
annually by 2050. Finally, the program would result in consumer savings of $50 billion in 2050. The
results are generated by modeling the program goals within two energy-economy models: NEMS-
GPRAOS for benefits through 2030, and MARKAL-GPRAOS for benefits through 2050.° The full list of
modeled benefits appears below.

* The starting point for the baseline case is the Energy Information Administration’s “reference case,” as published in the
AEO 2006. Program analysts from across DOE examined the AEO to determine the extent to which their program goals are
modeled (explicitly or implicitly). If program goals are modeled in the AEO, they are removed in the GPRA baseline.
Further, some programs believe that the AEO’s technology representation is too conservative, even in the absence of
program goals, and thus in certain cases a modification is made to make the technology representation in the baseline case
more optimistic than the AEO.

® The set of expected outcome metrics being used this year differs in substantial ways to that of previous years. In addition
to the standardization across DOE’s applied energy R&D programs, the list is expanded and more comprehensive than in
past years. Further, the list maps to DOE strategic goals. The expected outcome metrics represent inherent societal benefits
that stem from achievement of program goals.

¢ Final documentation on the analysis and modeling, including all of the methodologies and underlying assumptions, is
expected to be completed and posted on the web by March 31, 2007. Past GPRA modeling and analysis documentation can
be found at http://www.eere.energy.gov/ba/pba/gpra.html.
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Program Indicators

| 2010 | 2020 | 2030 | 2040 | 2050 |
Additional Billion MWh 0 35 145 547 577
Generated
Additional GW Installed 0 16 61 206 187

FY 2008 GPRA Benefits Estimates for Solar Energy Program® °

2010 2020 2030 2040 2050

Environmental Benefits (Goal 1.2)

Avoided carbon emissions, annual (MMTC) 0 10 23 47 50
Avoided carbon emissions, cumulative (MMTC) 2 33 177 554 1,047
Reduced cost of criteria pollutant control, NPV* (bil. 2004
$ ns ns ns NC NC
Economic Benefits (Goal 1.4)
Consumer savings, annual (bil. 2004 $) ns ns ns 52 50
Consumer savings, NPV (bil. 2004 $) ns ns ns 138 328
Electric power industry savings, annual (bil. 2004 $) 0 1 8 37 31
Electric power industry savings, NPV(bil. 2004 $) 0 4 28 168 291
Household energy expenses reduced, annual (bil. 2004 $) ns ns ns 0.8% 0.7%
Energy intensity reduced (% change in E/GDP) 0.0% 0.2% 0.5% 1.2% 1.1%
Net energy system cost savings, annual (bil. 2004 $) NC NC NC 8 9
Natural gas price change, moving avg. (2004 $ / TCF)* ns ns ns NC NC
Security and Reliability Benefits (Goal 1.1 or 1.3)
Avoided oil imports, annual (mbpd) ns ns ns 0.0 0.1
Avoided oil imports, cumulative (bil. bbl) ns ns ns 0.1 0.4

? Benefits through 2030 are calculated with the NEMS-GPRAO8 model. Benefits from 2035 through 2050 are calculated
with the MARKAL-GPRAOS model. “NC” indicates situations in which no calculation was done because of specific model
limitations. “ns” indicates results that were “not significant”—within the noise of the models.

® Projected benefits do not include any potential policy changes that might enhance technology deployment. In addition,
most technologies show diminishing benefits by 2050, because of the assumption built in to the analysis that baseline
industry progress will eventually catch up with the more accelerated progress associated with EERE program success.

¢ Net present value calculations throughout this table are performed for cumulative economic metrics, and are done using a
3% real discount rate, cumulative to 2008.

4 The prices reflected here are average delivered prices to all sectors, and are based on a three year moving average. Thus the
measure of benefit is the change in the three year moving average delivered price, in $ per thousand cubic foot.

Energy Supply and Conservation/
Energy Efficiency and Renewable Energy/
Solar Energy Page 172 FY 2008 Congressional Budget



2010 2020 2030 2040 2050

Security MPG improvement (%)* ns ns ns ns ns
Transportation fuel diversity improvement (%)° ns ns ns ns ns
Oil intensity reduced (% change in bil bbl/GDP) ns ns ns 0.6% 0.8%

* Security MPG is the ratio of vehicle miles traveled by light duty vehicles to their usage of oil. It captures oil avoidance by
efficiency and fuel alternatives.

® Fuel diversity is measured by the Shannon-Weiner Index (SWI) of diversity. The SWI is a measure of “proportional
diversity,” and hence captures both abundance and richness, i.e., how many different fuels and how much of each fuel both
factor into the calculation.
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Photovoltaic Energy Systems

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Photovoltaic Energy Systems

Applied Research 26,393 28,927 24,350

Systems Development 19,668 92,925 79,720

Technology Acceptance 12,741 14,306 16,340

Technology Evaluation 0 0 14,658

SBIR/STTR 0 3,314 2,236
Total, Photovoltaic Energy Systems 58,802 139,472 137,304

Description

Photovoltaic (PV) technologies utilize semi-conducting materials that directly convert sunlight into
electricity. Modular by nature with no moving parts, they can be sized to almost every need and placed
almost anywhere sunlight is available.

The basic building block of a photovoltaic system is the solar cell that converts sunlight into electricity.
Solar cells are connected together to form modules, and the modules can be further connected together
to form arrays. The modules and/or arrays are used to power electrical appliances, such as security
lighting or highway signs, or feed electricity directly into the grid via inverters such as a roof-top system
on a home. R&D efforts are focused on improving performance of systems (i.e. increasing efficiency)
and reducing manufacturing and installation costs.

Benefits

Consistent with EPACT of 2005, Section 931, the Photovoltaic Energy Systems subprogram focuses on
the development of highly-reliable PV systems with user lifetime energy costs competitive with
electricity from conventional resources. The PV subprogram attempts to achieve this goal by: 1)
increasing the sunlight-to-electricity conversion efficiency (performance) of cells, modules and systems;
2) reducing the manufacturing cost of cells, modules, balance of plant components, and overall systems;
3) reducing the installation, interconnection and certification costs for residential, commercial and utility
systems, and 4) increasing system operating lifetime and reliability.

Photovoltaics are never sold as individual solar cells; the fundamental commercial unit is the
photovoltaic module. Module size is typically one square meter with a power output of 140 Watts (W)
roughly 1’2 times the energy needed for the typical light bulb. The module comprises 50-60 percent of
the cost of an installed PV system and presents a significant opportunity for cost savings. Current
crystalline silicon power modules produced in the U.S. are approximately 13.8 percent efficient and
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produce electricity at 17 to 22 cents/kWh®. Crystalline silicon is the most mature technology and
comprises greater than 90 percent of the market. New technologies have the potential for lower costs
include thin films and high performance multi-junction cells for use in concentrating collectors.

To more rapidly lower costs and improve performance, the PV subprogram is accelerating and
realigning its R&D activities under the Solar America Initiative (SAI) to focus on technology pathways
that have the highest potential to reach cost competitiveness by 2015. New industry-led partnerships,
known as “Technology Pathway Partnerships,” will be funded to address the technical issues associated
with each pathway. Milestones and metrics will be used in a stage-gate process to monitor progress.

The SAI strategy to reach the program’s 2015 cost-competitiveness goal is to promote and compete the
best technology options. Following a stage gate evaluation process significant funding will be expended
only on those technology pathways that have the most potential and can produce tangible results. This
strategy is aimed to maximize public funding benefits while increasing the chance of achieving program
goals.

PV activities will be coordinated with the Office of Science, Office of Electricity Delivery and Energy
Reliability, the Building Technologies Program and the Federal Energy Management Program (FEMP).
The Solar Program is working with the Office of Science to coordinate the Department’s basic research
activities that are crucial to addressing fundamental technical problems associated with current
technologies, as well as new 3™ and 4™ generation technologies such as polymers, organics and nano-
technologies. This coordination will be documented in the DOE Solar Energy National Solar Action
Plan, September 2007. Likewise, closely coordinated planning and research with the Building
Technologies Program’s zero energy buildings activities will lead to PV products that are easily
integrated in new and existing building designs. The Solar Program will work with FEMP to seek
Federal deployment opportunities for PV systems. Coordinating this research with other Federal offices
both ensures the most efficient use of resources and the best opportunity for the Department to achieve
its goals.

For FY 2008, the PV subprogram’s priorities are:

=  Align R&D activities to concentrate on the most promising technology pathways and market
acceptance activities.

= Produce R&D results and meet all technical milestone commensurate with the first full year of
industry-led multi-year 50-50 cost-shared contracts under competitive solicitations to reduce costs.
The Technology Pathway Partnerships and Technology Acceptance activities will include teams
with industrial, university, National Laboratory, and/or state agency partners.

=  Work closely with the Office of Science and the Building Technologies Program on the scientific,
technical, and strategic issues that limit PV performance and application. Improved understanding
of the scientific underpinnings of PV materials and devices, deposition and fabrication processes,
and the optimal methods for fitting PVs to buildings—ultimately providing a key component of the
zero energy buildings—will help the Solar Program achieve its goals.

? Data from 2006. Lifetime system user cost over 30 years in areas with a wide range of favorable conditions. Costs could be
greater in certain areas depending upon climate and financing available.

Energy Supply and Conservation/
Energy Efficiency and Renewable Energy/
Solar Energy/Photovoltaic Energy Systems Page 175 FY 2008 Congressional Budget



=  Advance module and system manufacturing technologies to achieve higher performance and lower-
cost products with faster throughput.

= Continue systems reliability research to increase the lifetime of thin-film modules and the mean
time to failure of DC-to-AC current inverters for low-cost, grid-tied distributed PV systems.

Increasing module efficiency is a critical component to lowered system production costs (per Watt) and
successful entry of PV systems into energy markets. Although a main focus of SAI is on reducing
system costs and improving manufacturing processes through industry-led consortia, module efficiency
levels remain an important component of lowering the cost of energy from PV systems.

U.S.-Produced PV Module Efficiency Targets and Actuals

(Conversion Efficiency (%))

Historic Planned

2003 2004 2005 2006 2007 2008 2009 2010 2011 2015

Efficiency
Target 12.5 13.0 13.5 13.8 14.5 15.5 16.0 16.5 17.0 20.0
Actual 12.5 13.0 13.5 - - - - - - -

The Solar Program uses the following PV module manufacturing cost data and projections presented
below as helpful indicators of progress toward achieving program benefits:

Historic and Projected Solar Energy Costs

Historic Planned

2003 2004 2005 2006 2007 2008 2009 2010 2011 2015

Manufacturing Cost PV Modules ($/Watt)

Target 2.10 1.95 1.95° 1.90 1.80° 1.70 1.60 1.50 1.40 1.00

Actual® 2.10 1.95 1.92 - - - - - - -

* PV cost targets were adjusted for 2005 and outward due to verification processes. No technical targets were changed but
the target verification process caused the stated targets to slip one year due to availability of market data.
" Outyear cost targets have been modified based on recent increases in material costs (e.g., silicon).

¢ “Actual” cost data represents the lowest costs reported by a major U.S. module manufacturer during an annual
manufacturing survey.
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Historic Planned

2003 2004 2005 2006 2007 2008 2009 2010 2011 2015

Cost of Power from PV Modules ($/kWh)*

0.19- 0.18- 0.18- 0.17- 0.16- 0.14- 0.12- 0.10- 0.09- 0.05-

Target 0.24 0.23 0.23 0.22 0.27 0.23 0.20 0.18 0.16 0.10
0.19- 0.18- 0.18-
Actual 0.24 0.23 0.23 - - - - - - -

To implement the budget and performance integration portion of the President’s Management Agenda,
the Solar Program participated in the Administration’s R&D Investment Criteria (R&DIC) evaluation
process, the OMB Program Assessment Rating Tool (PART) process, and an internal multi-year
program planning (MYP) process. These exercises guided program budget planning, management
decisions, and performance goals and targets.

Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Applied Research 26,393 28,927 24,350

Applied Research is essential to the advancement of photovoltaic technology to meet the Solar
Program’s accelerated goal of making solar electricity cost-competitive by 2015. The activity’s main
emphasis is on cross-cutting research focused on semiconductor material, device and processing
issues that benefit multiple companies and/or technologies. Applied Research supports the SAI
through laboratory and university research that addresses the needs of the industry-led partnerships.
Key to this support are the research activities in the new Process Development Integration Laboratory
(PDIL) within the Science and Technology Facility (S&TF) at NREL. The research conducted in
these laboratories is designed to shorten the time lag between laboratory bench results and the
introduction of commercial product. In the PDIL, laboratory researchers will work side-by-side with
industry researchers to improve larger-scale processing of thin films and crystalline silicon. The Solar
Program is also working with the Office of Science (OS) to help coordinate and accomplish OS’s
basic and EERE’s applied solar research needs.

 Cost of power is expressed in ranges due to the diversity of PV module applications. The low end of costs reflect
commercial applications under good conditions, such as advantageous financing terms and sunny locations, while the higher
end of the range is more common in residential applications. Costs could be impacted by changing key factors, such as
interest rates, labor costs, raw material costs, Federal, State and local incentives, global deployment efforts, and geography of
installation. The Solar Program has a better sample of data across U.S. installations and has used it to calibrate our cost
analysis tool. This has resulted in higher cost estimates for residential PV installations.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

In the re-organized Applied Research area there will be three main research activities performed in
FY 2008: the University and Exploratory Research Project, the High Performance Project, and the
Electronic Materials and Devices research activity. The Measurements and Characterization research
activity (previously in Fundamental Research) has been moved into a new PV area called Technology
Evaluation. These changes will provide more focused support to the SAI.

The University and Exploratory Research Project works on cross-cutting research to help solve
fundamental scientific problems associated with all PV materials and devices, as well as investigating
innovative ideas that may lead to next-generation technologies. The high-risk research on the next-
generation technologies opens the door to new solutions and concepts that could dramatically improve
cost effectiveness in the mid- to long-term. In FY 2008, two competitive solicitations will be issued
for universities, one to conduct research in support of the SAI Technology Pathway Partnerships and a
second for research on next-generation technologies. This research is primarily designed to help
achieve the SAI 2015 goals, but the university research on longer-term, next generation technologies
will also provide industry with pathways for even lower cost solutions in the post-2015 timeframe.

The High Performance project supports research to substantially increase the efficiency of two
promising next-generation technologies: 1) monithically inconnected multi-junction thin films; and 2)
high-efficiency multi-junction concentrating cells. In FY 2008, these three-year contracts with
industry will be completed. All future work on in this area will be conducted through the competitive
solicitations mentioned above under the University and Exploratory Research project.

Electronic Materials and Devices is a core laboratory research activity that is cross-cutting and
supportive of all technologies. The Electronic Materials and Devices Project carries out research in
semiconductor materials, device properties, and fabrication processes to improve the efficiency,
stability, and cost of photovoltaic solar energy conversion. This research supports technology in
near, mid- and long-term time frames. Applied research includes collaborative assistance to industry
in solving current problems, exploration of specific techniques and processes to develop
improvements that industry needs, and creating new, next-generation technologies with lower costs to
open larger markets for PV. Through these activities the project supports both flat-plate and
concentrator PV technologies at the cell and module level, as well as next-generation technologies.
Most of these research activities will be conducted in the Science and Technology Facility (S&TF) in
support of the Technology Pathway Partnerships (TPPs).

Important to all research activities, the subprogram will conduct necessary analysis activities to help
insure performance measures and goals are attained.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

Systems Development 19,668 92,925 79,720

The Systems Development activity works primarily through cost-shared contracts with industry to
advance the development of PV systems and components. This activity has two primary projects, the
Technology Pathway Partnerships (TPPs) and Component Development. The Technology Pathway
Partnerships project will build on the industry sub-contracts funded under the Component
Development Project, which are due for completion in FY 2008.

The industry-led Technology Pathway Partnerships will execute projects segmented into three
manageable three-year phases, with new funding opportunities released at the completion of each
phase — for both continuing teams and new applicants. These phases will progressively reduce the
cost of commercially-available PV systems and components, and will ultimately yield commercial
products and production processes that achieve the LCOE and support installed capacity targets by
2015.

Funding for R&D projects during the first of these phases is being offered through a Funding
Opportunity Announcement (FOA) that was issued in FY 2007. This FOA solicited partnerships with
U.S. industry for projects that focus on development, testing, demonstration, validation, and
interconnection of new PV components, systems, and manufacturing equipment. In addition to PV
industry members, potential team members within the Technology Pathway Partnerships include
builders, universities, National Laboratories, States and other entities.

Partnerships will develop new PV solutions for the residential, commercial, and utility market sectors
of grid-tied electric power. These are described as follows:

Residential Rooftop Market: Typically mounted on rooftops and range in size from under 1kW to
10kW, most commonly in the 3 — 4 kW range. These systems are connected to the grid on the
retail (customer) side of the utility meter. These systems can be retrofitted onto existing homes or
integrated into new construction through building-integrated PV (BIPV) designs.

Commercial Rooftop Market: Typically mounted on the large flat roofs of commercial,
institutional, and industrial buildings, ranging in size from less than 10kW to 500kW and
connected on the retail side of the utility meter. Retrofits and BIPV are possible applications in
this market as well.

Utility Market: Large-scale (multi-megawatt) systems that displace conventional utility generated
intermediate load electricity (e.g. natural gas CCT plants) on a wholesale basis. Typical utility PV
systems are ground-mounted and range in size from IMW to10MW, although much larger systems
are possible. Designs include both fixed and tracking configurations.

Under the Technology Pathway Partnerships, key photovoltaic technologies which have the greatest
potential for cost-competitiveness by 2015 will be selected for development. Examples of promising
PV technologies include crystalline silicon modules and systems and thin film modules and systems.
Other component and system technologies could be selected as well. SAI partnerships will also
consider development and testing of balance-of-system component designs that address emerging
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

requirements for modularity, interface standardization, reliability, and decreased installation cost.

In order to focus industry-led teams on the technology improvements that they are best-prepared to
address, the Partnerships will include two “classes” of varying technical scope and funding level:

Systems Class projects (Integrated systems) - These larger projects will address multiple
technology improvements in PV system and component design, integration, and installation.

Subsystems Class projects (Component-based/cross-cutting) — These smaller projects will focus
on fewer technology developments to improve PV systems.

Both Systems Class and Subsystems Class projects will be required to demonstrate the benefits of a
project on system-level LCOE and installed capacity. New PV components and systems developed
through these projects will be required to meet all applicable codes, standards, and environment,
safety, and health regulations.

The Component Development activity will use industry, laboratories and universities to help advance
the state-of-the-art of individual components as opposed to fully integrated systems development
which is the main emphasis of the Technology Pathway Partnerships. There are four project activities
under Component Development: The Thin Film Partnerships, Advanced Module Manufacturing,
Module Packaging, and Inverter and Balance of System (BOS) development.

To accommodate SAI, the Thin Film Partnership and Advanced Manufacturing R&D cost-shared
contracts with industry will be brought to successful completion in FY 2008. All work considered
valuable under these two activities will have been recompeted under the Technology Pathway
Partnership solicitations.

The existing Thin Film Partnership Program has maintained strong research teams to focus R&D on
promising thin-film technologies. These research teams are comprised of university, industry, and
laboratory researchers who work to solve generic issues as well as industry specific problems. In FY
2008, the program will be brought to conclusion by completing the final year of the three-year cost-
shared contracts.

In Advanced Manufacturing R&D, partnerships with the domestic PV industry were formed with the
goal of reducing costs, and increasing efficiency and manufacturing capacity to help enhance
industry’s competitiveness. University, industry, and National Laboratory researchers have worked to
identify deficiencies and develop solutions that will improve sunlight-to-electricity conversion
efficiencies, while lowering manufacturing costs. In FY 2008, the final year of the PV Manufacturing
R&D three-year 50-50 cost-shared subcontracts will be brought to conclusion.

In the Module Packaging activity, researchers will work to solve reliability issues such as
degradation mechanisms and intrinsic instabilities of pre-commercial thin film modules, and to
improve packaging for 30-year outdoor lifetime. This important activity will continue to strongly
support the Technology Pathway Partnerships.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

Inverter and Balance of System (BOS) development focuses on the critical need to improve the
reliability of the inverter and other BOS components. Emphasis is placed on reducing life-cycle
costs by increasing mean-time-between-failure (MTBF) of inverters and battery charge controllers,
by developing higher performance technologies through advanced solutions to thermal management
and surge protection, and by optimizing designs to achieve “plug and play” ability.

In addition, necessary analysis and communication activities will be conducted to help ensure
performance measures and goals are attained.

Technology Acceptance 12,741 14,306 16,340

All of the work under Technology Acceptance is focused on achieving the cost competitiveness of
solar energy technologies, by minimizing market barriers to solar commercialization and promoting
opportunities for solar technology market penetration.

The first area of work involves codes and standards. The Solar Program will continue to fund the
Solar Codes and Standards Working Group, the State & Regional Code Proceedings Team, and the
National PV Module Performance Rating System efforts, each in the second year of funding. Areas of
work include providing assistance on interconnection standards, building codes and net metering
regulations; developing and promoting national module performance rating systems. DOE will work
closely with many stakeholders in this area, including State and local governments, the solar
manufacturing community, non-profits, and others.

Secondly, the program will continue to fund activities supporting the training and certification of solar
installers and code officials, and working to create a sufficiently large and qualified workforce that
can install PV systems in sufficient quantities to meet the goals of the SAI.

The third area of work involves building integration and system finance activities. The Solar Program
will continue to coordinate with the Building Technologies Program in the areas of building-
integrated photovoltaics (BIPV), solar system finance and Zero Energy Buildings (ZEB). Activities
will seek to more fully integrate PV into buildings by working with building and solar industry sector
stakeholders. Input from ZEB activities will also provide insight into how best to integrate PV
technologies into building designs in order to maximize cost-effective energy production. Also within
this area of work is the Solar Decathlon, a high-profile university competition held biannually in
Washington, D.C., that promotes awareness of solar energy technologies among the general
population and encourages incorporation of solar technologies into engineering and architecture
school curricula. In system finance, the results of the comprehensive financing study conducted in FY
2007 should be available in FY 2008, and the recommendations from that study will inform the
program’s course of action in this area.

In the fourth area, technical partnerships and demonstrations, the program will focus on providing
technical assistance (but not hardware purchases) to large-scale, high-visibility installations, such as
new building communities, big box retailer installations, and utility-scale solar. Two activities
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

entering their second year will be the Solar America Cities activity (formerly City Strategic
Partnerships) and Solar America Showcases. Both activities involve partnerships between DOE and
stakeholders to leverage the advanced solar efforts occurring throughout the U.S. on a local level.

The Solar America Cities activity features assistance to U.S. cities that have committed to solar, while
the Solar America Showcases effort provides technical assistance to companies, States, and other
entities for large-scale, high-visibility solar projects.

The fifth and final area of Technology Acceptance features technical outreach and communications
activities. Efforts here include the second year of both the Utilities Technical Outreach activity and
the State Technical Outreach activity, both begun in FY 2007. The purpose of these activities is to
provide technical information on solar technologies and related topics (interconnection) to utilities
and States as needed. Technology Acceptance also includes the communication and international
activities of the Solar Program. Communications, education and outreach activities are necessary to
increase user acceptance and communicate advancements in a rapidly changing energy sector. In FY
2008, such activities will be targeted at select stakeholder groups to best promote the SAI and achieve
high return for each dollar invested.

Technology Evaluation 0 0 14,658

Technology Evaluation is a new activity area for FY 2008 that contains no new R&D work, but
rather contains ongoing activities transferred from the other three PV areas. By combining all
evaluation activities into a single subtask, greater efficiency will be obtained.

Technology Evaluation activities focus on evaluation of technical advances throughout the Solar
Program using independent testing and analysis, including the evaluation of ongoing system-level
progress of the Technology Pathway Partnerships. Technology Evaluation activities also include the
development of models that predict system performance and cost based on industry data and data
taken from systems operating throughout the country. Also included are detailed analysis of
industry’s technology, manufacturing capability, and business plans. Many of these technical
evaluation activities will be used to conduct the necessary stage-gate reviews and periodic
downselects critical to the success of the SAIL

Technology Evaluation will contain three primary activities: Systems Analysis, System Test and
Evaluation, and Component Test and Evaluation.

System Analysis activities will continue benchmarking, modeling and analysis for the systems
driven approach. Also included are market, value and policy analysis necessary to support the SAI.

Systems Test and Evaluation activities will focus on the critical need to test and evaluate all the
deliverables developed under the Technology Pathway Partnerships. The information will be used
to determine if the Partnerships are meeting their milestones and goals on time. This independent
testing activity will provide the data necessary to conduct stage-gate reviews and periodic
downselects as the SAI proceeds through its series of competitive phases. The Systems Test and
Evaluation activity also includes laboratory R&D to help reduce the cost of installed systems and
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

improve their reliability (because the Systems Engineering and Reliability activity formally under
Technology Development has been folded into the new Systems Test and Evaluation activity). The
laboratory R&D emphasizes four technical objectives: 1) reducing life-cycle costs; 2) improving
reliability of systems and system components; 3) increasing and assuring the performance of fielded
systems; and 4) removing barriers to the use of the technology.

In FY 2008, performance evaluation of thin-film systems will be conducted in the field by the
Regional Experiment Stations (RESs) to compare against benchmark data in both hot, humid climates
representative of the southeastern U.S. and hot, dry climates representative of the southwestern U.S.
Accelerated lifetime testing in the laboratory will be conducted in parallel of the field testing. Any
failures found in the field or in the laboratory will be analyzed to determine the degradation
mechanisms. Work at the RESs will also continue to improve the reliability of distributed grid-tied
systems, especially in the buildings sector.

The Measurements and Characterization activity, formerly under Applied Research, has been
transferred to this area and now comprises the new Component Test and Evaluation activity. Under
the Component Test and Evaluation activity, researchers work in partnership with universities,
industry and the National Laboratories to improve the efficiency of cell materials and devices by
investigating their fundamental properties and operating mechanisms. This teamed research approach
identifies efficiency-limiting defects in cell materials and analyzes their electrical and optical
properties. In FY 2008, the Component Test and Evaluation activity will focus its efforts on
supporting the new Technology Pathway Partnerships under Systems Development. Researchers will
work with the partnerships to improve the understanding of materials, impurities and defects and their
impact on device performance and reliability.

SBIR/STTR 0 3,314 2,236

In FY 2006, a total of $1,023,000 was transferred to the SBIR program and $142,000 to the STTR
program. The FY 2007 and 2008 amounts shown are estimated requirements for the continuation of
the SBIR and STTR program.

Total, Photovoltaic Energy Systems 58,802 139,472 137,304
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Explanation of Funding Changes

FY 2008 vs.
FY 2007
($000)

Applied Research

Applied Research will undergo realignment in FY 2008 as much of the Measurements
and Characterization activity is transferred to the Component Test and Evaluation
activity under Technology Evaluation. -4,577

Systems Development

Systems Development will be reduced in funding because the contracts under the Thin

Film Partnership Program and the Advanced Manufacturing R&D project will be

completed. Also, the module and systems test and evaluation activities previously under

this area, Systems Development, have been transferred to the Technology Evaluation

activity. -13,205

Technology Acceptance

Market Transformation activities will be increased to meet the SAI market goal of

achieving cost-competiveness for solar by 2015. Specific activities will include the

addition of more cities under the more expansive Solar America Cities activity, and

the development of a new solar financing activity. +2,034

Technology Evaluation

Technology Evaluation is a new activity area starting in FY 2008. It contains no new

R&D work, but rather contains ongoing activities transferred from the other three PV

areas: Measurements and Characterization from Applied Research; Systems Engineering

and Evaluation from Systems Development; and systems analysis activities from

Technology Acceptance. +14,658

SBIR/STTR

Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities. -1,078

Total Funding Change, Photovoltaic Energy Systems -2,168
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Concentrating Solar Power
Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Concentrating Solar Power 7,284 8,720 8,874
SBIR/STTR 0 180 126
Total, Concentrating Solar Power 7,284 8,900 9,000

Description

Consistent with Sections 931 and 934, EPACT of 2005, the Solar Program will develop concentrating
solar technologies that address market barriers for generating electricity and fuels. Concentrating solar
power (CSP) systems utilize the heat generated by concentrating and absorbing the sun’s energy to
produce electric power. The concentrated sunlight produces thermal energy to run heat engines or steam
turbines for generating power or producing clean fuels such as hydrogen. Although CSP plants can be
configured in all sizes, they are most cost effective when they produce greater than 100 MW. Therefore,
CSP systems are strong candidates for centralized power applications by utilities.

The Solar Program is working with industry on the development of parabolic trough and dish-engine
systems. Trough systems use linear parabolic concentrators to focus the sun’s radiation on a receiver
located at the focus of the parabola, producing temperatures of about 390°C. Dish-engine systems
comprise a parabolic dish concentrator, a thermal receiver, and a heat engine/generator. The heat
engine/generator, located at the focus of the dish, operates at over 790°C to generate power.

Trough systems are best suited for large-scale power applications (30 - 200 MW plants) and have the
valuable attribute of dispatchability due to their use of thermal storage. Dish-engine systems are well
suited for distributed mini-grid applications ranging in size from 2 to 25 kilowatts (kW), but can also be
configured for large power applications in the hundreds of megawatts. The prospects for CSP
brightened considerably the last two years with the completion of a 1 MW trough plant in Arizona,
construction of a 64 MW trough plant in Nevada, and the initiation of several projects in California that,
if built, would become the largest solar power plants in the world.

Benefits

The CSP subprogram contributes to the overall program goal by developing energy supply technologies
that are reliable, affordable, and environmentally sound. Expanding the national electricity generation
fuel portfolio will increase energy security by diversifying domestic energy supply options for use both
in normal and emergency situations. In addition, CSP plants can be placed so as to relieve the
transmission congestion problem.

The subprogram has benefited from several rigorous technology reviews which have established CSP as
one of the most attractive renewable energy options in the U.S. Southwest, with a cost target of $0.09-
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0.11/kWh by 2012 and the possibility of eventually achieving $0.035-0.062/kWh.* Ultilities have
indicated CSP will become a serious option for them when its cost is below $0.09/kWh.

The CSP performance metric focuses on system efficiency, which is defined as the annual solar-to-
electricity conversion efficiency of the entire CSP system. This measure reflects the technical progress
in certain activities funded by the Solar Program, allows for simple verification and validation of results,
and minimizes the potential for target achievement disruption or overstatement caused by market factors
beyond the program’s control.” Of equal importance to the public is the cost of energy, as the cost of
energy is seen in the consumers’ bills and the producers’ cost in a competitive market. Therefore, the
program uses cost as its metric for accountability in the PART process.

Similar to the relationship between conversion efficiency of PV modules and PV electricity cost, CSP
system efficiency correlates strongly with the cost of CSP produced electricity. As with PV efficiency
measures, CSP system efficiency measures are by no means the exclusive factor affecting cost, but
provide a valuable method of tracking technical progress. The Solar Program will continue to track cost
data, as cost measures remain useful indicators of market trends and assist the program in responding to
a changing marketplace. Therefore, the program is using a combination of targets for its work that
emphasizes technical accomplishments, but maintains a strong connection to modeled, or projected, cost
of energy from CSP.

U.S.-Produced Parabolic Trough System Efficiency Targets and Actuals

Historic Planned

2003 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2015

Annual Solar-to-Electric Conversion Efficiency (%)
Target n/a n/a n/a 11.9 13.1 13.4 13.7 14.0 14.2 14.6
Actual 11.1 11.9 11.9 11.9 - - - - - -

The Solar Program uses the below historical cost data and projections as indicators of progress toward
achieving program benefits.

*R. Charles, et al., “Assessment of Parabolic Trough and Power Tower Solar Technology Cost and Performance Forecasts,”
Sargent & Lundy Consulting Group, SL-5641, May 2003.

b Market factors outside the program’s control that could affect the achievement of cost goals include, but are not limited to,
raw material costs, labor costs, currency exchange rates, interest rates, inflation, foreign competition, state and local
regulations, and market participant withdrawals or entries.
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CSP Solar Energy Cost Targets and Actuals®

Historic Planned

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Levelized Electricity Cost from CSP
0.12-  0.12- 0.12- 0.12- 0.11- 0.11- 0.11-  0.10- 0.10- 0.09-

Target 0.14 0.14 0.14 0.14 0.13 0.13 0.13 0.12 0.12 0.11
0.12-  0.12- 0.12-  0.12-
Actual 0.14 0.14 0.14 0.14 - - - - - -

Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Concentrating Solar Power 7,284 8,720 8,874

Parabolic trough R&D will include the development of a more efficient thermal receiver and a
lightweight solar collector. In addition, the test of a single tank thermocline energy storage system
begun in FY 2007, will be evaluated and compared against a two-tank storage system. Utilities are
particularly interested in trough technology because of its ability to store energy. Storage mitigates
the intermittency of the solar resource, increases the time by which the trough system can produce
electricity (i.e., capacity factor) and increases the value of the electricity. The addition of 12 hours
of storage, for example, increases the capacity factor from 22 percent to 56 percent. Thus, CSP
plants can be designed to meet either peaking power needs or base load power requirements
depending on the size of the thermal storage system. Most importantly, storage enables utilities to
dispatch energy into the electrical grid when they need it most. In addition, technical support will be
provided for the 64 MW trough project in Nevada, which is the largest solar power plant built since
1990.

The focus of Dish/engine R&D will be on assisting industry in developing its 1 MW project in
California. This will be the largest solar dish-engine array ever built and, if successful, could be the
precursor to several much larger plants. Efforts will focus on engineering solutions to reliability
issues related to the Stirling engine (e.g., valves, seals and controls) while gaining valuable experience
on the operation of multiple dishes in a power plant configuration. Researchers will also work with
industry to improve the manufacturability of dish systems in preparation for upcoming projects

The Solar Program will provide technical and economic analysis in support of the Western Governors
Association (WGA) initiative to install 1,000 MW of CSP in the U.S. Southwest within the next ten
years. In addition, the Program will provide technical information to utilities on an as-needed basis.

*In this table, years indicate the years in which field verification of modeled cost occurs.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

SBIR/STTR 0 180 126

In FY 2006, a total of $141,000 was transferred to the SBIR program and $0 to the STTR program.
The FY 2007 and 2008 amounts shown are estimated requirements for the continuation of the SBIR
and STTR program.

Total, Concentrating Solar Power 7,284 8,900 9,000

Explanation of Funding Changes

FY 2008 vs.
FY 2007
(5000)

Concentrating Solar Power
Increased funding will be applied to the thermal storage project. +154
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities. -54
Total Funding Change, Concentrating Solar Power +100
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Solar Heating and Lighting Systems
Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Solar Heating and Lighting Systems 1,449 0 1,972
SBIR/STTR 0 0 28
Total, Solar Heating and Lighting Systems 1,449 0 2,000

Description

Consistent with Section 931, EPACT of 2005, the solar program will develop solar hot water and space
heating technologies. This activity represents an increased collaboration between the Solar
Technologies and Building Technologies Programs to integrate solar technologies into Zero Energy
Buildings (ZEB). Specifically, this work will address the integration of photovoltaic systems, solar
water heating, and solar space heating into home design and structure. The role of the Solar
Technologies Program will continue to include research and development on solar technologies meant
to be placed on a building. However, the solar technologies will be analyzed and designed in the
context of the building’s structure and energy requirements. The role of Buildings Technologies will be
to provide those requirements and assist in those areas where integration is required, such as, system
requirements, efficiency opportunities, roof integration approaches and HVAC control interfaces.
Integration would also be required when the solar energy system replaces part of the building’s
structure. This activity will establish cost goals for the solar technologies that are consistent with
Building Technologies' ZEB goal.

In the past, the Solar Heating and Lighting Systems (SHL) subprogram developed solar water heating
and hybrid solar lighting technologies for residential and commercial buildings in collaboration with
industry partners. The program achieved most of its research goals and those technologies were
sufficiently developed that they were transferred to industry for commercialization. New Solar Water
Heating tasks will be developed based on a strategic plan for the wider deployment of the technology.
In addition, based on a systems analysis being done in collaboration between the Solar Technologies and
Buildings Technologies Programs, a new set of cost goals and proposed tasks for building integrated
solar systems will be developed. One concept that will undergo evaluation in FY 2008 is a hybrid
electrical/thermal solar system. In order to provide all the electrical and thermal energy required for a
zero energy home on an average sized roof, a hybrid system may sometimes be required. Such a system
would minimize the roof area dedicated to the solar system and could result in an overall reduction in
the cost of the building’s solar energy. It would provide electrical power and thermal energy used for
water and/or space heating. Another activity will address the development of solar water heaters for
freezing climates, which complements previous R&D on development of a solar water heater applicable
to non-freezing climates.
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Benefits

The objectives of this activity are to provide solar technology that can provide the thermal energy
needed for a zero energy building and to coordinate with the Buildings Technologies Program the

integration of solar technologies (thermal and electric) into a zero energy home. Benefits specific to this

activity would be associated with energy savings due to solar technology that provides water heating
and space heating.

The SHL subprogram contributes to the overall Solar Program goal by developing energy supply

technologies that are reliable, affordable, and environmentally sound. Using solar energy to provide
heat increases our national security by reducing our reliance on imported fossil fuel, diversifying our
energy portfolio for both normal and emergency situations, and alleviating pressure on both the natural
gas supply and the aging electricity grid.

Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Solar Heating and Lighting Systems 1,449 0 1,972

Analytical work done in conjunction with the Building Technologies Program will establish the
most beneficial areas of solar heating R&D to be conducted by the Solar Program. A promising
concept is a hybrid solar electric/thermal system sized for an average single-family home.
Conceptual designs will be developed of hybrid systems will be developed to provide electricity,
water heating, space heating, and possibly space cooling. R&D will include the development of a
low-cost polymer water heater capable of operation in freezing climates. Tasks in hybrid solar
lighting will be dependent on a stage-gate evaluation of the technology. Possible tasks include
redesign of the mirror, redesign of the fiber-receiver, and refurbishing field projects that failed to
operate properly due to overheating of the fiber optics.

SBIR/STTR 0 0 28

In FY 2006, a total of $15,700 was transferred to the SBIR program and $0 to the STTR program.
The FY 2008 amount shown is the estimated requirement for the continuation of the SBIR and STTR
program.

Total, Solar Heating and Lighting Systems 1,449 0 2,000
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Explanation of Funding Changes

FY 2008 vs.
FY 2007
(5000)

Solar Heating and Lighting Systems
No funds were requested for this activity in FY 2007 as the program had achieved
most of its research goals. New funding will concentrate on initiatives to accelerate
cost-competitive applications of solar heating and lighting systems in zero energy
buildings. +1,972
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities. +28
Total Funding Change, Solar Heating and Lighting Systems +2,000
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Congressionally Directed Activities
Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Congressionally Directed Activities 14,256 0 0
Total, Congressionally Directed Activities 14,256 0 0

Description

In general, Congressionally Directed activities do not support program goals because such activities do
not result from the program’s multi-year planning effort, which is focused on overcoming technical
barriers.

In FY 2006, there were 12 Congressionally Directed activities funded out of the Solar Energy Program.
The program does not request any funds to continue these projects as they do not further the
achievement of DOE’s goals. The following projects were directed by Congress to be included in this

program.

Detailed Justification

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Photonics Research and Development, UNLV 2,475 0 0
In FY 2006, the U.S. Congress directed funds to assist the University of Nevada — Las Vegas with
photonics research and development activities.

Conductive Coatings for Solar Cells Project 1,485 0 0
In FY 2006, the U.S. Congress directed funds to assist with conductive coatings for solar cells

activities.

Rensselaer Polytechnic Institute Syracuse University
“Green Building” 742 0 0

In FY 2006, the U.S. Congress directed funds to assist Rensselaer Polytechnic Institute (RPI), in
Troy, New York, and Syracuse University, in Syracuse, New York, with “green building” activities.
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

Crowder College Alternative Renewable Energy
Center 990 0 0

In FY 2006, the U.S. Congress directed funds to assist Crowder College, in Neosho, Missouri, in
solar energy activities within the college’s alternative renewable energy center.

University of Arkansas Research in Solar Energy
Field 495 0 0

In FY 2006, the U.S. Congress directed funds to assist the University of Arkansas with solar energy
activities.

Oregon Nanoscience and Microtechnologies
Institute 1,485 0 0

In FY 2006, the U.S. Congress directed funds to assist the Oregon Nanoscience and
Microtechnologies Institute in their research and commercialization efforts to accelerate innovation-
based economic development in Oregon and the Pacific Northwest.

Ultra Thin-Film Photovoltaic Charging System 990 0 0

In FY 2006, the U.S. Congress directed funds to assist Coherent Systems International Corporation,
in Tampa, Florida, with ultra thin-film photovoltaic charging system research activities.

Brightfield Solar Energy 693 0 0

In FY 2006, the U.S. Congress directed funds to assist the city of Brockton, Massachusetts with
ongoing “brightfield” solar activities.

National Orange Photovoltaic Demonstration 446 0 0

In FY 2006, the U.S. Congress directed funds to assist the National Orange Show Events Center, in
San Bernardino, California, with photovoltaic demonstration activities.

Sandia National Lab Development Of Advanced
Cells and Modules 990 0 0

In FY 2006, the U.S. Congress directed funds to assist Sandia National Laboratory in the development
of advanced photovoltaic cells and modules.

Sandia National Lab Megawatt Demonstration
Concentrating Solar Project 3,465 0 0

In FY 2006, the U.S. Congress directed funds to assist Stirling Energy Systems in the deployment of a
1-megawatt concentrating solar power system at or near Sandia National Laboratory.

Total, Congressionally Directed Activities 14,256 0 0
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Wind Energy

Funding Profile by Subprogram

(dollars in thousands)

FY 2006 Current
Appropriation FY 2007 Request | FY 2008 Request
Wind Energy
Technology Viability 17,829 35,905 27,200
Technology Application 7,634 7,914 12,869
Congressionally Directed Activities 12,870 0 0
Total, Wind Energy 38,333 43,819 40,069

Public Law Authorizations:

P.L. 94-163, “Energy Policy and Conservation Act (EPCA)” (1975)

P.L. 101-218, “Renewable Energy and Energy Efficiency Technology Competitiveness Act” (1989)
P.L. 101-575, “Solar, Wind, Waste, and Geothermal Power Production Incentives Act” (1990)

P.L. 102-486, “Energy Policy Act (EPACT)” (1992)

P.L. 109-190, “Energy Policy Act” (2005)

Mission

The mission of the Wind Energy Program is to lead the Nation’s research and development efforts to
improve wind energy generation technology, enhance domestic economic benefit from development,
and to address barriers to the use of wind energy in coordination with stakeholders, resulting in greater
energy security and a cleaner and more diversified electricity supply.

Benefits

The Wind Energy Program’s mission and activities contribute directly to EERE’s and DOE’s mission of
improving national, energy and economic security and address the call set forth by the President’s
National Energy Policy, the Advanced Energy Initiative and the Energy Policy Act of 2005 for
increasing the diversity of our Nation’s energy resources.

The program graduated its high speed wind effort, and since 2002, has focused most of its research
expenditures on low wind speed technologies to enable greater penetration of wind energy installations
closer to load centers. In addition, through its public/private partnerships, the program has improved the
cost of energy for large systems in Class 4 land-based winds from $0.055/kWh in 2002 to $0.039/kWh
in 2006, based on modeling of a composite turbine that includes improved and new technology, using
assumptions tied to the 2002 baseline.”

* Goals using Cost of Energy are tracked to a fixed technology baseline that reflects a set of standard financial and technology
assumptions for each technology (Land-based (onshore), Offshore and Distributed Wind Technologies). Cost of energy
targets differ from actual market conditions, as baseline technology assumptions do not include such factors as the on and off
nature of the Production Tax Credit that leads to turbine demand spikes; changing financial variables; fluctuating commodity
prices and currency exchange rates; and changes in expected equipment life.
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Since 2000, wind energy has demonstrated significant expansion and promise as an affordable energy
supply, increasing from about 2.5 GW to nearly 11 GW by the end of 2006. Dramatic growth has
occurred on an annual percentage basis.

The program is concentrating on improving cost, performance and reliability of large scale land-based
technology; facilitating wind energy’s rapid market expansion by anticipating and addressing potential
barriers (i.e., integrating wind into the electric transmission system, siting, permitting, environmental
issues); and investigating wind energy’s application to other areas -- from offshore wind technology to
distributed and community-owned wind projects. New opportunities will be explored in water treatment
and transport and hydrogen applications to help contribute to transportation fuel supplies.

The program’s new focus aims to significantly increase wind energy use, thereby increasing and
diversifying the domestic energy supply, boosting environmental benefits by avoiding pollutant
emissions, and strengthening the Nation’s infrastructure posture by reducing economic effects of fuel
price or supply disruptions while increasing system reliability.

More detailed, integrated and comprehensive economic, energy, and energy security benefits estimates
are provided in the Expected Program Outcomes section at the end of the program level budget
narrative.

Strategic and GPRA Unit Program Goals

The Department’s Strategic Plan identifies five Strategic Themes (one each for nuclear, energy, science,
management, and environmental aspects of the mission) plus 16 Strategic Goals that tie to the Strategic
Themes. The Wind Energy Program supports the following goal:

Strategic Theme 1, Energy Security

Strategic Goal 1.1, Energy Diversity: Increase our energy options and reduce dependence on oil,
thereby reducing vulnerability to disruptions and increasing the flexibility of the market to meet U.S.
needs.

And concurrently supports:

Strategic Goal 1.2, Environmental Impacts of Energy: Improve the quality of the environment by
reducing greenhouse gas emissions and environmental impacts to land, water, and air from energy
production and use.

Strategic Goal 1.3, Energy Infrastructure: Create a more flexible, more reliable, and higher capacity
U.S. energy infrastructure.

The Wind Energy Program has one GPRA Unit Program goal which contributes to Strategic Goals 1.1,
1.2, and 1.3 in the “goal cascade:”

GPRA Unit Program Goal 1.1.04.00: Wind Energy - The goal of the Wind Program is to enable wind to
compete with conventional fuel throughout the Nation, creating a clean renewable energy option. We
accomplish this through technology research and development, collaborative efforts, technical support
and outreach to overcome barriers in energy cost, energy market and infrastructure rules and energy
sector acceptance.

Contribution to GPRA Unit Program Goal 1.1.04.00 (Wind Energy)

The Wind Energy Program’s key contribution to Strategic Theme 1, Energy Security, is through supply
growth and diversification of energy resources. Key technology pathways that contribute to
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achievement of these benefits include (annual performance indicators are provided in the individual
technology benefits narrative):

* Low Wind Speed Technology (LWST)*

e By 2012, reduce the cost of electricity from large wind systems in Class 4 winds to
$0.036/kWh for land-based systems (from a baseline of $0.055/kWh in 2002);

e By 2014, reduce the cost of electricity from large wind systems in Class 6 winds to
$0.07/kWh for shallow water (depths up to 30 meters) offshore systems (from a baseline of
$0.095 in FY 2005); and

» Distributed Wind Technology (DWT): By 2015, expand by five-fold the number of distributed wind
turbines deployed in the U.S. market from a 2007 baseline.

= Technology Acceptance: By 2010, facilitate the installation of at least 100 MW in at least 30 States,
from a baseline of 8 States in 2002.

Funding by Strategic and GPRA Unit Program Goal

(dollars in thousands)

FY 2006 FY 2007 FY 2008
Strategic Goal 1.1, Energy Diversity
GPRA Unit Program Goal 1.1.04.00, Wind Energy
Technology Viability 17,829 35,905 27,200
Technology Application 7,634 7,914 12,869
Total, GPRA Unit Program Goal 1.1.04.00, Wind Energy 25,463 43,819 40,069
All Other
Congressionally Directed Activities

St. Francis, Pennsylvania Wind Farm Feasibility Study 0 0 0
North Dakota Hydrogen Wind Pilot Project 495 0 0
Great Plains Wind Energy Transmission Development Project 0 0 0
Alaska Wind Energy 1,485 0 0
Renewable Energy for Rural Economic Development Program,
Utah State University 495 0 0
Iowa Lakes Community College Wind Turbine Project 0 0 0
National Center for Energy Management and Building
Technologies 0 0 0
Mt. Wachusett Community College Wind Project 990 0 0
Wyandotte Wind Energy on Brownfields Initiative 990 0 0
[llinois State University Wind Energy Resources 990 0 0
Texas Tech. University Great Plains Wind Power Facility 1,485 0 0
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(dollars in thousands)

FY 2006 FY 2007 FY 2008

Brigham City Turbine 990 0 0
TowerPower Wind Project 743 0 0

White Earth Tribal Nation Wind Project 990 0 0
Coastal Ohio Wind Project 990 0 0
Randall's and Ward's Island Wind Project 990 0 0
Synchronous Wind Turbines 495 0 0

Fox Ridge Renewable Energy Education Center 495 0 0
PowerJet Wind Turbine Project 247 0 0

Total, Congressionally Directed Activities 12,870 0 0
Total, All Other 12,870 0 0
Total, Strategic Goal 1.1 (Wind Energy) 38,333 43,819 40,069
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Annual Performance Results and Targets

‘ FY 2003 Results FY 2004 Results FY 2005 Results FY 2006 Results® FY 2007 Targets® FY 2008 Targets®
GPRA Unit Program Goal 1.1.04.00 (Wind Energy)
Technology Viability/Low Wind Speed Technology (LWST)
Complete low wind speed Complete testing of prototypes Complete fabrication and begin ~ Annual COE Target: Annual COE target: COE Annual Target:

turbine conceptual design
studies, and fabricate and begin
testing advanced wind turbine
components optimized for low
wind speed application initiated
under industry partnership
projects. [MET]

of first advanced low wind
speed technology components,
and complete detailed design
under first public-private
partnership project for full
system low wind speed turbine
development. [MET]

Technology Viability/Distributed Wind Technology (DWT)

Technology Application

testing advanced variable speed
power converter. Test first
advanced blade, incorporating
improved materials and
manufacturing techniques.
Field test the first full-scale
Low Wind Speed Technology
prototype turbine. This
contributes to the Annual
LWST COE Target: 4.3 cents
per kWh in Class 4 winds.

[ MET]

Complete prototype testing of
1.8 kW Small Wind Turbine,
finishing the International
Electrotechnical Commission
suite of tests for acoustics,
power, durability, and safety.
This contributes to the Annual
DWT COE Target: 12-18 cents
per kWh in Class 3 winds.
[MET]

32 States with over 20 MW
installed; 16 States with over
100 MW installed.
[PARTIALLY MET]

4.2 cents per kWh in onshore
Class 4 winds;

9.3 cents per kWh for offshore
systems in Class 6 winds.
[MET]

COE Target: 11-16 cents per
kWh in Class 3 winds.

[MET]

19 States with over 100 MW
wind installed.

[PARTIALLY MET]

4.1 cents per kWh in onshore
Class 4 winds;

9.25 cents per kWh for shallow
water offshore systems in Class
6 winds;

11.93 cents per kWh for
transitional offshore systems in
Class 6 winds.

COE Target: 10-15 cents
per kWh in Class 3
winds.

New effort: Distributed
Wind Technology
(DWT): 2200 units of
distributed technology in
market. [baseline]

22 States with over 100 MW
wind installed.

4.0 cents per kWh in land-based
Class 4;

9.2 cents per kWh for shallow
offshore systems;

500 new units of
distributed technology in
market.

25 States with over 100 MW
wind installed.

 Annual targets using Cost of Energy are tracked to a fixed technology baseline that reflects a set of standard financial and technology assumptions for each technology (Land-based, Offshore and Distributed wind
technologies). Cost of energy targets differ from actual market conditions, as baseline technology assumptions do not include such factors as the impact of the on and off nature of the Production Tax Credit that
leads to turbine demand spikes; changing financial variables; fluctuating commodity prices and currency exchange rates; and changes in expected equipment life.
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FY 2003 Results

FY 2004 Results

FY 2005 Results

FY 2006 Results

FY 2007 Targets

FY 2008 Targets

Contribute proportionately to

Contribute proportionately to

EERE’s corporate goal of

EERE’s corporate goal of

Maintain total administrative
overhead costs (defined as

reducing corporate and program

reducing corporate and program

program direction and program

Maintain total administrative
overhead costs (defined as
program direction and program

Maintain total administrative
overhead costs in relation to
total program costs of less than

uncosteds to a range of 20-25

adjusted uncosted obligated

support excluding earmarks) in

support excluding earmarks) in

12 percent. Baseline for

percent by reducing program

balances to a range of 20-25

relation to total program costs

relation to total program costs

annual uncosteds by 10 percent
in 2004 relative to the program

uncosted baseline (in 2003)

percent by reducing program
annual adjusted uncosteds by
10 percent in 2005 relative to

until the target range is met.

the program FY 2004 end of

[MET]

year adjusted uncosted baseline
($18,371K) until the target
range is met. [MET]

* Baseline for administrative overhead rate currently being validated.
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Means and Strategies

The Wind Energy Program will use various means and strategies to achieve its GPRA Unit Program
goals as described below. “Means” include operational processes, resources, information, and the
development of technologies, and “strategies” include program, policy, management and legislative
initiatives and approaches. Various external factors, as listed below, may impact the ability to achieve
the program’s goals. Collaborations are integral to the planned investments, means and strategies, and
to addressing external factors.

The Wind Energy Program will be implemented through the following means:

= Rather than focusing on large grants to support public/private partnerships, the Wind Program will
increasingly use Cooperative Research and Development Agreements (CRADAs) for large wind
system technology for Low Wind Speed land-based systems. CRADAs will allow collaborative
development activities, closely supported by laboratory based research and testing, that will assist
private organizations in expanding the applicability of wind technology to allow its implementation
in lower wind speed or higher cost environments. Due to the variable strengths of wind industry
companies, the use of collaborative partnerships will vary depending on specific needs and desired
results. Some projects whose results will be made publicly available will require higher Federal cost
share while other technology development will rely on strong industry support. Through the
collaboration with governmental and industry partners, combined with laboratory-based research, the
program will assess the market for a U.S. based offshore wind industry in preparation for a program
review planned for FY 2009.

= Under the Distributed Wind Technology (DWT) activity, the program is initiating a new effort to
reinvigorate distributed and community-owned wind technology to meet the growing demand for
local power generation. This market encompasses systems that connect to the lower voltage
distribution grid, either directly or on the consumer side of the electric meter, including: 1) small
turbines for residential and small business applications; 2) mid-sized turbines for farm and small
industry; and 3) locally owned community projects using larger turbines tied to distribution lines.
The development of turbines in this market segment that can provide power at lower costs and with
attractive payback would allow average Americans, farmers, and businesses to take an active role in
the Nation’s drive for energy independence.

= Laboratory-based Supporting Research and Testing (SR&T) works to advance technologies that
have shown potential to reduce the cost or improve the performance and reliability of large utility-
scale and distributed wind systems. Activities under this area also address more basic technology
assessments, identifying the underpinnings of new applications for wind technology, such as
offshore applications and wind/hydrogen technology development. These efforts also improve the
basic understanding of wind phenomena such as advanced blade aerodynamics and upper air
resource assessment and modeling.

= The integration of wind into the national electricity network is a critical barrier to increased
deployment of wind technology. To best address this barrier, the Wind Energy Program has
established a collaboration with the Department’s Office of Electricity Delivery and Energy
Reliability (OE) to enhance knowledge development and transfer to stakeholders supported by that
office. Through the use of resource analysis and wind generator model development, the program
will work to facilitate the addition and operation of wind energy technologies in the electric power
system; to develop information to describe wind energy to power system operators, transmission
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owners and regulators; and to mitigate barriers associated with wind interconnection. OE is the
partner responsible for leading expansion of regulator and operator education.

= Dedicated outreach efforts will be funded through the Technology Acceptance activity. Laboratory
and contract staff supply information on a range of wind energy technologies and related issues to
national, state, local and regional interested parties, decision makers, and potential customers and
investors so that there is a transparent exchange of credible information. Open and clear dialogue is
necessary for making informed and long-lasting energy and environmental decisions.

The Wind Energy Program will implement the following strategies:

* The Wind Energy Program will provide leadership to the wind industry and focus priorities on
removing the barriers to the use of wind energy technology. Additionally, the state of progress in
advanced wind energy technology research and development projects and the strength of an
emerging utility market for wind turbine systems are decreasing the level of government support
needed for technology development in large scale, land-based wind turbine systems.

= InFY 2008, the program will implement a number of program changes. The first shift is to dedicate
a greater proportion of funding to near- to mid-term market facilitation for wind technologies.
Initially this shift will support activities to move currently available technology into the existing
power generation market. Funding for activities to address siting, permitting, and environmental
barriers will increase as the available wind resource is captured by advanced wind technologies
closer to load/major population centers.

The second shift is to emphasize land-based technology research, development and supporting
technology activities while continuing limited, balanced activities to explore emerging markets and
applications for wind generation in the mid-to-longer term, such as water treatment and offshore
wind technology.

Another shift is to establish a new, broader focus on distributed wind technologies and applications
to advance the full scope of diverse opportunities for wind energy on the distribution side of the
meter. This will follow the expected successful completion of the 2007 goal focused on small wind
systems (less than 100 kW in size). Backed by recommendations from industry partners and peer
review, and the program’s annual strategic planning meeting, the program sees a clear need to
support technology deployment, as described above.

The following external factors could affect the Wind Energy Program’s ability to achieve its strategic
goal:

. the availability of conventional energy supplies;

. the cost of competing technologies;

= the ability of the industry to learn quickly as wind installation demand increases;

. fluctuating material costs (i.e., steel, cable and concrete) and currency exchange rates;

. state and international efforts to support wind energy;

. Federal, state and regional regulatory actions affecting land-based and offshore wind installations;

. continuation of Federal tax incentives; and
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- implementation of other policies at the national level, including Federal efforts to reduce carbon
and criteria emissions.

In carrying out the program’s mission, the Wind Energy Program collaborates in several important

activities, including:

=  program activities dependent upon outputs from academia, manufacturers, developers, and
National Laboratories (e.g., the Offshore Wind Collaborative, a joint Federal/state/ industry/
academia collaboration to address barriers to U.S. offshore wind development);

. research plans and priorities, as set forth in the Wind Vision Plan prepared cooperatively by the
American Wind Energy Association (AWEA), DOE and NREL;

. systems integration, with DOE’s Office of Electricity Distribution and Energy Reliability (OE),
and the electric transmission and distribution system industry on policy and R&D issues;

. Federal Aviation Administration (FAA) and the Department of Defense on radar and other military
issues affected by wind turbines;

. industry and R&D directions for the production of hydrogen for energy use, and for other non-

energy uses;

. cooperative research and development with the International Energy Agency (IEA); and

. peer review of the Wind Energy Program’s overall strategies and its activities by academia,
industry representatives, National Laboratories, and independent experts.

Validation and Verification

To validate and verify program performance, the Wind Energy Program will conduct internal and
external reviews and audits. The table below summarizes validation and verification activities.

Data Sources:

“Musial, W.D.; Butterfield, S.; Laxson, A.; Heimiller, D.; Ram, B — ““Large-Scale
Development of Offshore Wind Power in the United States™ Spring 2007, Golden,
Colorado, National Renewable Energy Laboratory. NREL/TP-500-40745. “Market
Assessment and Summary of Barriers for Distributed Wind Applications”; Forsyth
T.; Baring-Gould, E.I.; NREL, to be published Winter 2007. “Low Wind Speed
Technologies Annual Turbine Technology Update (ATTU): Process for Land-
Based Utility-based Technology,” NREL Report #TP-50037505, June 2005.
"Assessment of Potential Improvements in Large-Scale Low Wind Speed
Technology," J. Cohen, Proceedings of Global Wind Power 2004, Chicago, Illinois,
March 28-31, 2004, published by American Wind Energy Association. “Low Wind
Speed Turbine Technology Characterization,” Migliore and Cohen, presented at
Wind Power 2003; “Wind Energy Technology Characterization, 1997,” published
by EPRI. “Low Wind Speed Turbine Technology Benefits,” internal analysis for
the FY 2002 request, peer reviewed by A.D. Little. FY 2001, FY 2002, FY 2003,
FY 2004, FY 2005 and FY 2006 Wind Energy Program Peer Reviews. American
Wind Energy Association (AWEA)/Global Energy Concepts Wind Plant Database,
reviewed by EIA, contain proprietary data. Various published and unpublished data
on wind projects economics. AWEA Small Wind Turbine Industry Roadmap.
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Baselines: Low Wind Speed Technology: $0.055/kWh in FY 2002 for onshore applications in
Class 4 winds; $0.095/kWh in FY 2005 for shallow water offshore applications in
Class 6 winds; and $0.12/kWh for transitional offshore applications in FY 2006 in
Class 6 winds. Distributed Wind Technology: 2200 turbines installed in distributed
wind applications. Technology Acceptance: Eight States in 2002 with at least 100
MW wind installed.

Frequency: Annual.
Data Storage: ~ Web, paper publications and on-line storage.

Evaluation: In carrying out the program’s mission, the Wind Energy Program uses several forms
of evaluation to assess progress and to promote program improvement.

= Technology validation and operational field measurement, as appropriate;

* Peer review by independent outside experts of both the program and subprogram
portfolios;

* Annual internal Technical Program Review of the Wind Energy Program;

= Specialized program evaluation studies to examine process, impacts, or market
baseline and effects, as appropriate;

= Quarterly and annual assessment of program and management results based
performance through Joule (the DOE quarterly performance progress review of
budget targets); PMA (the President’s Management Agenda -- annual
departmental and program-based goals whose milestones are planned, reported
and reviewed quarterly); and PART (common Government wide program/OMB
reviews of management and results); and

* Annual review of methods, and recomputation of potential benefits for the
Government Performance and Results Act (GPRA).

Verification: Activities and accomplishments will be verified by monthly reports from
contractors/National Laboratories, including NREL, and from lead program field
elements. Determining the cost of energy (COE) for LWST goals will be derived
from the impact of improvements in individual components and subsystems based
on comparisons against a baseline turbine composite with a well-understood cost of
energy. Progress in the process of developing a detailed methodology to assess the
removal of barriers to DWT as a means of assessing progress towards the program
goal. Determining the number of States with over 100 MW of wind for the
Technology Acceptance goal will come from U.S. wind capacity statistics regularly
collected by the National Renewable Energy Laboratory through subcontract,.
Reporting will be done on a quarterly basis to DOE from NREL.

Program Assessment Rating Tool (PART)

The Department implemented a tool to evaluate selected programs. PART was developed by OMB to
provide a standardized way to assess the effectiveness of the Federal Government’s portfolio of
programs. The structured framework of the PART provides a means through which programs can assess
their activities consistently.
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The 2003 PART found that the program has a clear purpose, strong planning and management. OMB
gave the program fairly high scores (80 percent), (80 percent), and (88 percent) respectively, in Purpose,
Planning, and Management. A lower score (67 percent) in Results/Accountability is being addressed by
developing better performance measures. The PART findings acknowledged the role of the program in
commercial success of high wind speed technologies and encourages greater focus on low wind speed
technologies, as reflected in the budget priorities. The program has also focused on improved
performance of outreach activities (along with measures to assess performance), which is described in
the technology acceptance activity section.

The 2002 PART review of the Wind Energy Program contained a recommendation to continue emphasis
on wind technology development for low wind speed areas; Low Wind Speed Technologies are the
Wind Energy Program's budget focus. Another PART recommendation suggested the development of
practical, but meaningful annual performance measures; the Wind Energy Program has developed
annual performance targets for its three PART goals and Budget technology pathways (see the
“Contribution to Program Goals” section), covering about 90 percent of its budget request. The Wind
Energy Program is also attempting to adhere to the specific direction of Congressional appropriation
language while increasing the contribution to program goals to the extent possible. These improvements
in accountability were reflected in the Wind Energy Program's significantly improved 2003 score in the
results/accountability area, resulting in a modest overall score improvement, and a “moderately
effective” rating, the second highest rating possible.

The Department has responded to the PART recommendation of “develop guidance that specifies a
consistent framework for analyzing the costs and benefits of research and development investments, and
use this information to guide budget decisions.” The Department has specified common scenarios,
common methodology, and standardized benefits measures to allow analyzing the costs and benefits of
applied R&D investments. While progress has been made, benefits estimates across programs are still
not completely comparable. The Department continues to work on implementation of common
assumptions and a consistent approach to incorporation of risk.

Expected Program Outcomes

The Wind Energy Program pursues its mission through integrated activities designed to increase the use
of domestic renewable resources. Estimates of the security, economic and environmental benefits from
2008 through 2050 that would result from realization of the program’s goals are shown in the table
below.

EERE’s Wind Energy Program Goal Case reflects the increasing penetration of wind over time, as the
program’s goals are met. Not included are policy or regulatory mechanisms, or other incentives not
already in existence, that might be expected to support or accelerate the achievement of the program
goals. The expected benefits reflect solely the achievement of the program’s goals. The program does
not currently estimate the mid- and long-term benefits of distributed wind activities or explicitly
estimate the impact of barrier removal or market acceleration activities included under the Technology
Application portion of the program. Activities will be undertaken in FY 2007 to allow assessment of
these program elements explicitly through the GPRA process, beginning with the FY 2009 budget
request.
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The goals are modeled in contrast to the “baseline” case, in which no DOE R&D exists. The baseline
case is identical to those used for all DOE applied energy R&D programs.” Further, across EERE, and
across all of DOE’s applied energy R&D programs, the expected outcome benefits are being calculated
using the same fundamental methodology. Finally, the metrics by which expected outcome benefits are
measured are identical for all of DOE’s applied energy R&D programs.” This standardization of
methods and metrics has been undertaken as part of the Department’s efforts to respond to Under
Secretary Garman’s Strategic Management System initiative and OMB’s request to make all programs’
outcomes comparable.

The difference between the baseline case and the program goal case results in economic, environmental
and security benefits. For example, achievement of program goals results in a reduction in net consumer
expenditures of $8 billion in 2030. Savings to the electric power industry are expected to be 3 billion
dollars in both 2030 and 2050. Finally, the program would also result in carbon emissions reductions of
36 million metrics tons in 2030 and 139 in 2050. The results are generated by modeling the program
goals within two energy-economy models: NEMS-GPRAOS for benefits through 2030, and MARKAL-
GPRAOS for benefits through 2050.° The full list of modeled benefits appears below.

Program Indicators

2010 2020 2030 2040 2050
Additional Billion kWh
Generated 3 185 213 579 852
Additional GW Installed 7 46 52 130 177

* The starting point for the baseline case is the Energy Information Administration’s “reference case,” as published in the
AEO 2006. Program analysts from across DOE examined the AEO to determine the extent to which their program goals are
modeled (explicitly or implicitly). If program goals are modeled in the AEO, they are removed in the GPRA baseline.
Further, some programs believe that the AEO’s technology representation is too conservative, even in the absence of program
goals, and thus in certain cases a modification is made to make the technology representation in the baseline case more
optimistic than the AEO.

" The set of expected outcome metrics being used this year differs in substantial ways to that of previous years. In addition to
the standardization across DOE’s applied energy R&D programs, the list is expanded and more comprehensive than in past
years. Further, the list maps to DOE strategic goals. The expected outcome metrics represent inherent societal benefits that
stem from achievement of program goals.

¢ Final documentation on the analysis and modeling, including all of the methodologies and underlying assumptions, is
expected to be completed and posted on the web by March 31, 2007. Past GPRA modeling and analysis documentation can
be found at http://www]1.eere.energy.gov/ba/pba/gpra.html .
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FY 2008 GPRA Benefits Estimates for Wind Energy Program™®

2010 2020 2030 2040 2050

Environmental Benefits (Goal 1.2)

Avoided carbon emissions, annual (MMTC) 1 30 36 113 139
Avoided carbon emissions, cumulative (MMTC) 2 139 457 1,631 2,877
Reduced cost of criteria pollutant control, NPV® (bil. 0.3 2 5 NC NC
20049)

Economic Benefits (Goal 1.4)
Consumer savings, annual (bil. 20048$) ns 9 8 12 -4¢
Consumer savings, NPV (bil. 20048$) ns 26 61 136 150
Electric power industry savings, annual (bil. 20045) 0 4 3 9 3
Electric power industry savings, NPV (bil. 2004$) 0 14 31 90 107
Household energy expenses reduced, annual (bil. 2004%) ns ns ns 0.2% 0.0%
Energy intensity reduced (% change in E/GDP) 0.0% 0.7% 0.7% 2% 2%
Net energy system cost savings, annual (bil. 2004$) NC NC NC 3 6
Natural gas price change, moving avg. (20048 / TCF)* ns 0.12 ns NC NC

Security and Reliability Benefits (Goal 1.1 or 1.3)
Avoided oil imports, annual (mbpd) ns ns ns ns ns
Avoided oil imports, cumulative (bil. bbl) ns ns ns ns ns
Security MPG improvement (%) ns ns ns ns ns
Transportation fuel diversity improvement (%)% ns ns ns ns ns
Oil intensity reduced (% change in bil. bbl/GDP) ns ns ns 0.1% 0.1%

? Benefits through 2030 are calculated with the NEMS-GPRA08 model. Benefits from 2035 through 2050 are calculated with
the MARKAL-GPRAO8 model. “NC” indicates situations in which no calculation was done because of specific model
limitations. “ns” indicates results that were “not significant”—within the noise of the models.

® Projected benefits do not include any potential policy changes that might enhance technology deployment. In addition,
most technologies show diminishing benefits by 2050, because of the assumption built in to the analysis that baseline
industry progress will eventually catch up with the more accelerated progress associated with EERE program success.

¢ Net present value calculations throughout this table are performed for cumulative economic metrics, and are done using a
3% real discount rate, cumulative to 2008.

4 The lower price of electricity drops causes a small shift towards less expensive and less efficient end-use equipment. This
results in increased consumer savings in investment costs throughout the timeframe (especially 2030 on). However, by the
end of the modeling period (i.e., 2040 to 2050) the average electricity price begins to increase which results in negative
consumer savings. The increase in electricity price is caused by increasing investment costs in the electric sector for both
wind turbines and back up combustion turbines.

¢ The prices reflected here are average delivered prices to all sectors, and are based on a three year moving average. Thus the
measure of benefit is the change in the three year moving average delivered price, in $ per thousand cubic foot.

" Security MPG is the ratio of vehicle miles traveled by light duty vehicles to their usage of oil. It captures oil avoidance by
efficiency and fuel alternatives.

¢ Fuel diversity is measured by the Shannon-Weiner Index (SWI) of diversity. The SWI is a measure of “proportional
diversity,” and hence captures both abundance and richness, i.e., how many different fuels and how much of each fuel both
factor into the calculation.
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Technology Viability

Funding Schedule by Activity

(dollars in thousands)

FY 2006 FY 2007 FY 2008

Technology Viability

Low Wind Speed Technology (LWST - Large Systems) 4,662 19,142 5,843

Distributed Wind Technology (DWT - Small Systems) 553 481 3,850

Supporting Research and Testing (SR&T) 12,614 15,310 16,966

SBIR/STTR 0 972 541
Total, Technology Viability 17,829 35,905 27,200

Description

Technology Viability activities are aimed at advancing wind turbine components and systems, through
targeted research and development projects using competitively selected public/private partnerships and
Cooperative Research and Development Agreements (CRADAs). All work is closely coordinated with
Supporting Research and Testing conducted by National Laboratories.

Benefits

Technology Viability key activities focus on research, development and testing for improving the
performance, cost effectiveness and reliability of large and distributed wind energy systems, which are
primary barriers to wind energy competing without disadvantage to serve the Nation’s energy needs.
Achieving the Wind Energy Program’s goals will help wind energy compete in energy markets. The
Distributed Wind Technology goal for small wind cost of energy was completed as expected in FY
2007. The goal for the next phase of distributed wind technology development will be to expand the
market for distributed wind technologies five-fold from where it exists in 2007, the baseline year.

The following table provides expected annual indicators of progress for the LWST and DWT activities:

(fiscal year)

02 103 |04 | 05| 06 07 08 09 10 11 12 13 14 15 16

Low Wind Speed Technology — Land-based (Class 4 in cents/kWh)

Target 55 5 46 43 42 4.1 4 3.9 3.8 3.7 3.6

Actual 55 5 44 43 309

Low Wind Speed Technology — Shallow Offshore Systems (Class 6 in cents/kWh)

Target 95 93 9.25 92 915 9.1 8.9 8.3 7.6 7.0

Actual 95 95
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(fiscal year)

02 |1 03|04 | 05| 06 07 08 09 10 11 12 13 14 15 16

Distributed Wind Technology — (Class 3 in cents/kWh for historical program activity)

Target 17- 14- 13- 12- 11-
22 20 19 18 16 10-15

Actual 17- 14- 13- 12- 11-
22 20 19 18 115

Distributed Wind Technology: Factor expansion of market (new effort)

Target 2,200 2,700 3,300 4,000 5,000 6,000 7,000 8,300 11,000
(expected
baseline)

Actual

The Wind Energy Program also has developed a methodology for measuring and tracking program
performance. Levelized cost of energy (COE), in constant dollars, is the primary performance indicator
for the LWST efforts. Achieving the planned COE target will be possible through the development of
technology improvement opportunities being addressed by the portfolio of LWST, DWT, and
Supporting Research and Testing (SR&T) efforts. Cost of energy estimates for full-scale prototypes are
based on industry experience in maturation of technologies and manufacturing processes. Determining
the COE impact of improvements in individual components and subsystems are based on comparisons
against a baseline turbine composite with a well-understood cost of energy. Using a peer reviewed
process, the impact of technology improvements is assessed each year throughout the course of the
LWST project. Forecasts of COE impact are based on progress of existing subcontracts and results of
research efforts at the time of the assessment, thereby allowing a clear picture of the impact of
improvements against the overall goals and objectives.

The program will also assess the number of distributed wind turbines deployed each year. While
deployment levels are impacted by many outside factors (Federal tax incentives, state renewable
portfolio standards, and other factors listed under “Means and Strategies” above), the program believes
that this metric can be used to quantify the program’s success in the removal of technology, market, and
implementation barriers for distributed wind technologi