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Department of Energy

Appropriation Account Summary
(dollars in thousands - OMB Scoring)

FY 2004 FY 2005 FY 2006
Comparable | Comparable | Request to FY 2006 vs. FY 2005
Approp Approp Congress
Energy And Water Development
Energy Programs
ENergy SUPPIY....cooieaieee e 794,897 932,319 902,674 -29,645 -3.2%
Non-Defense site acceleration completion...............cccce..... 167,272 157,316 172,400 15,084 +9.6%
Uranium enrichment D&D fund............cooovvviiiiiieieiiiieieeeenn, 414,027 495,015 591,498 96,483 +19.5%
Non-Defense environmental Services.........cccceeeeeveeecnnnnnnnnns 307,795 288,966 177,534 -111,432 -38.6%
SCIBMNCE. ... ettt e e e e e e e e e earr e e e e eans 3,536,373 3,599,546 3,462,718 -136,828 -3.8%
Nuclear waste diSPoSal..........cccveieiiiiriiieiiere e 188,879 343,232 300,000 -43,232 -12.6%
Departmental administration............cccccevieiiriien e 109,276 119,284 130,259 10,975 +9.2%
INSPECLOr gENETaAl......ceeiiiiiiie e 39,229 41,176 43,000 1,824 +4.4%
Total, Energy Programs...........cccocoeeiiiieriiee e 5,557,748 5,976,854 5,780,083 -196,771 -3.3%
Atomic Energy Defense Activities
National nuclear security administration:
Weapons acCtiVItIes..........coieiiieriiee e 6,447,159 6,583,350 6,630,133 46,783 +0.7%
Defense nuclear nonproliferation.............c.ccceeeeiiiiiiennne. 1,367,709 1,422,103 1,637,239 215,136 +15.1%
Naval rEACIOIS. ..o 761,872 801,437 786,000 -15,437 -1.9%
Office of the administrator.............ccccceeiiiiiiiiieeeieeeeeeeeeeeeees 352,949 357,051 343,869 -13,182 -3.7%
Total, National nuclear security administration..................... 8,929,689 9,163,941 9,397,241 233,300 +2.5%
Environmental and other defense activities:
Defense site acceleration completion............ccccocevieennene 5,433,423 5,725,935 5,183,713 -542,222 -9.5%
Defense environmental SErViCes.........cccccevvvvvvvvvvreeeeeeeiennns 895,015 845,704 831,331 -14,373 -1.7%
Other defense actiVities.........ccceeeeeeiieiiiiiiiiieieriveeeeeeeeeeeeeees 675,824 672,590 635,998 -36,592 -5.4%
Defense nuclear waste disposal.........c..ccceeeeeriienerenenenee. 387,699 229,152 351,447 122,295 +53.4%
Total, Environmental & other defense activities.................... 7,391,961 7,473,381 7,002,489 -470,892 -6.3%
Total, Atomic Energy Defense ACtiVIties..........cceveveieeiieeennennn 16,321,650 16,637,322 16,399,730 -237,592 -1.4%
Defense EM privatization (reSCiSSiON)..........cceveeerieerieanieenennnn -15,329 e e e e
Power marketing administrations:
Southeastern power administration............ccoccceeeeeiiieeneeene 5,070 5,158 _ -5,158 -100.0%
Southwestern power administration..............ccevceerieeeieeens 28,431 29,117 3,166 -25,951 -89.1%
Western area power administration............cccccceeeeeeieeeieeene 176,873 171,715 53,957 -117,758 -68.6%
Falcon & Amistad operating & maintenance fund................ 2,625 2,804 R — -2,804 -100.0%
Total, Power marketing administrations.............cccocceiieerieene 212,999 208,794 57,123 -151,671 -72.6%
Federal energy regulatory COmMmISSION.........ccccceereeeierenienene — — — —

Subtotal, Energy And Water Development Appropriation......... 22,077,068 22,822,970 22,236,936 -586,034 -2.6%
Uranium enrichment D&D fund discretionary payments......... -449,333 -459,296 -451,000 8,296 +1.8%
Excess fees and recoveries, FERC........ccccccccvvveeiieeiiiiieeeeeeeees -19,000 -15,000 -13,000 2,000 +13.3%
Colorado RIVEr Basins.......ccooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 1,458 -23,000 -23,000 R —

Total, Energy And Water Development 21,610,193 22,325,674 21,749,936 -575,738 -2.6%

Appropriation Account Summary
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Interior And Related Agencies

Department of Energy

Appropriation Account Summary
(dollars in thousands - OMB Scoring)

Fossil energy research and development.............cccocoeveennenn.
Naval petroleum and oil shale reserves..........c.ccccoocveivennnnne.

Elk Hills school lands fund..................
Energy conservation............c.ccccceevenen.
Economic regulation.............c.cccce.ee.

Strategic petroleum reserve................

Northeast home heating oil reserve
Energy information administration......
Subtotal, Interior Accounts

Clean coal teChnolOgy........coioeriieeiiieiiierie e

Total, Interior And Related Agencies

Total, Discretionary FUNAING.......cccoiiiiiiiieiieeeeeee e

Appropriation Account Summary

FY 2004 FY 2005 FY 2006
Comparable | Comparable | Request to FY 2006 vs. FY 2005

Approp Approp Congress
658,981 571,854 491,456 -80,398 -14.1%
17,995 17,750 18,500 750 +4.2%
36,000 36,000 84,000 48,000 +133.3%
867,967 868,234 846,772 -21,462 -2.5%

1,034 —_— —_— —_—

170,948 169,710 166,000 -3,710 -2.2%
4,939 4,930 —_— -4,930 -100.0%
81,100 83,819 85,926 2,107 +2.5%
1,838,964 1,752,297 1,692,654 -59,643 -3.4%
-98,000 -160,000 — 160,000  +100.0%
1,740,964 1,592,297 1,692,654 100,357 +6.3%
23,351,157 23,917,971 23,442,590 -475,381 -2.0%
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Energy Supply
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 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 9 passenger motor vehicles for replacement only, and one
ambulance,] [$946,272,000] $902,674,000, to remain available until expended. (Energy and Water
Development Appropriations Act, 2005.)

Explanation of Change

Changes reflect revisions to funding amounts and fiscal year references.

Energy Supply/Appropriation Language Page 9 FY 2005 Congressional Budget
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Energy Supply
Office of Energy Efficiency and Renewable Energy

Overview
Appropriation Summary by Program?

(dollars in thousands)

FY 2004 FY 2005 FY 2005
Comparable Original FY 2005 Comparable FY 2006
Appropriation | Appropriation | Adjustments | Appropriation Request
Energy Supply

Hydrogen Technology........c.cccceevvnnnne. 80,412 95,325 -1,319° 94,006 99,094
Solar ENergy ....cccoeevvvevevvencneseseeees 80,731 86,533 -1,459° 85,074 83,953
Wind ENErgy ....ccocoevevveveeveieseiniennnas 39,803 41,600 -796¢ 40,804 44,249
Hydropower ......................................... 4,673 5,000 -138¢ 4,862 500
Geothermal Technology ...................... 24,625 25,800 -530f 25,270 23,299
Biomass and Biorefinery Systems
R&ED ... 84,608 82,147 -1,301¢ 80,846 50,359
Intergovernmental Activities............... 14,673 17,000 -224" 16,776 11,910
Departmental Energy
Management Program ..........c.ccoceevene. 1,963 1,967 -16' 1,951 2,019
Renewable Program Support .............. 8,493 3,000 +2'954i 5,954 2,901

® For Energy Supply, SBIR/STTR funding in the amount of $5,199,000 was transferred to the Science Appropriation in FY
2004. Estimates for SBIR/STTR budgeted in FY 2005 and FY 2006 are $5,871,000 and $6,704,000 respectively. For
Energy Conservation, SBIR/STTR funding in the amount of $10,017,000 was transferred to the Science Appropriation in FY
2004. Estimates for SBIR/STTR budgeted in FY 2005 and FY 2006 are $9,290,000 and $9,014,000 respectively.

® Reflects the 0.80% rescission of -$753,000 and comparability adjustment for Cross-Cutting Planning, Analysis and
Evaluation -$566,000.

¢ Reflects the 0.80% rescission of -$685,000 and comparability adjustment for Cross-cutting Planning, Analysis and
Evaluation of -$774,000.

¢ Reflects the 0.80% rescission of -$329,000 and comparability adjustment for Cross-Cutting Planning, Analysis and
Evaluation -$467,000.

¢ Reflects the 0.80% rescission of -$40,000 and comparability adjustment for Cross-Cutting Planning, Analysis and
Evaluation of -$98,000.

" Reflects the 0.80% rescission of -$203,000 and comparability adjustment for Cross-Cutting Planning, Analysis and
Evaluation of -$327,000.

9 Reflects the 0.80% rescission of -$646,000 and comparability adjustment for Cross-Cutting Planning, Analysis and
Evaluation of -$655,000.

" Reflects the 0.80% rescission of -$134,000 and comparability adjustment for Cross-Cutting Planning, Analysis and
Evaluation of -$90,000.

' Reflects the 0.80% rescission of -$16,000.

I Reflects the 0.80% rescission of -$23,000 and comparability adjustment for Cross-Cutting Planning, Analysis and
Evaluation of +$2,977,000.

Energy Supply/Energy Efficiency and
Renewable Energy/Overview FY 2006 Congressional Budget
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(dollars in thousands)

FY 2004 FY 2005 FY 2005
Comparable Original FY 2005 Comparable FY 2006
Appropriation | Appropriation | Adjustments | Appropriation Request

Facilities and Infrastructure................. 12,950 11,480 912 11,389 16,315

Program Direction .........ccccoeeeveivnenns 16,490 19,211 147" 19,064 19,043
Subtotal, Energy SUpply .....ccccoevvvverernrennn 369,421 389,063 -3,067 385,996 353,642

Use of prior year balances................... 17,126 -5,648 0 -5,648 0
Total, Energy SUpplY ..ocoveveveieievirnies 352,295 383,415 -3,067 380,348 353,642
Energy Conservation

Vehicle Technologies..........cc.ccoocvenene 172,395 169,256 -3,847° 165,409 165,943

Fuel Cell Technologies..........c.cccoenenee. 63,782 76,000 -1,056¢ 74,944 83,600

Weatherization and

Intergovernmental Activities............... 307,932 82,617 +226,388¢ 309,005 298,157

Distributed Energy Resources............. 59,684 61,480 -1,064 60,416 56,629

Building Technologies ...........ccccuenenee. 57,799 68,084 -2,620° 65,464 57,966

Industrial Technologies..........cc.cccue.e. 90,450 76,411 -1,610" 74.801 56,489

Biomass and Biorefinery Systems

RED ..o 6,966 7,680 427 7,253 21,805

Federal Energy Management

Program ... 19,420 18,400 -469 17,931 17,147

2 Reflects the 0.80% rescission of -$91,000.
b Reflects the 0.80% rescission of -$147,000.

¢ Reflects the 0.594% and 0.80% rescissions of -$1,005,000 and -$1,346,000 respectively and comparability adjustment for
National Energy Technology Laboratory Support of -$1,496,000.
¢ Reflects the 0.594% and 0.80% rescissions of -$452,000 and -$604,000 respectively.
® Reflects the 0.594% and 0.80% rescissions of -$491,000, -$657,000 respectively, comparability adjustment for National
Energy Technology Laboratory Support of -$624,000, and $230,000,000 reduced by 0.80% (-1,840,000) for the

Weatherization Assistance Program.

" Reflects the 0.594% and 0.80% rescissions of -$365,000 and -$489,000 respectively and comparability adjustment for
National Energy Technology Laboratory Support of -$210,000.
9 Reflects the 0.594% and 0.80% rescissions of -$404,000 and -$542,000 respectively and comparability adjustment for
National Energy Technology Laboratory Support of -$1,674,000.
" Reflects the 0.594% and 0.80% rescissions of -$454,000 and -$608,000 respectively and comparability adjustment for
National Energy Technology Laboratory Support of -$548,000.
' Reflects the 0.594% and 0.80% rescissions of -$46,000 and -$61,000 respectively and comparability adjustment for National

Energy Technology Laboratory Support of -$320,000.

J Reflects the 0.594% and 0.80% rescissions of -$109,000 and -$146,000 respectively and comparability adjustment for
National Energy Technology Laboratory Support of -$214,000.

Energy Supply/Energy Efficiency and
Renewable Energy/Overview
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(dollars in thousands)

FY 2004 FY 2005 FY 2005
Comparable Original FY 2005 Comparable FY 2006
Appropriation | Appropriation | Adjustments | Appropriation Request
Program Management ............ccccocveenne. 92,362 89,164 +3,847° 93,011 89,036
Subtotal, Energy Conservation .................... 870,790 649,092 +219.142 868,234 846,772
Use of prior year balances.................. 2,823 0 0 0 0
Total, Energy Conservation .............c.ceeeeine 867,967 649,092 +219.142 868,234 846,772
Division J — Other Matters,
Weatherization Assistance Program 0 230,000 -230,000° 0 0
Total, Energy Supply and Energy
CONSErVatioN ......ccceevie e 1,220,262 1,262,507 -13,925 1,248,582 1,200,414

Preface

Renewable sources of energy can enhance the Nation’s energy security and economic growth by
harnessing abundant, naturally occurring, domestic sources of energy that expand our energy resource
base and have less impact on the environment than conventional sources. The balanced research,
development, demonstration and deployment program supported by the Department of Energy’s (DOE)
Office of Energy Efficiency and Renewable Energy (EERE) within the Energy Supply appropriation is
at the forefront of that effort - developing renewable energy technologies and processes with the energy
use and partnering community to enable use in homes, schools, businesses, factories and vehicles.

The President’s Hydrogen Fuel Initiative will work through partnerships with industry to develop the
technologies and infrastructure needed to produce, store, and distribute hydrogen, and to use it in
stationary, portable, and vehicular applications. Key elements of the Initiative are supported by the
Hydrogen Technology Program in this budget and the Fuel Cell Technologies Program within the
Interior appropriation, where it also has significant interdependence with the FreedomCar Program.

EERE is comprised of 12 main programs:

Hydrogen, Fuel Cells and Infrastructure Technologies; Solar Energy; Wind Energy; Hydropower
Technologies; Geothermal Technology; Biomass and Biorefinery Systems R&D; Weatherization and
Intergovernmental Activities; the Federal Energy Management Program; Vehicle Technologies;
Distributed Energy Resources; Building Technologies; and Industrial Technologies. In addition, EERE
funds Facilities and Infrastructure and Program Direction/Management.

Within the Energy Supply appropriation, EERE has eight programs: Hydrogen Technology (five
subprograms), Solar Energy, (three subprograms), Wind Energy, (two subprograms), Hydropower
Technologies (two subprograms), Geothermal Technology (two subprograms), Biomass and Biorefinery
Systems R&D (two subprograms), Intergovernmental Activities (two subprograms), and the
Departmental Energy Management Program. EERE is also funded by the Interior and Related Agencies
appropriation, which is discussed in a separate budget. Four EERE programs have complementary

# Reflects the 0.594% and 0.80% rescissions of -$530,000 and -$709,000 respectively and comparability adjustment for
National Energy Technology Laboratory Support of +$5,086,000.
b Reflects the apportionment of the Weatherization Assistance Program within the Energy Conservation appropriation.

Energy Supply/Energy Efficiency and
Renewable Energy/Overview FY 2006 Congressional Budget
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funding in both appropriations: Biomass and Biorefinery Systems R&D; the Federal Energy
Management Program (includes the Departmental Energy Management Program); Hydrogen, Fuel Cells
and Infrastructure Technologies; and Weatherization and Intergovernmental Activities.

This summary document is organized to present the reader with an understanding of the multi-year
strategic planning used by EERE to develop this fiscal year budget request. The budget format is
responsive to the key themes of the President’s Management Agenda, integrating performance and
budget so that the public can readily see the “plan and results” nature of its investment in renewable
energy.

This Overview will describe Strategic Context, Mission, Benefits, Strategic Goals, and Funding by
General Goal. These items together put the appropriation request 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, this Overview
will address R&D Investment Criteria, Program Assessment Rating Tool (PART), and Significant
Program Shifts.

Strategic Context

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

Department Mission — Strategic Goal (25 yrs) — General Goal (10-15 yrs) — Program Goal (GPRA
Unit) (10-15 yrs)

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 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.”

The goal 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).

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

& Government Performance and Results Act of 1993
> The numbering scheme uses the following numbering convention: First 2 digits identify the General Goal (01 through 07);
second two digits identify the GPRA Unit; last four digits are reserved for future use.

Energy Supply/Energy Efficiency and
Renewable Energy/Overview FY 2006 Congressional Budget
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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
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.

The OMB-OSTP guidance memo to agencies dated June 5, 2003, describes the R&D Investment
Criteria fully and identifies steps agencies should take to fulfill them. (The memo is available on line at
www.ostp.gov/html/fy05developingpriority.pdf.) Where appropriate throughout these justification
materials, especially in Significant Program Shifts and Explanation of Funding Changes subheadings,
specific R&D Investment Criteria and requirements are cited to explain the Department’s allocation of
resources.

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
promote 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 pursues this mission through a balanced portfolio of research, development, demonstration and
deployment efforts that are aimed at improving the energy efficiency of our economy and increasing the
productive use of domestic renewable energy resources. Making greater use of our abundant, clean
domestic renewable energy resources can provide significant economic, environmental, and security
benefits to the United States. Renewable energy can provide economic development opportunities,
especially in areas rich in solar, wind, geothermal, and biomass resources. Renewable energy
technologies can reduce the environmental and public health impacts associated with mining, refining,
transporting, burning and disposing of wastes from fossil fuels, as well as reducing emissions of Clean
Air Act criteria pollutants (sulfur dioxide, nitrogen oxide, carbon monoxide, and particulates), mercury,
and carbon dioxide. Energy and economic security is enhanced as dependence on imported petroleum
(and, increasingly, natural gas) is reduced and the mix of domestic energy resources increases.
Renewable energy technologies also enhance energy security by diversifying our energy resource
portfolio, effectively lowering energy costs and reducing exposure to energy supply interruptions and
price volatility.

EERE has demonstrated its ability to deliver results over its tenure. The Office of Energy Efficiency
and Renewable Energy has been awarded 33 R&D 100 awards — known as the “Oscars of Innovation” —
between 2001 and 2004. EERE sponsored research has won more R&D 100 awards than universities
such as Massachusetts Institute of Technology, companies such as Dupont and Dow Chemical, and
nations such as Germany and Great Britain. The most recent independent review of EERE programs, a
study of a sample of EERE energy efficiency portfolio over more than 20 years by the National
Academy of Science’s National Research Council demonstrated one of the values of a portfolio
approach. It found that some of these programs (similar to the subprograms in this budget) have yielded
significant economic, environmental, and security benefits. The Council estimated the total net realized

Energy Supply/Energy Efficiency and
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economic benefits (predominately from a few of the programs in the sample portfolio) associated with
the DOE energy efficiency programs that it reviewed had already returned approximately $30 billion
(valued in 1999 dollars, from the roughly $7 billion (1999 dollars) total Federal energy efficiency
RDD&D investment over that period. The study also indicated there were yet unrealized benefits likely
to be achieved. Consistent with the PMA, additional work is underway to enable the programs to more
effectively measure and estimate past and potential benefits.

With respect to future benefits based on EIA/EERE benefits estimation models, EERE estimates that
U.S. consumption of non-renewable energy resources would, given current policies, a business-as-usual
energy future, stable investment, and achievement of technology plans, be over 12 Quads lower in 2025
and over 30 Quads lower in 2050 as a result of being able to realize the energy efficiency and renewable
energy improvements proposed in this budget. Those benefits will offset more than 50 percent of the
expected growth in energy consumption through 2050. More detailed, integrated and comprehensive
economic, and energy security benefits estimates and their sensitivities are provided in the Expected
Program Integrated Outcomes section at the end of this Overview and in individual program sections.

Strategic, General, and Program Goals

The Department’s Strategic Plan identifies four strategic goals (one each for defense, energy, science,
and environmental aspects of the mission) plus seven general goals that tie to the strategic goals. The
Energy Supply appropriation supports the following goals:

Energy Strategic Goal: To protect our national and economic security by reducing imports and
promoting a diverse supply of reliable, affordable, and environmentally sound energy.

General Goal 4, Energy Security: Improve energy security by developing technologies that foster a
diverse supply of reliable, affordable and environmentally sound energy by providing for reliable
delivery of energy, guarding against energy emergencies, exploring advanced technologies that make a
fundamental improvement in our mix of energy options, and improving energy efficiency.

The programs funded by the Energy Supply appropriation have the following eight Program Goals
which contribute to the DOE General Goals in the “goal cascade™:

= Program Goal 04.01.00.00: Hydrogen Technology: Develop 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.

= Program Goal 04.03.00.00: Solar Energy. The Solar Program goal is to improve performance of
solar energy systems and reduce development, production, and installation costs to competitive
levels, thereby accelerating large-scale usage across the Nation and making a significant contribution
to a clean, reliable and flexible U.S. energy supply.

= Program Goal 04.05.00.00: Wind Energy. By 2012, complete program technology research and
development, collaborative efforts, and provide the technical support and outreach needed to
overcome barriers — energy cost, energy market rules and infrastructure, and energy sector
acceptance —to enable wind energy to compete with conventional fuels throughout the Nation in
serving and meeting the Nation’s energy needs.

= Program Goal 04.06.00.00: Hydropower. With the completion of testing on new turbine
technologies, and consistent with previous congressional direction, the Hydropower Program’s goal

Energy Supply/Energy Efficiency and
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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.

= Program Goal 04.07.00.00: Geothermal. The Geothermal Program goal is to improve technology
performance and reduce market entry costs of geothermal energy to competitive levels, thereby
making the large geothermal resource available to the Nation.

= Program Goal 04.08.00.00: Biomass. Develop biorefinery-related technologies to the point that they
can compete in terms of cost and performance and are used by the Nation’s transportation, energy,
chemical, agriculture, forestry, and power industries to meet their respective market objectives. This
helps the Nation by expanding clean, sustainable energy supplies while also improving the Nation’s
energy infrastructure and reducing our dependence on foreign oil.

= Program Goal 04.11.00.00: Intergovernmental Activities. Accelerate the adoption of clean, efficient
and domestic energy technologies through efficient intergovernmental demonstration and delivery of
cost-effective energy technologies which will benefit the public through improved energy
productivity and reduced demand and particularly reduce the burden of energy cost on the
disadvantaged.

= Program Goal 04.13.00.00: DEMP. The Federal Energy Management Program’s goal is to provide
the efficiency and renewable energy-related technical assistance that Federal agencies need to lead
the Nation by example through government’s own actions, by reducing energy intensity in Federal
buildings by 35 percent by 2010 (relative to the 1985 statutory baseline level of 138,610 Btus per
gross square foot).

Contribution to General Goal

Hydrogen Technology, Solar Energy, Wind Energy, Hydropower Technologies, Geothermal
Technologies, Biomass and Biorefinery Systems R&D, Intergovernmental Activities, and Departmental
Energy Management Program contribute to General Goal 4 by working together and with efficiency and
load management programs to reduce the probability and potential magnitude of energy based
disruptions and to improve the Nation’s mix of affordable energy options.

These integrated programs directly contribute to the departmental goal by: (1) reducing demand-side
pressure (mitigates costs) on our energy markets; (2) reducing energy imports; (3) diversifying the mix
of domestic energy production; (4) providing smaller and decentralized, non-fuel based sources of
electricity generation that are inherently less susceptible to interruption or attack; and (5) increasing our
ability to adjust demand loads as needed, particularly those that can help reduce peaks and shift power
readily during energy emergencies.

EIA/EERE expectations, assumptions, and caveats about future energy technologies and markets, are
described briefly in the Benefits and in greater detail in the Expected Integrated Program Outcomes that
follows. EERE’s modeling of the benefits of its integrated portfolio, including activities funded by the
Energy Supply and Energy Conservation Appropriations, which incorporates those elements, indicates
the portfolio can be expected to contribute directly to the DOE Strategic Plan energy security goal for
2025 and beyond. Specifically, our modeling estimates the integrated portfolio is expected to: (1)
reduce future demand for traditional energy sources by approximately 12 Quads in 2025 and over 30
Quads in 2050 (beyond the efficiency and renewable improvements expected in the absence of these
programs); and (2) reduce the need for new electricity capacity by nearly 140 gigawatts (GW) in 2025.
Oil savings would be roughly 2.3 million barrels per day (mbpd) in 2025 and over 10 mbpd in 2050.
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Individual program activities planned for and funded by this appropriation would contribute to these
improvements in the following ways under these business-as-usual conditions:?

= Hydrogen Technology would contribute to this goal by developing lower-cost means of producing
and delivering hydrogen in large quantities from natural gas and renewable resources and developing
fuel cell and hydrogen delivery infrastructure technologies. Specific targets include reducing the
cost of producing hydrogen from renewables to achieve $2.85/gge untaxed at the station (5000 psi)
and developing storage technology that enables greater than 300-mile vehicle driving range by 2010.
Collectively these technologies could displace 0.2 million barrels per day (mbpd) of oil in 2025 and
as technologies enter the market in significant numbers will approach 3 mbpd in 2050 under
business-as-usual conditions. Additionally, they provide the option for substantially faster growth in
hydrogen use if energy markets demand more rapid change.

= Solar Energy would contribute to this goal by developing: advanced, increasingly-efficient, lower-
cost solar photovoltaic modules and grid application technologies; concentrating solar power
technologies to centrally produce electricity from solar energy at a competitive cost; lightweight
polymer materials for solar heating; and solar lighting systems. The Solar Program’s technical
objectives are to increase the efficiencies of each of its core technologies, which will contribute to
lowering the costs of solar power. The target for solar power costs are $0.14 - $0.19/kWh for PV
electric energy in 2010; $0.07/kWh for large-scale CSP power in 2012; and $0.05/kWh for solar
water heating in freezing climates in 2012. If all of these targets were met, collectively, they could
enable the development of 13 GW of solar electric capacity additions by 2025 and over 60 GW in
2050, while affording the country a source of clean, fuel-free, and portable electricity.

= Wind Energy would contribute to this goal by developing wind technologies that will provide large
scale wind production in Class-4 conditions of 3 cents/kWh onshore and 5 cents/kWh offshore by
2012; distributed wind production at 10-15 cents/kWh by 2007; and the market systems and services
that would extend wind production to most of the United States, which collectively could result in
additional wind capacity of more than 90 GW by 2025 and more than 110 GW by 2050 beyond what
is expected to be developed without these program efforts.

= Geothermal Technology would contribute to this goal by reducing the cost of geothermal energy
production from flash and binary power to 4.3 and 6.1 cents/kWh (in year 2001 dollars) respectively
by 2010, and by developing commercial Enhanced Geothermal Systems (EGS) technology, which
would expand the amount of geothermal resources that can be competitively developed in the United
States by 2040. Together, these activities could result in an increase in geothermal electricity
capacity of 5 GW by 2025 and approach 40 GW by 2050.

= Biomass and Biorefinery Systems R&D would contribute to this goal by developing, by 2010,
advanced technologies for producing fuels, chemicals, materials, and power from biomass via
biochemical and thermochemical processes. This could reduce nonrenewable energy consumption
by at least 1 Quad by 2050, and potentially more with integrated approaches.

= Intergovernmental Activities key contribution would be through accelerating the adoption and
broadening the markets of energy efficiency R&D technologies developed by EERE programs,
expanding and accelerating the direct reduction of demand for oil, natural gas, and electricity, and
leading to the building of 1000 MW of renewable generation globally by 2015 and 100 MW of
generation on American Indian lands by 2010.

# Individual program contributions are not strictly additive because of overlap in the markets addressed.
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Departmental Energy Management Program would contribute to this goal by providing project
financing, technical assistance, and evaluation which will demonstrate methods to reduce energy
intensity in Federal buildings. DEMP’s target is to continue to reduce energy intensity by 1 percent
each year (using FY 2003 as a baseline) through 2010.

EERE is also working to implement the PMA through management efficiencies. The first phase of
the EERE 2002 reorganization realigned and consolidated Headquarters organizational and business
management structures to improve how EERE programs are managed at Headquarters. In the fall of
2003, EERE began the second phase of the reorganization — designing and implementing common
project management practices across EERE field organizations. In October 2004, EERE
implemented the Project Management Center (PMC) which provides improved and more cost
effective project management, procurement, and financial management services to EERE programs
engaged in financial assistance and formal contracts activities.

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

Funding by General and Program Goal

(dollars in thousands)

FY 2004 FY 2005 FY 2006
General Goal 4, Energy Security
Program Goal 04.01.00.00, Hydrogen Technology............cccccoceiunes 60,327 72,586 99,094
Program Goal 04.03.00.00, Solar Energy............coceevvniiinicnniininins 79.603 74.878 83.953
Program Goal 04.05.00.00, Wind ENergy .......ccccvevvevvevererennsnsennnns 38,377 36,245 44,249
Program Goal 04.06.00.00, HYAropoOWer ...........ccocvviiiiniiiiicisniiiiiinns 4,673 4,862 500
Program Goal 04.07.00.00, Geothermal Technology.................c...... 23,644 23,394 23,299
Program Goal 04.08.00.00, Biomass and Biorefinery Systems
RED ...t 43374 45,512 50,359
Program Goal 04.11.00.00, Intergovernmental Activities................. 8,738 12,610 11,910
Program Goal 04.13.00.00, Departmental Energy Management
PrOgIamM ... 1,963 1,921 2,019
Total General Goal 4, Energy SECUTILY .....cccovvvvieivcieiieeie e 260,699 266,056 315,383
All Other
Hydrogen Technology/Congressionally Directed Activities............. 20,085 21,420
Solar Energy/Congressionally Directed Activities............c.c.coovenee. 1,128 10,196
Wind Energy/Congressionally Directed Activities ...........c.c.coooenee. 1,426 4,559
Geothermal Technology/
Congressionally Directed ACHIVIties............ccoovveeieiiniceiicie, 981 1,876
Biomass and Biorefinery Systems R&D/Congressionally Directed
ACTIVITIES ..ot ebe b 41,234 35,334
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(dollars in thousands)

FY 2004 FY 2005 FY 2006

Intergovernmental Activities/

Congressionally Directed ACHVIties..........cccccooviiciiiiiiiiccc 5,935 4,166 0

Departmental Energy Management Program/

Congressionally Directed ACHIVIties........cccooovviiieiiniiccn 0 30 0

Renewable Program SUPPOrt.........ccccoviiiniii e, 8,493 5,954 2,901

Facilities and Infrastructure..............cccooveviiiiiiiiccc 12,950 11,389 16,315

Program DireCtion..........ccooveveiiiiiiiiciiicc s 16,490 19,064 19,043
Total, AL Oher.........cooiiiiiiii s 108,722 119,940 38,259
Total, General Goal 4 (Energy SUpply) ..o 369,421 385,996 353,642

Major FY 2004 Achievements

EERE works closely with industry, National Laboratories, Federal agencies, State energy offices,
universities, non-government organizations and other stakeholders in conducting its R&D,
demonstration and deployment activities. In addition to the 10 R&D awards EERE received in FY 2004
for applied technology. FY 2004 investment and collaboration achieved the following:

= Biomass and Biorefinery Systems R&D. Cost-shared research with two of the world’s largest
enzyme manufacturers has led to a 12-fold reduction since 2000 in the cost of the enzymes needed to
convert cellulose to sugars for producing ethanol from lignocellulosic biomass. Achieving the
program’s cost and technical targets over the next decade will contribute significantly to the
establishment of a strong bio-industry.

= Facilities and Infrastructure. Formal groundbreaking on a new Science and Technology Facility

(S&TF) at NREL took place in July 2004, and with completion expected to be completed in 2006, is
the first new facility in more than a decade. The landmark S&TF will provide significant advantages
for state-of-the-art research, technology integration and collaboration. The facility will enable the
expansion of research capabilities in photovoltaics, hydrogen, solid-state lighting, distributed energy,
superconductivity, electrochromic windows and nanotechnologies. The S&TF will enable increased
collaboration among researchers and was specifically designed to reduce barriers and time delays
associated with transferring technology from research and development to industry.

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 national security and energy security, and improved
environmental conditions. DOE has incorporated feedback from OMB into the FY 2006 Budget, and
the Department will take the necessary steps to continue to improve performance.
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No new Energy Supply appropriation programs were reviewed by OMB this year; the Department has
initiated or completed addressing all prior year recommendations.

EERE’s FY 2006 performance targets are consistent with PART measures and targets this year than in
previous years, and work continues to make them as uniform as possible. EERE has corporately
addressed a recommendation common to all DOE applied R&D PARTS, which is to improve
consistency of methods and assumptions used to estimate benefits. Although benefits estimates
calculated to support this budget are not yet comparable, DOE continues to improve consistency of
various programs’ methods and assumptions. EERE is addressing this challenge through the
consolidation of planning, budget and analysis into one organization whose mission is: To support
sound and effective EERE strategic, programmatic and fiscal decision-making through efficient
processes that result in high quality representation, reporting, plans, analyses, budgets, performance
management and program evaluations. The Department has used the existing R&D investment criteria
to inform the development of the FY 2006 budget.

EERE is addressing the findings outside of EERE’s direct program control such as Departmental
allocation of costs by providing full internal accounting allocation of program direction, and is working
with Departmental and OMB staff to incorporate R&D Investment Criteria as appropriate, expand the
lessons learned in EERE benefits framework methodology to the applied Energy R&D programs. We
also continue to interactively improve PART processes, systems and scoring consistency to enable our
performance to be more accurately portrayed by PART. The individual program responses are provided
in their respective budgets.

Significant Program Shifts

These program shifts and resulting budget prioritization decisions were guided by the R&D Investment
Criteria (RDIC). Key RDIC are noted in the individual program discussions.

= Hydropower. The Department plans to effect closeout of the Hydropower Program in FY 2006,
transferring results of its turbine research and development and water management techniques to the
industry. This closeout decision was based upon a review of EERE program funding priorities,
which include a broad spectrum of considerations. Important criteria for R&D investment include
how close the work is to commercialization (RDIC 2g — Years to Commercialization) and potential
public benefits (RDIC Section 3 — Performance) relative to other options. Hydropower technology
R&D has advanced to the state that it is now adoptable by industry. Additionally, the program'’s
water management strategy to increase generation and efficiency has been successfully demonstrated
(RDIC 2e - Off-ramps). We will work to ensure transfer of these capabilities to industry during this
final year.

= Hydrogen Technology. To support the 2010 technical targets planned in the DOE Hydrogen Posture
Plan and Multi-Year RD&D Plan, the program will accelerate hydrogen technology development in
the areas of production and delivery R&D and systems analysis. Production and delivery activities
will also be accelerated on advanced electrolysis systems (consistent with National Academy of
Sciences recommendations, RDIC 2f — External Review) as well as the development of high
temperature thermochemical, photoelectrochemical, hydrogen separation, and delivery technologies
(RDIC 2a - Building on Existing Technology). Systems Analysis increases will initiate the
development of critical hydrogen transition scenarios, the evaluation of integration issues with other
national energy systems and infrastructures, and expansion of the Macro-System Model to support
the analysis recommendations of the National Academy of Sciences. The program will use external
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review and competitive merit-based process to select performers (RDIC 2f — Competitive Merit-
based Selection).

= Wind Energy. The Wind Energy Program will expand its R&D portfolio to include exploration of
both high-risk deep water offshore technology applications and increase the available/affordable
wind resource bases near "hard to serve™ population centers, the NE and Mid-Atlantic significantly
expanding the population receiving program benefits (consistent with RDIC 1b and 1c — Investment
Barriers Public Benefits). System integration issues unique to offshore applications will also be
examined. The decision to move offshore was based on industry input through peer review (RDIC
2b & f — Industry Involvement and External Review), and a February 2003 planning meeting with
industry involvement. Significantly larger wind generated electricity is possible with this
technology application.

Expected Integrated Program Outcomes

The program pursues its mission through an integrated portfolio of research, development,
demonstration and deployment activities. Figure 1 below depicts the related potential shift in
nonrenewable energy consumption. 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 EPA criteria and other 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 preliminary
estimates based on initial modeling of some of the possible program production technologies and the
estimates generated by the model have been rounded to reduce the implied precision.

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). In addition,
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 also 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 2004 Reference Case projections.

Some key assumptions about macroeconomic activity, energy demand, and technology results include
the following “business-as-usual” outputs:

= Economic growth of 3.1 percent annually;

= Price per barrel of oil of about $28 (2003 dollars) in 2003, rising to $35 in 2004, then dropping to
$25 in 2010, then rising slowly to $30 in 2025. In nominal dollars, the price of oil in 2025 would
be $52; and

= Price per thousand cubic feed of natural gas of $4.98 (2003 dollars) in 2003, dropping to $3.64 in
2010, then rising slowly to $4.79 by 2025. In nominal dollars, the price of natural gas in 2025
would be about $8.20.
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EIA also provides projections under alternative economic assumptions ranging from 2.4 to 3.5 percent
annual growth between 2002 and 2025. Across this range, total energy consumption may grow by
anywhere from 29 to 49 percent between 2002 and 2025. EIA also offers a range of technology
assumptions. Across these cases total energy consumption may grow by anywhere from 46 percent
between 2002 and 2025 if technology does not improve at all to 32 percent if technology improves
rapidly. Changing assumptions on important variables such as these would likely affect the estimated
benefits in this budget.

The results shown in the long term benefits tables are preliminary estimates based on initial modeling of
some of the possible program production technologies; uncertainties are larger for longer term estimates,
nonetheless, 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 obtain. A summary of the methods, assumptions,
and models used in developing these benefit estimates that are important for understanding these results
are provided at www.eere.energy.gov/office_eere/budget _gpra.html. Final documentation is estimated
to be completed and posted by March 31, 2005.

Figure 1. U.S. Nonrenewable Energy Consumption, 1990-2000, and Projections to 2050
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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
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and renewable energy use that could be expected in the absence of continued funding of EERE’s
programs.®

(calendar year)

Mid-term Benefits” 2010 | 2015 | 2020 | 2025
Energy
Displaced Primary nonrenewable energy savings (Quads) ...........ccccvevnne. 1 3 8 12
Economic Energy bill savings (billion 20028) .........ccccovviviinviiniiiicnnnens 12 37 87 123
Environment Carbon emissions reductions (MMTCE).......ccccccocevevvrerenenns 22 67 160 262
Oil savings (MBPA) ......ccvriiiiiii s 0.1 0.6 13 2.3
Security Natural gas savings (QUAAS).........ccoeverereenernieneneee e 0.5 11 19 1.8
Reduced need for additions to central conventional power
(GW) et 5 49 96 137

The table shows, that if successful and the assumptions play out as expected, EERE’s programs could
provide mid-term benefits in 2025 of over $120 billion in energy bill savings; a reduction of about 250
million metric tons of annual carbon emissions (MMTCE); a savings of over 2 million barrels of oil per
day; and a reduction of nearly 2 Quads of natural gas consumption. A combination of reduced peak
demand for electricity and additional renewable and distributed generation capacity eliminated the need
for more than 130 GW of additional conventional central power generation, increasing the flexibility
and diversity of our electricity system while reducing the potential for a shortage of new generating
capacity.

EERE’s portfolio includes a number of efforts to develop fundamental breakthroughs in technologies
that promise major changes in how the U.S. will produce and use energy in the decades to come. If
these breakthroughs succeed, benefits could continue to grow in the long term. By 2050, benefits may
include reductions in the overall annual cost of our energy systems approaching $300 billion; reductions
in annual carbon dioxide emissions of nearly 700 MMTCE; reductions in oil demand of over 10 million
barrels per day; and annual savings in natural gas demand of over 2 Quads.

4 Benefits reported are annual, not cumulative, for the year given. Estimates reflect the benefits that may be possible if all of
the program’s technical targets are met and funding continues at levels consistent with assumptions in the FY 2006 Budget
through the program completion year, which varies by program.

> Mid-term program benefits, assuming technological success of the entire EERE portfolio, were estimated utilizing the
GPRAO06-NEMS model, based on the Energy Information Administration’s (EIA) National Energy Modeling System
(NEMS) and utilizing the EIA’s Annual Energy Outlook (AEQO) 2004 Reference Case.
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(calendar year)

Long-Term Benefits® 2030 2040 2050
Energy
Displaced Primary nonrenewable energy savings (Quads) .................... 18 28 34
Economic Overall energy cost savings (billion 2002%) ............ccccvvennene 102 188 282
Environment  Carbon emission reductions (MMTCE) ......c..cccccevvvereninnnn. 364 568 699

) Oil 5avings (MBbP) ....covvvviiicieee e 4.6 9.0 11.0
Security .

Natural gas savings (QUAAS) ........cccoerririrrirenieinereenens 2.8 3.6 24

Note: Mid-term energy-expenditure savings only include reductions in consumer energy bills, while long-term energy
system cost savings also include the incremental cost of the advanced energy technology purchased by the consumer.

These mid and long term estimates are derived utilizing a similar baseline case, but different modeling
techniques and, as a result, are not directly comparable. While point estimates are presented, both mid-
term and long-term modeling are dependent upon the methodology and assumptions used. 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
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.

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, geothermal, biomass, and hydropower 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 shows expected benefits by program. The results are not additive, integrated results
are shown in the tables 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.

# Long-term benefits, assuming technological success of the entire EERE portfolio, were estimated utilizing the GPRAO6 -
MARKAL developed by Brookhaven National Laboratory (BNL). Results can differ among models due to differences in
their structure. In particular, the two models estimate economic benefits in different ways, with the MARKAL model
reflecting the cost of additional investments required to achieve reductions in energy bills.

Energy Supply/Energy Efficiency and
Renewable Energy/Overview FY 2006 Congressional Budget

Page 29



GPRA 2006 Estimate of Potential Benefits by Program

Primary
Non- Energy Energy
Renewable Bill System Cost Carbon

Energy Savings Savings Emission

Savings (Billion (Billion Reductions Oil Savings

(Quads) 2002%) 2002%) (MMTCE) (mbpd)

2025 | 2050 2025 2050 2025 | 2050 | 2025 | 2050
Energy Supply (EWD):

Hydrogen, Fuel Cells & Infrastructure
Program (1) 0.2 4.3 2 26 5 60 0.2 2.7
Solar Energy Program 0.3 1.7 2 2 8 36 ns ns
Wind Energy Program 3.3 3.7 4 4 81 87 0.1 ns
Geothermal Technologies Program 0.3 2.4 ns 5 8 59 ns ns

Biomass & Biorefinery Systems R&D
Program (2) 0.1 1.1 ns 1 3 19 0.0 0.4

Intergovernmental Activities Program (3)

Federal Energy Management Program (4) 0.1 -- 0 -- 1 -- 0.0 --

Energy Conservation (INT)

Vehicle Technologies Program 40 189 61 177 76 365 18 8.8
Hydrogen, Fuel Cells & Infrastructure

Program (1) 0.2 4.3 2 26 5 60 0.2 2.7
Weatherization & Intergovernmental

Activities Program 1.2 -- 10 -- 27 -- 0.1 --
Distributed Energy Program 0.3 -- 2 -- 11 -- ns --
Building Technologies Program 1.2 4.2 12 62 28 92 0.0 0.1
Industrial Technologies Program 2.2 0.5 13 3 44 8 0.2 0.0
Biomass & Biorefinery Systems R&D

Program (2) 0.1 11 ns 1 3 19 0.0 0.4
Federal Energy Management Program (4) 0.1 -- 0 -- 1 -- 0.0 --

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.

(1) Benefits were estimated jointly for the Hydrogen Technology (Energy Supply) and Fuel Cell Technologies (Energy
Conservation) Programs. The estimates are repeated under each appropriation and are not additive.
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(2) Benefits were estimated jointly for the Energy Supply and Energy Conservation components of the Biomass &
Biorefinery Systems R&D Program. The estimates are repeated under each appropriation and are not additive.

(3) An estimate of renewable electricity generation stimulated by 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.

(4) Benefits were estimated jointly for the Departmental Energy Management (Energy Supply) and the Federal Energy
Management (Energy Conservation) Programs. The estimates are repeated under each appropriation and are not additive.

ns = not significant; -- long-term benefits were not estimated for the Distributed Energy, Federal Energy Management, and
Weatherization & Intergovernmental Programs

Funding Summary by Program

(dollars in thousands)

FY 2004 FY 2005 FY 2006 vs FY 2005

Comparable Comparable FY 2006 %
Appropriation | Appropriation Request | $ Change | Change

Biomass Program

Biomass and Biorefinery Systems R&D

(EWD) .ottt 84,608 80,846 50,359 -30,487 -37.7%

Biomass and Biorefinery Systems R&D

(INT) ettt 6,966 7,253 21,805  +14,552 +200.6%
Total, Biomass Program .........cccccevevvnerervneninnnnen, 91,574 88,099 72,164 -15,935 -18.1%
Building Technologies (INT) ...ccccovvviirennicienieen, 57,799 65,464 57,966 -7,498 -11.5%
Distributed Energy Resources (INT) ........ccoceeveenne, 59,684 60,416 56,629 -3,787 -6.3%
Facilities and Infrastructure (EWD) ......ccccvevvvrinnnn, 12,950 11,389 16,315 +4,926 +43.3%

Federal Energy Management Program

Departmental Energy Management Program

(EWD) ..ot 1,963 1,951 2,019 +68 +3.5%
Federal Energy Management Program (INT).... 19,420 17,931 17,147 -784 -4.4%
Total, Federal Energy Management Program.......... 21,383 19,882 19,166 -716 -3.6%
Geothermal Technology (EWD).......cccccevrvevierinenns 24,625 25,270 23,299 -1,971 -7.8%
Industrial Technologies (INT) .....ccccovvvvvrvririerininnn, 90,450 74,801 56,489 -18,312 -24.5%
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(dollars in thousands)

FY 2006 vs FY 2005

FY 2004 FY 2005
Comparable Comparable FY 2006 %
Appropriation | Appropriation Request | $ Change | Change

Hydrogen, Fuel Cells, and Infrastructure
Program

Hydrogen Technology (EWD)..........ccccvveeuenne. 80,412 94,006 99,094 +5,088 +5.4%

Fuel Cell Technologies (INT)........cccceeevrvennnen, 63,782 74,944 83,600 +8,656 +11.5%
Total, Hydrogen, Fuel Cells, and Infrastructure
Program .....ccv o 144,194 168,950 182,694 +13,744 +8.1%
Renewable Program Support (EWD) .......cccccevvennn, 8,493 5,954 2,901 -3,053 -51.3%
Solar Energy (EWD) ....ccovvvvvvireeeene e, 80,731 85,074 83,953 -1,121 -1.3%
Vehicle Technologies (INT) ......c.ccoovovirviiniiicnnn, 172,395 165,409 165,943 +534 +0.3%
Weatherization and Intergovernmental Activities

Intergovernmental Activities (EWD)................ 14,673 16,776 11,910 -4,866 -29.0%

Weatherization and Intergovernmental

ACLIVItIES (INT) .o, 307,932 309,005 298,157 -10,848 -3.5%
Total, Weatherization and Intergovernmental
ACHIVITIES ..o, 322,605 325,781 310,067 -15,714 -4.8%
Wind Energy and Hydropower

Wind Energy (EWD) ....cccoevvvverevcrece e, 39,803 40,804 44,249 +3,445 +8.4%

Hydropower (EWD) ......ccoveveeeveievene e, 4,673 4,862 500 -4,362 -89.7%
Total, Wind Energy and Hydropower...................... 44,476 45,666 44,749 -917 -2.0%
Program Direction

Program Direction (EWD)........ccccocevevrvrvnnnnnnn, 16,490 19,064 19,043 -21 -0.1%

Program Management (INT) .........cocvvvrivnennnen, 92,362 93,011 89,036 -3,975 -4.3%
Total, Program DireCtion...........ccccocvvvrenvnniennnnnn, 108,852 112,075 108,079 -3,996 -3.6%
Subtotal, Energy Supply and Energy
CONSEIVALION....cviiiiiieieie e, 1,240,211 1,254,230 1,200,414 -53,816 -4.3%

Use of prior year balances (EWD).................... -17,126 -5,648 0  +5648 +100.0%

Use of prior year balances (INT) .........ccccccvene, -2,823 0 0 0 0.0%
Total, Energy Supply and Energy Conservation...... 1,220,262 1,248,582 1,200,414 -48,168 -3.9%
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Energy Supply
Office of Energy Efficiency and Renewable Energy

Funding by Site by Program

(dollars in thousands)
FY 2004 FY 2005 FY 2006 $ Change % Change

Central Regional Office

Biomass and Biorefinery Systems R&D ............ 150 0 0 0 0.0%
WiNd ENErgy ..ocveveeeevese e 66 700 250 -450 -64.3%
Program Direction ..........ccccoeveienennieneneesee 0 0 148 +148 NA
SOlar ENEIQY ..ccviiiieiiieieiceie e 50 50 50 0 0.0%
Total, Central Regional Office........cccccevvvvivciennenn, 266 750 448 -302 -40.3%

Chicago Operations Office

Argonne National Laboratory

Biomass and Biorefinery Systems R&D...... 515 190 0 -190 -100.0%
Wind ENErgy ...ccvvveveeeniese e secreiesiesie e 200 20 0 -20 -100.0%
Hydrogen Technology..........ccccoovviriiiennnnn 985 1,846 2,930 +1,084 +58.7%
Intergovernmental Activities...........c..cc.e.... 150 300 300 0 0.0%
Total, Argonne National Laboratory.................. 1,850 2,356 3,230 +874 +37.1%

Brookhaven National Laboratory

Geothermal Technology..........ccocevviiiiinnns 440 322 0 -322 -100.0%
Hydrogen Technology........ccccoeeviiciennnnne. 0 282 1,000 +718 +254.6%
SOlar ENEIgY ..cccveviveeeeee s e 440 400 500 +100 +25.0%
Total, Brookhaven National Laboratory ............ 880 1,004 1,500 +496 +49.4%
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(dollars in thousands)
FY 2004 FY 2005 FY 2006 $ Change % Change

Lawrence Berkeley National Laboratory

Biomass and Biorefinery Systems R&D...... 29 0 0 0 0.0%
Wind ENErgy ....ccoooevvveeeienere e 285 250 250 0 0.0%
Geothermal Technology........c.ccoovevveviiiennns 980 1,130 1,000 -130 -11.5%
Intergovernmental Activities............cc.cc...... 170 230 300 +70 +30.4%

Total, Lawrence Berkeley National
10 0] -1 (0] VRS 1,464 1,610 1,550 -60 -3.7%

National Renewable Energy Laboratory

Biomass and Biorefinery Systems R&D ..... 27,123 22,585 20,000 -2,5685 -11.4%
Wind ENergy .......cccooeeeeieneneicseeeie e, 31,479 25,342 29,600 +4,258 +16.8%
Facilities and Infrastructure.............ccoevee. 12,950 11,389 16,315 +4,926 +43.3%
Geothermal Technology........c.ccoevevviveciennnns 3,071 2,073 2,110 +37 +1.8%
HYdropOWET ....cooieiiiiicinee e 149 210 150 -60 -28.6%
Hydrogen Technology.........cccccoceviiiiinnnne 9,189 9,346 10,794 +1,448 +15.5%
Solar ENegy ...ccvvvevviriiiiiieeiseesens 61,926 55,315 62,400 +7,085 +12.8%
Intergovernmental Activities...........cc.ceve.ee. 1,500 1,700 1,700 0 0.0%

Total, National Renewable Energy
Laboratory .......ccccoeeeenniinneceeee e 147,387 127,960 143,069 +15,109 +11.8%

Pacific Northwest National Laboratory

Biomass and Biorefinery Systems R&D...... 4,091 1,015 1,000 -15 -1.5%
Wind ENErgy .....cocoovvveeeieiece e 70 0 0 0 0.0%
HYArOpOWET ... 875 940 75 -865 -92.0%
Hydrogen Technology..........ccccooevvviieniencnn 1,645 2,767 3,045 +278 +10.0%
Intergovernmental Activities...........c..cc.c.... 270 300 300 0 0.0%

Total, Pacific Northwest National
10 0] €1 (0] VS 6,951 5,022 4,420 -602 -12.0%
Total, Chicago Operations Office ..........ccocvveververinnnn. 158,532 137,952 153,769 +15,817 +11.5%

Golden Field Office
Program DireCtion .........c.ccceevvvvvrinseevereeseneens 3,386 4,671 5,027 +356 +7.6%
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Idaho Operations Office

Idaho National Engineering and
Environment Laboratory

Biomass and Biorefinery Systems R&D
Wind ENergy .......ccceoeeeieicnenesieeene,
Geothermal Technology..........ccccveevenee
HYAropoWer ......ccvvveveieee e
Hydrogen Technology..........ccccooerveuennen.

Total, Idaho National Engineering and
Environment Laboratory ..........cccccoeeveiennns

Total, Idaho Operations Office........cc.cccevvvveriennnns

Livermore Site Office

Lawrence Livermore National Laboratory
Geothermal Technology..........ccccvevvenene

Hydrogen Technology........c.ccoceevnirienne

Total, Lawrence Livermore National

Laboratory .......cccccvvvevevcie e

Total, Livermore Site Office ......cocvvevevvivivicreenne,

Los Alamos Site Office

Los Alamos National Laboratory

Hydrogen Technology........cccccceevvveenne.

Mid-Atlantic Regional Office

Wind ENErgy .....ccovvvvveeeeie e
Program Direction .........cccocovevvvivsivevierennens
Solar ENErgy ....cccooveveneiniicsi s
Total, Mid-Atlantic Regional Office...................

Midwest Regional Office

Solar ENErgy ....cccooeeveneiiiiccc e
Wind ENergy .......ccooeeeieninenieenene e

Program Direction ..........ccccceevvvviveiveieiennens

Energy Supply/Energy Efficiency and
Renewable Energy/Funding by Site

(dollars in thousands)

FY 2004 FY 2005 FY 2006 $ Change % Change
1,520 1,810 1,400 -410 -22.7%
100 75 75 0 0.0%
2,332 2,596 2,000 -596 -23.0%
791 930 50 -880 -94.6%
182 0 0 0 0.0%
4,925 5411 3,525 -1,886 -34.9%
4,925 5,411 3,525 -1,886 -34.9%
781 865 500 -365 -42.2%
640 965 727 -238 -24.7%
1,421 1,830 1,227 -603 -33.0%
1,421 1,830 1,227 -603 -33.0%
1,520 2,075 2,240 +165 +8.0%
222 85 85 0 0.0%
0 0 147 +147 NA
50 50 50 0 0.0%
272 135 282 +147 +108.9%
50 50 50 0 0.0%
342 580 75 -505 -87.1%
0 0 148 +148 NA

Page 35

FY 2006 Congressional Budget



(dollars in thousands)
FY 2004 FY 2005 FY 2006 $ Change % Change

Total, Midwest Regional Office..........c.ccccovvreninnnen. 392 630 273 -357 -56.7%

National Energy Technology Laboratory

Biomass and Biorefinery Systems R&D ............ 145 0 0 0 0.0%
WiNA ENEIGY ..o 50 0 0 0 0.0%
Geothermal Technology ......c.ccccccevvvviveieiiennn, 500 1,000 3,000 +2,000 +200.0%
Hydrogen Technology........cccocevvvivvvivciericenn 400 0 50 +50 NA
Total, National Energy Technology Laboratory ....... 1,095 1,000 3,050 +2,050 +205.0%

National Nuclear Security Administration’s
(NNSA) Service Center

NNSA Service Center
SOlar ENrgy....ccceoeeeeieneie e 0 2,000 2,000 0 0.0%

Northeast Regional Office

WiINd ENErgy ....cooovrviiieiiisinicieeseeeeecneees 100 185 185 0 0.0%
Program DireCtion ..........cccocoeeieninieninieniene s 0 0 148 +148 NA
SOlar ENEIQY .ccveieieie e 442 50 50 0 0.0%
Total, Northeast Regional Office ........ccccceevvevevernennn. 542 235 383 +148 +63.0%

Oak Ridge Operations Office
Oak Ridge National Laboratory

Biomass and Biorefinery Systems R&D ..... 961 970 800 -170 -17.5%

WiInNd ENergy .......ccoceeeevenenninenesesee 218 150 150 0 0.0%
HYArOpOWET ... 960 940 75 -865 -92.0%
Hydrogen Technology........cccccceeveieiennnnne. 2,180 2,385 3,107 +722 +30.3%

SOlar ENEIgY.ccccveeeieienese s seeeereesieseneens 280 465 300 -165 -35.5%
Intergovernmental Activities...........cccoe.nee. 904 1,000 1,000 0 0.0%

Total, Oak Ridge National Laboratory............... 5,503 5,910 5,432 -478 -8.1%
Total, Oak Ridge Operations Office..........cc.cccevevnennn. 5,503 5,910 5,432 -478 -8.1%
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(dollars in thousands)
FY 2004 FY 2005 FY 2006 $ Change % Change

Sandia Site Office

Sandia National Laboratories

Wind ENErgy ....cccooevvveeeierere e 3,900 5,528 6,700 +1,172 +21.2%
Geothermal Technology........c.cccovvvvviveienens 5,020 3,405 3,500 +95 +2.8%
Hydrogen Tehcnology.........cccoeevininieennne 3,965 4,347 4,847 +500 +11.5%

SOlar ENEIgY...ccoveveieiieieieceseeeesiesiese s 9,809 7,878 9,431 +1,553 +19.7%
Intergovernmental Activities ...........c.ccoue.... 400 615 700 +85 +13.8%

Total, Sandia National Laboratories................... 23,094 21,773 25,178 +3,405 +15.6%
Total, Sandia Site OffiCe ........cociririiiii 23,094 21,773 25,178 +3,405 +15.6%

Savannah River National Laboratory
Hydrogen Technology...........cooieviiiiiiiine, 0 450 763 +313 +69.6%

Southeast Regional Office

WiNd ENErgy ..ocvevveeee e 85 85 85 0 0.0%
Program Direction ..........cccoveveivneneieneneenee 0 0 148 +148 NA
SOlar ENEIQY ..ccveiiieiieiieneeieeee e 50 50 50 0 0.0%
Total, Southeast Regional Office .........cccevvvvcvennennn, 135 135 283 +148 +109.6%

Washington Headquarters

Office of Scientific and Technical

Information
Wind ENErgy ....cocoovvvvvveiecieicneseseseanens 12 15 10 5 -33.3%
Geothermal Technology .......ccccocvvvvvinanns 10 10 10 0 0.0%
HYArOPOWET ..o 11 11 0 11 -100.0%

Total, Office of Scientific and Technical

INFOrmMation .....ccceevvveicii e, 33 36 20 -16 -44.4%

Washington Headquarters

Biomass and Biorefinery Systems R&D ..... 50,074 54,276 27,159 -27,117 -50.0%
WiINd ENErgy ......ccooevvereenineicnescnienns 2424 7,504 6,509 -995 -13.3%
Program Direction ..o, 13,104 14,393 13,130 -1,263 -8.8%
Geothermal Technology ..o 11,491 13,869 11,179 -2,690 -19.4%
HYAropOWEr .....cocviiiciiccees e 1,887 1,831 150 -1,681 -91.8%
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(dollars in thousands)
FY 2004 FY 2005 FY 2006 $ Change % Change

Hydrogen Technology .......cccccceveiiiinnne. 59,706 69,543 69,591 +48 +0.1%
Departmental Energy Management

Program........cccoeeniiiiie e 1,963 1,951 2,019 +68 +3.50

Solar ENErgY ..oovoeieecee 7,634 18,716 9,022 -9,694 -51.8%

Intergovernmental Activities...........c.ccoceeeee. 11,279 12,631 7,610 -5,021 -39.8%

Renewable Program Support............ccceeee. 8,493 5,954 2,901 -3,053 -51.3%

Total, Washington Headquarters............cc.cvevu.... 168,055 200,668 149,270 -51,398 -25.6%

Total, Washington Headquarters...........c.ccccvervvnnne. 168,088 200,704 149,290 -51,414 -25.6%

Western Area Power Administration
WiNd ENEIgY .oovveveeeievece e 150 125 125 0 0.0%

Western Regional Office

WiINd ENEIgY ....ovivvieiiiiiiieieesee e 100 160 150 -10 -6.3%
Program DireCtion ..........ccoocvvevvrivsiveeereenenennens 0 0 147 +147 NA
SOlar ENEIgY ..o 0 50 50 0 0.0%
Total, Western Regional Office.........cccoevvvvrvinnnnn. 100 210 347 +137 +65.2%
Total, Energy SUPPIY.....ccoovvveveiine e 369,421 385,996 353,642 -32,354 -8.4%

Site Description
Central Regional Office

Introduction

The Central Regional Office is located in Golden, Colorado. The Central Regional Office provides (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)
provides direction, guidance, and support deployment and outreach programs on a local and regional
level. It provides support to Biomass and Biorefinery Systems R&D, Wind Energy, Program Direction,
and Solar Energy.

Biomass and Biorefinery Systems R&D

The Central Regional Office previously provided support to outreach activities on a local and regional
level.
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Wind Energy

The Central Regional Office provides support deployment and outreach programs on a local and
regional level.

Program Direction

Program Direction funds the salary, benefits, and travel costs for 1 FTE in each Regional Office 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;
and (3) administration and implementation of locally- and regionally-focused deployment activities,
such as Million Solar Roofs, Wind Powering America, etc.

Solar Energy

The Central Regional Office helps to administer the Million Solar Roofs Initiative.
Chicago Operations Office

Argonne National Laboratory

Introduction

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

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.

Wind Energy

ANL is preparing a programmatic environmental impact statement for wind energy development on
Federal Land.

Hydrogen Technology

ANL is conducting research and development of advanced hydrogen storage concepts including
modeling of storage systems and life cycle analyses.

Intergovernmental Activities

Funding to ANL supports international activities, primarily in the Asia-Pacific Economic Cooperation
(APEC) area by providing technical assistance and support to the program’s APEC related projects.
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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. It provides support for
Geothermal Technology, Hydrogen Technology, and Solar Energy.

Geothermal Technology

BNL supports System Development research activities in advanced drilling and energy conversion
research, including drilling materials, high temperature elastomers, and silica recovery from geothermal
brines.

Hydrogen Technology

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

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.

Lawrence Berkeley National Laboratory
Introduction

Lawrence Berkeley National Laboratory (LBNL) is located in Berkeley, California. It is a multi-
discipline laboratory providing support to Biomass and Biorefinery Systems R&D, Wind Energy,
Geothermal Technology, and Intergovernmental Activities.

Biomass and Biorefinery Systems R&D
LBNL previously provided analytical support to the program.
Wind Energy

LBNL performs analyses of opportunities for Wind Energy applications in the restructured electricity
market and administers various utility restructuring activities under the new electricity reliability office.
In support of utility restructuring, LBNL conducts policy and technical analyses on utility regulatory
policies at the State and Federal levels. LBNL provides technical support to State organizations such as
the public utility commissions and state energy offices on utility restructuring issues. LBNL provides
guidance and support to the private and public market components of the utility industry, including the
energy services industry, regional market transformation consortia, and public and private utilities.
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Geothermal Technology

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

Intergovernmental Activities

LBNL performs on-going research and technical assistance for the International Renewable Energy
Program, including technical assistance for U.S.-China energy cooperation, and support for
Collaborative Labeling and Appliance Standards Projects (CLASP).

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 Biomass and Biorefinery Systems R&D, Wind Energy,
Facilities and Infrastructure, Geothermal Technology, Hydropower, Hydrogen Technology, Solar
Energy, and Intergovernmental Activities.

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.

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
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 Wind Turbine Research partnerships
with industry.

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.
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Geothermal Technology

NREL serves as the lead laboratory for Advanced Power System under Systems Development. The
laboratory also supports in the Deployment areas of education, outreach and Technical Analysis.

Hydropower
NREL conducts hydropower/renewable energy integration studies and hydropower outreach activities.
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 is also
conducting 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.

Solar Energy

NREL is 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. NREL serves as the lead laboratory for the
Solar Heating and Lighting activity and has a major role in the Concentrating Solar Power activity.
NREL supports this by conducting technical analyses and design, experimentation, and managing
technical tasks and subcontracts to universities and industry. NREL’s technical responsibilities include
the development of low-cost solar collectors for water or space heating, trough R&D, parabolic dish
reliability, concentrating photovoltaic system R&D, and materials research. In addition, NREL
coordinates related technical activities with the Sandia National Laboratories.

Intergovernmental Activities

NREL provides technical assistance to the transfer of renewable energy and energy efficiency
technologies to Native American tribal lands and to the international deployment of renewable energy
technologies. NREL is also the lead laboratory for the International Renewable Energy Programs (e.g.,
Global Village Energy Partnership (GVEP), Climate Energy Technology Export Initiative (CETE)
seeking to mobilize private investment in clean energy technologies identified as climate change and
development priorities by key developing and transition countries. NREL participates in providing
technical assistance in identifying and developing energy policies that will reduce greenhouse gas
emissions and contribute to development goals through accelerated deployment of renewable energy and
energy efficiency technologies. In addition, NREL works cooperatively with the private sector.
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Pacific Northwest National Laboratory
Introduction

Pacific Northwest National Laboratory (PNNL) is located in Richland, Washington. It is a multi-
discipline laboratory providing support to Biomass and Biorefinery Systems R&D, Wind Energy,
Hydropower, Hydrogen Technology, and Intergovernmental Activities.

Biomass and Biorefinery Systems R&D

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

Wind Energy
PNNL supported cross-cutting analysis.
Hydropower

PNNL provides biological, environmental analysis and testing support for the Hydropower Technology
Program. PNNL has designed and fabricated test equipment to simulate turbine-induced physical
stresses on fish, and will be using this test equipment for assessing the environmental performance of
fish-friendly turbines.

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.

Intergovernmental Activities

PNNL performs on-going research and technical assistance for the International Renewable Energy
Program (IREP), including technical assistance for international renewable energy activities in Africa,
China, and Russia.

Golden Field Office
Introduction

The Golden Field Office (GO) is located in Golden, Colorado. It provides project management and
procurement support for Wind Energy, Program Direction, and Hydropower.

Program Direction

Enables GO to provide program direction, guidance, and support. GO serves as a central Project
Management Office (PMO) to EERE. Activities previously performed at other Operations Offices are
being consolidated at GO.
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Idaho Operations Office
Idaho National Engineering and Environmental Laboratory
Introduction

Idaho National Engineering Laboratory (INEEL) is located in Idaho Falls, Idaho. It is a multi-discipline
laboratory providing support to Biomass and Biorefinery Systems R&D, Wind Energy, Geothermal
Technology, Hydropower, and Hydrogen Technology.

Biomass and Biorefinery Systems R&D

INEEL 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

INEEL provides technical support to the program on government and military applications of wind
energy.

Geothermal Technology

INEEL serves as the lead laboratory for research and development in geosciences. INEEL conducts
research in exploration technologies, Enhanced Geothermal Systems, and advanced heat and power
systems.

Hydropower

INEEL provides engineering and technical support to the Hydropower Program. INEEL serves 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.

Hydrogen Technology

INEEL performed research in the area of high temperature steam electrolysis using high temperature
waste heat from next generation nuclear reactor technology. (This technology can achieve significantly
higher efficiencies than standard water electrolysis for the production of hydrogen).

Livermore Site Office
Lawrence Livermore National Laboratory
Introduction

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

Geothermal Technology

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

Los Alamos Site Office
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.

Hydrogen Technology

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

Mid-Atlantic Regional Office
Introduction

The Mid-Atlantic Regional Office provides (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) provides direction, guidance, and support deployment
and outreach programs on a local and regional level. They are located in Philadelphia, Pennsylvania. It
provides support to Wind Energy, Program Direction, and Solar Energy.

Wind Energy

The Mid-Atlantic Regional Office provides support deployment and outreach programs on a local and
regional level.

Program Direction

Program Direction funds the salary, benefits, and travel costs for 1 FTE in each Regional Office 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;
and (3) administration and implementation of locally- and regionally-focused deployment activities,
such as Million Solar Roofs, Wind Powering America, etc.

Solar Energy
The Mid-Atlantic Regional Office helps to administer the Million Solar Roofs Initiative.
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Midwest Regional Office
Introduction

The Midwest Regional Office provides (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) provides direction, guidance, and support deployment
and outreach programs on a local and regional level. Chicago Regional Office is located in Chicago,
Illinois. It supports Solar Energy, Wind Energy, and Program Direction.

Solar Energy
The Midwest Regional Office helps to administer the Million Solar Roofs Initiative.
Wind Energy

The Midwest Regional Office provides support deployment and outreach programs on a local and
regional level.

Program Direction

Program Direction funds the salary, benefits, and travel costs for 1 FTE in each Regional Office 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;
and (3) administration and implementation of locally- and regionally-focused deployment activities,
such as Million Solar Roofs, Wind Powering America, etc.

National Energy Technology Laboratory
Introduction

The National Energy Technology Laboratory (NETL) is located in Morgantown, West Virginia. It
provides procurement support to Biomass and Biorefinery Systems R&D, Wind Energy, Geothermal
Technology, Hydrogen Technology.

Biomass and Biorefinery Systems R&D
NETL assisted the program in outreach activities related to biomass technologies.
Wind Energy

NETL administers financial assistance agreements for wind energy technical assistance and outreach
efforts.

Geothermal Technology

The State Energy Program Special Project funding goes through the Regional Office (RO), and the
contracting for the RO is being conducted by NETL.

Energy Supply/Energy Efficiency and
Renewable Energy/Funding by Site FY 2006 Congressional Budget

Page 46



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.

National Nuclear Security Administration’s (NNSA) Service Center
Introduction

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

Solar Energy

The NNSA Service Center administers the cooperative agreements for the Southeast and Southwest
Regional Experiment Stations for Solar Energy. The NNSA Service Center is responsible for funding
solar research and analysis activities performed at the Southwest and Southeast Regional Energy
Stations.

Northeast Regional Office
Introduction

The Northeast Regional Office provides (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) provides direction, guidance, and support deployment
and outreach programs on a local and regional level. It is located in Boston, Massachusetts and supports
Wind Energy, Program Direction, and Solar Energy.

Oak Ridge Operations Office
Oak Ridge National Laboratory
Introduction

Oak Ridge National Laboratory (ORNL) is located in Oak Ridge, Tennessee. It is a multi-disciplinary
laboratory providing support to Biomass and Biorefinery Systems R&D, Wind Energy, Hydropower,
Hydrogen Technology, Solar Energy, and Intergovernmental Activities.

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 INEEL and NREL.

Wind Energy

ORNL provides analysis and support to wind integration studies and applications.
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Hydropower

ORNL provides biological and environmental analysis and testing support for the DOE Hydropower
Program. ORNL has the primary responsibility for environmental mitigation studies and for developing
the large hydropower turbine testing protocol.

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.

Solar Energy

ORNL is the primary laboratory responsible for conducting hybrid solar lighting R&D for the Solar
Program. This includes conducting research into sunlight transmission through fiber optics; designing
and testing systems that collect the sunlight, transfer it into fiber optics, and then distribute the sunlight
into rooms; and coordinating industrial partners interested in commercializing the technology.

Intergovernmental Activities

In the International Renewable Energy Program, ORNL has senior responsibility for providing technical
assistance to developing countries in the Asia-Pacific region. This assistance includes training in the
use of various models for analyzing various options for mitigating and sequestering greenhouse gas
emissions.

Sandia Site Office
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 Wind Energy, Geothermal
Technology, Hydrogen Technology, Solar Energy, and Intergovernmental Activities.

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.

Geothermal Technology

SNL serves as the lead laboratory for research and development in drilling under Systems Development.
SNL conducts research on diagnostics-while-drilling, drilling measurement and control, drilling
hardware development, and design and testing of high-temperature wellbore instrumentation. SNL also
manages cost-shared exploration with industry partners under Technology Verification and supports
outreach activities under Technology Deployment.
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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.

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. SNL also has responsibilities within the
Solar Heating and Lighting activity, providing technical support to the solar industry and homebuilders.

Intergovernmental Activities

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

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.

Southeast Regional Office
Introduction

The Southeast Regional Office provides (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) provides direction, guidance, and support deployment
and outreach programs on a local and regional level. It is located in Atlanta, Georgia. It supports Wind
Energy, Program Direction, and Solar Energy.
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Wind Energy

The Southeast Regional Office provides support deployment and outreach programs on a local and
regional level.

Program Direction

Program Direction funds the salary, benefits, and travel costs for 1 FTE in each Regional Office 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;
and (3) administration and implementation of locally- and regionally-focused deployment activities,
such as Million Solar Roofs, Wind Powering America, etc.

Solar Energy

The Southeast Regional Office helps to administer the Million Solar Roofs Initiative.
Washington Headquarters

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, Geothermal Technology, and Hydropower.

Wind Energy

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

Geothermal Technology

OSTI distributes information for the Geothermal Technology Program including publishing, digitizing
of legacy documents, and maintaining on-line full text of electronic publications.

Hydropower

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

Washington Headquarters
Introduction

Washington, D.C. is the headquarters for the Office of Energy Efficiency and Renewable Energy
operations. The Headquarters operations provides specialized, technical expertise in 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 Biomass and Biorefinery Systems R&D,
Wind Energy, Program Direction, Geothermal Technology, Hydropower, Hydrogen Technology,
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Departmental Energy Management Program, Solar Energy, Intergovernmental Activities, and
Renewable 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.

Wind Energy

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

Western Regional Office
Introduction

The Western Regional Office provides (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) provides direction, guidance, and support deployment
and outreach programs on a local and regional level. Western Regional Office is located in Seattle,
Washington and provides support to Wind Energy, Program Direction, and Solar Energy.

Wind Energy

The Western Regional Office provides support deployment and outreach programs on a local and
regional level.

Program Direction

Program Direction funds the salary, benefits, and travel costs for 1 FTE in each Regional Office 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;
and (3) administration and implementation of locally- and regionally-focused deployment activities,
such as Million Solar Roofs, Wind Powering America, etc.

Solar Energy

The Western Regional Office helps to administer the Million Solar Roofs Initiative.
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Hydrogen Technology
Funding Profile by Subprogram?

(dollars in thousands)

FY 2004 FY 2005 FY 2005
Comparable Original FY 2005 Comparable FY 2006
Appropriation | Appropriation | Adjustments | Appropriation Request
Hydrogen Technology
Production and Delivery
RED ...t 10,083 14,333 -115° 14,218 32,173
(0] [0TSR 13,174 23,845 -191° 23,654 29,890
Infrastructure Validation .......... 5,784 9,560 -76° 9,484 14,945
Safety and Codes and
Standards.........cccceervvieererenennns 5,615 6,002 -48° 5,954 13,121
Education”.........ccoooooverrernnrirennnns 2,417 0 0 0 1,881
Systems Analysis'..................... 1,372 3,993 -589¢ 3,404 7,084
Congressionally Directed
ACHIVILIES ..o 41,967 37,592 -300" 37,292 0
Total, Hydrogen Technology....... 80,412 95,325 -1,319 94,006 99,094

Public Law Authorizations:

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

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

P.L. 101-566, “Spark M. Matsunaga, Hydrogen Research, Development, and Demonstration Act of 1990” (1990)
P.L. 102-486, “Energy Policy Act of 1992, Section 2026 (1992)

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

#SBIR/STTR funding in the amount of $892,000 was transferred to the Science Appropriation in FY 2004. Estimates for
SBIR/STTR budgeted in FYY 2005 and FY 2006 are $1,219,000 and $1,986,000 respectively.

® Reflects the 0.80% rescission of -$115,000.

¢ Reflects the 0.80% rescission of -$191,000.

¢ Reflects the 0.80% rescission of -$76,000.

¢ Reflects the 0.80% rescission of -$48,000.

"In the FY04 and FY05 budgets, Education and Cross-cutting (now Systems Analysis) were grouped into one key activity.
The activities have been separated in the FY06 budget.

9 Reflects the 0.80% rescission of -$23,000 and comparability adjustment for Cross-cutting Planning, Analysis and
Evaluation of -$566,000.

" Reflects the 0.80% rescission of -$300,000.
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Mission

Hydrogen Technology is part of the overall integrated Hydrogen, Fuel Cells and Infrastructure
Technologies Program (HFCIT) in DOE’s Office of Energy Efficiency and Renewable Energy.? The
mission of the integrated HFCIT Program is to research, develop, and validate fuel cell and hydrogen
production, delivery, and storage technologies. The program aims to have hydrogen from diverse
domestic resources used in a clean, safe, reliable, and affordable manner in fuel cell vehicles and
stationary power applications.

Benefits

Hydrogen Technology is a key component of the President’s Hydrogen Fuel Initiative and contributes to
the goals of DOE’s FreedomCAR budget crosscut. In turn, both FreedomCAR and the Hydrogen Fuel
Initiative support the Nation moving forward to achieve the vision of a diverse, secure, and emissions-
free energy future. Together, the Hydrogen Fuel Initiative and FreedomCAR will facilitate a decision
by industry to commercialize hydrogen-powered fuel cell vehicles in the year 2015. Widespread
commercialization of hydrogen-powered vehicles will support our national security interests by
significantly reducing our reliance on foreign oil. To the extent that hydrogen is produced from
domestic resources in an environmentally sound manner, Hydrogen Technology will provide a
significant environmental benefit for the Nation. Research undertaken by Hydrogen Technology is
targeted to enable cost competitive hydrogen production from renewables and natural gas and to provide
storage technology that enables greater than 300 mile driving range for vehicles.

In November of 2003, the DOE launched the International Partnership for the Hydrogen Economy
agreed to by 15 nations and the European Union, in pursuit of hydrogen as a transportation system
reality by 2020. In February 2004, the Department released its DOE Hydrogen Posture Plan, which
outlines the Department’s role in hydrogen energy research and development. When hydrogen-powered
fuel cell vehicles are introduced in substantial numbers, the oil savings and other benefits to the Nation
are expected to be significant.

Strategic and Program Goals

The Department’s Strategic Plan identifies four strategic goals (one each for defense, energy, science,
and environmental aspects of the mission) plus seven general goals that tie to the strategic goals. The
Hydrogen Technology Program supports the following goal:

Energy Strategic Goal

General Goal 4, Energy Security: Improve energy security by developing technologies that foster a
diverse supply of reliable, affordable, and environmentally sound energy by providing for reliable
delivery of energy, guarding against energy emergencies, exploring advanced technologies that make a
fundamental improvement in our mix of energy options, and improving energy efficiency.

The Hydrogen Technology Program has one program goal which contributes to General Goal 4 in the
“goal cascade:”

8The integrated HFCIT Program receives funding from the Energy Supply (for Hydrogen Technology) and Energy
Conservation (for Fuel Cell Technologies) appropriations. This budget description is for the Hydrogen Technology portion
of the integrated HFCIT Program.
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Program Goal 04.01.00.00: Hydrogen Technology: Develop 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 Program Goal 04.01.00.00 (Hydrogen Technology)

The key Hydrogen Technology contribution to General Goal 4, Energy Security, is production of
domestic supplies through:

= Production and delivery R&D for market-based technologies that will reduce the cost of producing
hydrogen from renewables from $6.20/gge in 2003 to $2.85/gge untaxed at the station (5000 psi) by
2010;%

= Production and delivery R&D for market-based technologies that will reduce the cost of producing
hydrogen from natural gas (distributed) from $5.00/gallon of gasoline equivalent (gge) in FY 2003
to $1.50/gge (at 5,000 psi) in FY 2010 untaxed at the station with high equipment manufacturing
volumes (e.g. hundreds of units/year);

= Storage R&D to develop and demonstrate commercially-viable hydrogen storage technology that
enables greater than 300-mile vehicle driving range. Specifically, develop and demonstrate by 2010
a hydrogen storage technology with capacity of 2.0 kwh/kg (6 weight percent), compared to 0.5-1.3
kWh/kg in 2003, and 1.5 kWh/I (kilowatt-hours per liter), compared to 0.5-0.6 kWh/I in 2003;

= Education activities that will significantly increase the number of students, teachers, and local and
state government representatives, and large scale end-users who understand the concept of a
hydrogen economy. The program expects to achieve a four-fold increase in the number of students,
teachers, and local and state government representatives, and a two-fold increase in the number of
large scale end users, who understand the concept of a hydrogen economy and how it may affect
them by 2011 (relative to 2004 survey results), thus accelerating the market adoption of hydrogen-
based technology;

= Validation of infrastructure technology at full scale to achieve the target cost of hydrogen production
and delivery at the station. Specifically, to validate infrastructure and vehicle interface technologies
in 2009 at full scale with a cost of $3.00 per gallon gasoline equivalent with 68 percent well-to-
pump efficiency; and

= Underlying research for safety and codes and standards that will enable preparation of a global
technical regulation (GTR) for hydrogen fuel cell vehicles and infrastructure (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.

# Basis of renewable hydrogen production target changed from biomass to electrolysis in response to the National Research
Council’s recommendation to increase emphasis on electrolysis technology development.
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Annual Performance Results and Targets

‘ FY 2001 Results ‘

FY 2002 Results

FY 2003 Results

FY 2004 Results

FY 2005 Targets

FY 2006 Targets

Program Goal 04.01.00.00 (Hydrogen Technology)

Hydrogen Technology/Production and Delivery R&D: Renewables

Hydrogen Technology/Production and Delivery R&D: Non-Renewables

Complete construction of a
prototype hydrogen generator
with ceramic membrane for
production and purification of
hydrogen from natural gas.

Hydrogen Technology/Storage: Solid State

Hydrogen Technology /Storage: Tanks

Hydrogen Technology/Infrastructure and Validation

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/I. [Met]

Verify low electricity and

Energy Supply/Energy Efficiency and Renewable Energy/

Hydrogen Technology

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]

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 kwWh/l and 4.5
wt. percent and the 2010 targets
of 2.0kWh/kg (6 wt. percent),
1.5 kWh/I at $4/kWh. [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
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Model cost of hydrogen
produced from renewables and
assess versus the 2010 target of
$2.85/gge, untaxed at the station
at 5000 psi.

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
coproducing electricity) at the
station in 2006.

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

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

Complete validation of an

Complete fabrication of lab-
scale electrolyzer, and test
whether it achieves 64% energy
efficiency and meets the 2006
system-level targets of
$5.50/gge hydrogen cost.

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.

Complete fabrication and testing
of prototype metal hydride
system, evaluate against target
of 1.2 kWh/kg (3.5 wt.%), and
complete preliminary design of
system with potential to meet
2010 targets (2.0 kwh/kg [6
wt.%], 1.5 kwh/l).

Complete installation and 1,000
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FY 2001 Results

FY 2002 Results

FY 2003 Results

FY 2004 Results FY 2005 Targets

FY 2006 Targets

Hydrogen Technology: Education

Hydrogen Technology: Systems Analysis

Hydrogen Technology/Safety and Codes and Standards

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]

energy station that can produce
5,000 psi hydrogen from natural

and system design of an
isothermal compressor to be
incorporated in hydrogen gas for $3.60 per gallon of
refueling stations to produce gasoline equivalent (including
hydrogen at $3.00/gge by 2009.  co-production of electricity)
[MET] untaxed at the station with
mature equipment production
volumes (e.g., 100 units/year).

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]

Define requirements for system
analysis and integration to link
the program’s technical

objectives to cost and schedule.

[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]

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

Develop, peer review and issue
Hydrogen Systems Analysis
Plan.

Characterize large-leak releases
of hydrogen and develop model
to validate experiments to within
25 % of expected value.

Hydrogen Technology/Efficiency

Energy Supply/Energy Efficiency and Renewable Energy/
Hydrogen Technology
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FY 2001 Results FY 2002 Results

FY 2003 Results

FY 2004 Results

FY 2005 Targets

FY 2006 Targets

Energy Supply/Energy Efficiency and Renewable Energy/
Hydrogen Technology

Contribute proportionately to
EERE’s corporate goal of
reducing corporate and
program uncosteds to a range
of 20-25 percent by reducing
program annual uncosteds by
10 percent in 2004 relative to
the program uncosted baseline
(2003) until the target range is
met.

Page 58

Contribute proportionately to
EERE’s corporate goal of
reducing corporate and
program adjusted uncosted
obligated balances to a range of
20-25 percent by reducing
program annual adjusted
uncosteds by 10 percent in 2005
relative to the Hydrogen/Fuel
Cell Program FY 2004 end of
year adjusted uncosted baseline
($29,283K) until the target
range is met.

Contribute proportionately to
EERE’s corporate goal of
reducing corporate and
program adjusted uncosteds to a
range of 20-25 percent by
reducing program annual
uncosteds by 10 percent in 2006
relative to the program uncosted
baseline (2005) until the target
range is met.

Maintain total program
management costs in relation to
total Program costs in the range
of 8% - 12% to demonstrate
efficient and effective EERE-
wide business and technical
support to mission direct
programs.
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Means and Strategies

Hydrogen Technology will use various means and strategies to achieve its 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.

Hydrogen Technology will implement the program through the following means:

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;

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

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 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;

Develop systems models and make trade-off analyses to direct effective technology decisions; and

Develop and distribute educational materials and training to facilitate the transition to a hydrogen
economy.

Hydrogen Technology will implement the program through the following strategies:

Implement the Department’s planning documents including the DOE Hydrogen Posture Plan (which
outlines the Department’s role in hydrogen energy research and development), the HFCIT 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
lays out 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;
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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 for R&D on chemical hydrides, metal hydrides and carbon-based
materials to support the solid state storage goal;

Conduct cross-cutting analyses and focus on life cycle cost, emissions, and efficiency of a broad
array of options for hydrogen infrastructure in the near (2015), mid (2030), and long term (post
2050); and

Conduct research, development and demonstration activities through competitive, cost-shared
cooperative agreements with industry and universities.

These means and strategies will 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 - thus putting the taxpayers’ dollars to more productive use.

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 will affect the market outcomes;

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:

Coordinate across four Departmental elements, EERE, NE, FE and SC and the Department of
Transportation (DOT) to update the DOE Hydrogen Posture Plan annually to support and coordinate
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.
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(dollars in thousands)

Hydrogen Fuel Initiative FY 2006 Request
Energy Efficiency and Renewable Energy (EERE) ..o $182,694
NUCIEAr ENEIGY (NE) ..o.vviiiciieicictee ettt be e $20,000
FOSSIT ENEIGY (FE) cveviiiiiiieieetctcteteteee sttt ettt bbbttt bbbt b e e ee $22,000
OFfiCe OF SCIBNCE (SC) ..vviviviiiiiiiisis ettt bbbt sn bbb bbb $32,500
Subtotal, Department Of ENEIQY ........ccccvviiveiriiieiiiiieee ettt $257,194
Department of Transportation (DOT) .......c.cccueuereueiriiiieiiieesiee ettt $2,350
Total Hydrogen FUEl INFLIALIVE .........cccoovivecieeccccce e $259,544

= Participate in the Hydrogen R&D Interagency Task Force. The Task Force involves Federal
agencies that have hydrogen and fuel cell related activities to leverage and coordinate Federal
resources;

= Participate in the International Partnership for a Hydrogen Economy to leverage R&D capabilities
globally;

= Coordinate infrastructure validation with vehicle technology validation funded under the Energy
Conservation appropriation;

= Work 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
annual coordination plan with DOT that outlines cooperative activities and establishes roles and
responsibilities; and

= For activities that support transportation applications, cooperate with the EERE Office of
FreedomCAR and Vehicle Technologies. 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.
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2010 Hydrogen Fuel Initiative and FreedomCAR Coordinated Technology Goals
The Office of FreedomCAR and 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
HFCIT)

The Office of Hydrogen, Fuel Cells, and Infrastructure Technologies has responsibility for
these goals:

= 60 percent peak energy-efficient, durable direct hydrogen 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.

= Fuel Cell Systems (including an on-board fuel processor) having a peak brake engine
efficiency of 45 percent, and that meet or exceed emissions standards with a cost target of
$45/kW by 2010 and $30/kW by 2015. This goal is no longer being pursued due to “no-
go” decision on the on-board reformer technology pathway.

= Hydrogen Refueling Systems demonstrated with developed commercial codes and
standards and diverse renewable and non-renewable energy sources. Targets: 70 percent
energy efficiency well-to-pump; cost of energy from hydrogen equivalent to gasoline at
market price, assumed to be $1.50 per gallon (2001 dollars).

= Hydrogen Storage Systems demonstrating an available capacity of 6 wt. percent
hydrogen, specific energy of 2.0 kwWh/kg and energy density of 1.5 kwh/I at a cost of
$4/kWh.

= 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 FCVT)
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Validation and Verification

To validate and verify program performance, Hydrogen Technology will conduct internal and external
reviews and audits. These programmatic activities are subject to continuing review by, for example, the
Congress, the General Accounting Office, the Department's Inspector General, the U.S. Environmental
Protection Agency, and state environmental agencies. Specific milestones, go/no-go decision points,
and technical progress are systematically reviewed through the program’s merit review process. The
table below summarizes validation and verification activities.

Data Sources:  Merit Review and Peer Evaluation of R&D, and Program Peer Reviews are
conducted. Engineering models and quarterly reports are used to validate technical
targets. Summary program plans are used to evaluate progress towards technical
targets.

Baselines: The following are the key baselines used in Hydrogen Technology:
= renewable 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% by weight)
and 0.6 kwh/I

=  solid state materials for storage systems (2003): 0.5 kWh/kg (1.5% by weight)
and 0.5 kwh/I

= validated production (delivered) (2004): $3.60/gge
= education (2004): Survey?

= Uncosted balance of research resources (2003): $15.6M (out of $31.1M
appropriation, subtracting $7M of earmarks) or 50 percent

Frequency: GPRA Benefits are estimated annually, Merit Review and Peer Evaluation of R&D
projects are evaluated 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

& Analysis of a 2004 survey is currently underway to determine the 2004 baseline for number of stakeholders in target
audiences educated about hydrogen energy systems.
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Evaluation: In carrying out the program’s mission, the HFCIT 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 HFCIT 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), R&DIC (annual internal review of performance planning and
management of R&D programs against specific criteria), PMA (the Presidents
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).

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

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

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 HFCIT planning documents.

The HFCIT 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.

2 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; HFCITP Multi-Year Research, Development and Demonstration Plan ; Hydrogen Posture Plan; and the National
Academies’ Report, “The Hydrogen Economy: Opportunities, Costs, Barriers, and R&D Needs” 2004.

Energy Supply/Energy Efficiency and
Renewable Energy/Hydrogen Technology FY 2006 Congressional Budget

Page 64



The National Laboratories can receive direct funds to overcome high-risk hydrogen
and fuel cell technology research and development barriers, based on their
capabilities and performance. In the future, the program plans to evaluate
competition issues related to the national laboratories. Industry and universities
already receive funding through a competitive process that leads to cost-shared
cooperative agreements. Hydrogen and fuel cell industry experts review each
university, laboratory and industry project at the annual Merit Review and Peer
Evaluation. Consistent with the principles of the Administration’s R&D Investment
Criteria, project peer reviews include: 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 conducted by the Hydrogen Safety Panel to monitor the safety of procedures
and facilities throughout the HFCIT Program.

Verification: Quiarterly 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. Hydrogen Technology has incorporated
feedback from OMB into the FY 2006 Budget Request and has taken or will take the necessary steps to
continue to improve performance.

Most PART recommendations within program control have been addressed and results-based planning
continues to improve. The FY 2004 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.
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The FY 2004 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 cooperative agreements with universities and industry, and work agreements with National
Laboratories to develop high-risk hydrogen production from renewables and hydrogen storage
technologies. EERE and SC have coordinated extensively in developing a FY 2004 solicitation for
basic research to support hydrogen production, storage and use.

Another FY 2004 PART recommendation suggested the development of adequate annual performance
measures. Annual performance measures that correlate with multi-year program plan technical targets
have been included in budget requests. These improvements in planning and accountability were
reflected in the Hydrogen Program's improved FY 2005 score in those areas, resulting in an overall
score improvement and a “moderately effective” rating, the second highest rating possible.

The FY 2005 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 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 PART also recommended that the program participate in the development of a consistent
framework for the Department to analyze the costs and benefits of its R&D investments, and apply this
guidance to development of the FY 2006 budget. The program has provided input the Department needs
to improve consistency in the methods and assumptions used to estimate potential benefits. The
Department is employing the data in its effort to produce comparable estimates within its energy R&D
programs to inform budget decision. EERE is working with OMB, the other applied R & D programs,
and the PMA Budget and Performance Integration principals in the department to establish an
increasingly integrated and consistent framework to inform the budget process.
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Funding by General and Program Goal

(dollars in thousands)

| Fv2004 | Fv2005 | FY 2006

General Goal 4, Energy Security
Program Goal 04.01.00.00, Hydrogen Technology
Production and Delivery R&D .........ccccveveieieievesie e 10,083 14,218 32,173
StOrage RED ..o e 13,174 23,654 29,890
Infrastructure Validation ..o, 5,784 9,484 14,945
Safety and Codes and Standards...........ccccoverereeieiene i 5,615 5,954 13,121
EAUCALION ..ot 2,417 0 1,881
SYSIEMS ANAIYSIS ...ttt 1,372 3,404 7,084
Congressionally Directed Activities

Competitive Solicitation for Solid Oxide Fuel Cells....................... 2,453 4,960

HI-Way Initiative in New York State (partially supports Goal)..... 981 0

Fuel Cell Development for Distributed Generation and Carbon

Sequestration in Northwest Indiana..........ccoeveeveverereneninneseseennns 1,962 0 0

EVermont Hydrogen Electrolyzer Project.........cccoovvvivivvevveiciennns 937 0 0

Evaluation of Solar-Powered Thermo-Chemical Production of
Hydrogen from Water........ ..o 2,943 0 0

National Center for Manufacturing Science to Develop
Advanced Manufacturing Technologies for Renewable Energy

APPHCALIONS ... e 2,943 0 0

Fuel Cell Research by the University of South Florida

(partially SUPPOItS GOAl) ......covveiriiieiieeee e 981 1,488

Hydrogen Future Park at the University of Montana..................... 736 0

Renewable Hydrogen Fueling Station System, University of

Nevada at Las VEQGAS .....coevereririieiineeie et e 2,943 4,960 0

Expanding Clean Energy Research and Education Program at

the University of South Carolina (partially supports Goal) ............ 1,079 992 0

Hydrogen Fuel Cell Project Washoe County, Nevada.................... 1,962 992 0

Lansing Community College Alternative Energy Center ............... 981 0 0

California Hydrogen Infrastructure (partially supports Goal) ........ 0 2,480 0
Total, Congressionally Directed ACtiVIties.........coovveveveienene v 20,901 15,872 0
Total, Program Goal 04.01.00.00, Hydrogen Technology .........c.cc.c..... 60,327 72,586 99,094
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(dollars in thousands)

FY 2004 FY 2005 FY 2006
All Other
Congressionally Directed Activities®
HI-Way Initiative in New York State (partial $)°.........cc......... 981 0 0
Shared Technology Transfer Program by Nicholls State
UNIVEISTEY ¢ttt et 981 0 0
Startech Hydrogen Production Project.........c.ccoovvvveveienvinnnnns 491 497 0

Hawaii Hydrogen Center for Development and
Deployment of Distributed Energy Systems: Gateway
Project on Island of Hawaii........c.ccccoevevvinninnnciccc e 2,982 992 0

Hawaii Hydrogen Center for Development and
Deployment of Distributed Energy Systems: Power Park

on the Island of OahU .........ccovrviiiii e 491

Edison Materials Technology Center...........cccceeeviiincinnnnne. 2,943 2,976

Florida Hydrogen Partnership/Initiative............c.ccocoevvivinennnne. 1,962 1,984

Fuel Cell Research by the University of South Florida

(PAILIAL $)® ..o 981 1,488

Fuel Cell Mine Loader and Prototype Locomotive................. 1,962 1,984

Hydrogen Regional Infrastructure Program in

PenNSYIVANIA ......ccveivviiiieieece s 2,943 1,984 0

Expanding Clean Energy Research and Education Univ.

South Carolina (partial $)°..........coeervveevrreeerereereeseeerenions 1,079 992

Enterprise Center for Chattanooga Fuel Cell Demo................. 2,485 0 0

Residential Fuel Cell Demo by the Delaware County

T (o O] o P 294 0 0

Smart Energy Management Control Systems.............ccccceeuenee. 491 0 0

Hydrogen Storage and Fuel Cells, Univ of Las Vegas ........... 0 2,976 0

Zero Emission Bus Demo Program.........cccceeeeeienenenesennnn 0 99 0

Ohio Distributed Hydrogen Project ..........ccccocvvevvvviviivcieinenn, 0 1,091 0

Bowling Green Fuel Cell, Univ. of Toledo.........ccccceoerenenene 0 992 0

California Hydrogen Infrastructure (partial $)°.........c.coo....... 0 2,480 0

National Center for Energy Management and Building

LT 1 0] [0 TS 0 885 0
Total, Al OhEr ..o 21,066 21,420 0
Total, General Goal 4 (Hydrogen Technology).......ccccccevvvienveiinnieiennnns 80,412 94,006 99,094

 Hydrogen Technology worked with the recipients of the Congressionally Directed funding in an attempt to develop
statements of work that address technology barriers and support program goal.

b Projects marked as “partial $” are judged to be partially supportive of the program goals, so half of their funding is included
in the first section of the table and half is shown here in the second section.
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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
fuel supplies. Realization of the Hydrogen Technology goals would provide the technical potential to
reduce conventional energy use.

Estimates for energy savings, energy expenditure savings, carbon emission reductions, oil savings, and
natural gas savings that result from the realization of the integrated HFCIT Program goals are shown in
the tables below through 2050, reflecting the increasing availability of commercial fuel cells and
hydrogen sources. When hydrogen-powered fuel cell vehicles are introduced in substantial numbers and
fuel cells reach the mass consumer market for electronics and other stationary applications, the oil
savings and other benefits to the Nation are expected to be significant. Early estimates of potential
long-term benefits that could be achieved by the entire Hydrogen Fuel Initiative (not just EERE’s
activities) were 11 million barrels per day (mbpd) in 2040. Achievement of the Hydrogen and Fuel Cell
program goals could result in mid-term oil savings of 0.2 mbpd in 2025 as the program technologies
begin to enter the market (based on the GPRA06-NEMS model) and in the long term ramp up to savings
of 2.7 mbpd in 2050 (based on preliminary estimates using the GPRA06-MARKAL model).?
Additional contributions towards the Hydrogen Fuel Initiative-wide goal of 11 mbpd will come from the
Nuclear Energy, Science, and Fossil Energy activities in the Initiative, and also from the Vehicle
Technologies program’s emerging work on hydrogen-fueled internal combustion engines.

The assumptions and methods underlying the modeling efforts have significant impact on the estimated
benefits, and results could vary significantly if external factors, such as future energy prices, differ from
the “baseline case” assumed for this analysis. EERE’s baseline case is essentially the same as the EIA
“business-as-usual” case presented in its Annual Energy Outlook. In addition, 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 section above, could also affect the Program’s ability to achieve its goals.

The results shown in the long term benefits tables are preliminary estimates based on initial modeling of
some of the possible program production technologies; nonetheless, 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 that follow assume that individual technology plans are followed and
current market assumptions obtain. Final documentation is estimated to be completed and posted by
March 31, 2005. Uncertainties are larger for longer term estimates. A summary of the methods,
assumptions, and models used in developing these benefit estimates that are important for understanding
these results are provided at: http://www.eere.energy.gov/office_eere/budget_gpra.html.

% In the FY 2006 projections, the HFCIT Program’s estimated benefits for 2025 to 2050 are roughly half of those presented
in the FY 2005 Budget Request. This is primarily due to a reduction in the model’s relative efficiency advantage of a
hydrogen fuel cell vehicle over a gasoline hybrid vehicle. This reduction was the result of adopting common assumptions for
vehicle weight reductions, aerodynamic improvements, and tire rolling resistance in both vehicle types. Another cause for
the reduction in estimated benefits is that the natural gas prices projected for this period are more than 10 percent higher than
in last year’s analysis.
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The full long-term potential for renewable-based hydrogen is not reflected in this FY 2006 benefits
analysis. Further improvements in the analysis for renewable-based hydrogen technology are underway.
In addition, these estimates do not include an assessment of the role of policy measures in facilitating
the development of the infrastructure necessary to provide hydrogen at refueling stations nationwide, or
in stimulating consumer demand for hydrogen fuel cell vehicles.

FY 2006 GPRA Benefits Estimates for Hydrogen, Fuel Cells and Infrastructure Technologies Program?

Mid-term benefits” 2010 2015 2020 2025

Primary nonrenewable energy savings (Quads) ........cccccevervrervrnsenann, ns ns ns 0.2
Energy bill savings (Billion 200238)..........cccceourieiininrienneensee e, ns ns ns 2
Carbon emission reductions (MMTCE) .......c.coouiiiiiineie s ns ns ns 5
Oil 5avings (MBPA) ...veoveieee e ns ns ns 0.2
Natural gas savings (QUAAS)C............cceeveuerereeieesie i e ee e, ns ns ns -0.30
Long-term benefits* 2030 2040 2050

Primary nonrenewable energy savings (QUAaAS) .........ccooererericiieiene e 1.0 3.0 4.3
Energy system cost savings (Billion 20018).........ccccovvirieiinneinienseeseeeseeeas 1 11 26
Carbon emission reductions (MMTCE) .......cccovviviinieeiee e 21 43 60
Ol SAVINGS (MDP) ..ot e 0.7 2.0 2.7
Natural gas Savings (QUAAS) ........erueiiririeie ettt st sbe e -0.27 0.29 0.71

® Benefits reported are annual, not cumulative, for the year given. Estimates reflect the benefits that may be possible if all of
the program’s technical targets are met and funding continues at levels consistent with assumptions in the FY 2006 Budget.
b Mid-term program benefits were estimated utilizing the GPRA06-NEMS model, based on the Energy Information
Administration’s (EIA) National Energy Modeling System (NEMS) and utilizing the EIA’s Annual Energy Outlook (AEO)
2004 Reference Case.

¢ Although these results show a small negative impact on natural gas demand in the short and mid-term, an analysis by the
Office of Energy Efficiency and Renewable Energy (EERE) of its entire research and deployment portfolio indicates that by
2020 the industrial, buildings, and other portions of this EERE portfolio will be freeing up significant natural gas demand to
more than offset the estimated small impacts on natural gas of the HFCIT Program during the early phases of the transition to
a hydrogen economy. In the long term, the program is targeting more renewable-based hydrogen.

9 Long-term benefits were estimated utilizing the GPRA06 - MARKAL developed by Brookhaven National Laboratory
(BNL). Results can differ among models due to differences in their structure. In particular, the two models estimate
economic benefits in different ways, with the MARKAL model reflecting the cost of additional investments required to
achieve reductions in energy bills.
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Production and Delivery R&D

Funding Schedule by Activity

(dollars in thousands)

FY 2004 FY 2005 FY 2006 $ Change % Change
Production and Delivery R&D ....... 10,083 14,218 32,173 +17,955 +126.3%
Total, Production and Delivery
RED ..ot 10,083 14,218 32,173 +17,955 +126.3%

Description

Production and Delivery R&D encompasses a diversity of renewable feedstocks and energy sources
including biomass, wind, and solar, to convert to hydrogen. Work involving other feedstocks are largely
funded by, and coordinated with, other offices (i.e. FE and NE). Technology areas include an array of
processes and techniques such as reforming, separating, purifying, compressing, and delivering
hydrogen.

Benefits

Production and Delivery R&D supports the mission of the HFCIT Program by developing new and
advanced technologies to produce hydrogen from diverse domestic resources. The benefits of the R&D
support the achievement of fuel costs on a cents/mile basis which is less than for existing gasoline
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. Note, targets are based on
hydrogen quantities of approximately 1,500 kg/day for distributed production of hydrogen.

Hydrogen Production Costs (modeled)®: Renewable delivered at 5000 psi

($/9ge)

2003 2004 2005 2006 2007 2008 2009 2010

Hydrogen® 6.20 570 550 4.50 2.85

& Hydrogen production cost estimates use laboratory data and assume high equipment manufacturing volumes, e.g.
approximately 1000 units/year.

> Hydrogen production costs are based on distributed refueling station scale (500-1500 gge/day) electrolyzing water at $6/
gge in 2004 ($700/kW, 62 percent LHV using electricity with 30-40 percent wind power, $5.50/gge in 2006 ($600/kW, 64
percent LHV using electricity with 30-40 percent renewable power; $4.50/gge in 2008 ($400/kW, 65 percent LHV using
electricity with 30-40 percent renewable power; and $2.85/gge in 2010 ($250/kW, 75 percent LHV using electricity with 40
percent wind power).
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Hydrogen Production Costs (modeled)®: Non-renewable delivered at 5000 psi, untaxed, at 5000 psi,
based on natural gas at $4.40/MBtu.

($/gge) (2001 dollars)
2003 2004 2005 2006 2007 2008 2009 2010

Hydrogen from natural gas
(distributed) 5.00 4.50 3.00 2.50 1.50

Detailed Justification

(dollars in thousands)

FY 2004 FY 2005 FY 2006

Production and Delivery R&D..........cccccccvvivevviieiieiinanen, 10,083 14,218 32,173

Expand research on renewable feedstocks and energy sources. Develop advanced electrolyzer
systems that address cost, efficiency, durability and integration with wind based electricity to achieve
a projected hydrogen cost as low as $2.85 per gasoline gallon equivalent (untaxed) at 5000 psi by
2010. Conduct research using biomass feedstock to combine reforming, water-gas shift, separations
and purification with gasification/pyrolysis processes toward achieving a cost of $3.50/gge at the
station by 2009. Research will be coordinated with gasification technology developed by the EERE
Biomass Program and DOE’s Fossil Energy Program. Develop separation technologies to reduce
energy use and capital costs associated with purifying hydrogen streams from renewable sources such
as biomass. In photoelectrochemical water splitting production and in collaboration with the Office of
Science, complete development of a semiconductor material that achieves a projected 8 percent solar-
to-hydrogen efficiency with 1000-hour durability by the end of 2010. Conduct research for advanced
semiconductor materials to achieve 10 percent solar-to-hydrogen efficiency and 5,000 hour durability
by 2015. In collaboration with the Office of Science, research biological micro-organism systems to
improve efficiency for water splitting production. Additionally, conduct research in solar based high
temperature water splitting chemical cycles using solar concentrators aimed at demonstrating the
feasibility of $4.00 per gasoline gallon equivalent at the plant gate by 2010.

Conduct research to reduce capital costs and increase energy efficiency of delivery systems from
central production facilities including lower pipeline material and construction costs, more energy
efficient and lower cost liquefaction technology, more reliable and durable compression technology,
and novel, cost effective solid or liquid delivery systems.

Continue production and delivery research cooperative agreement projects selected in 2004. These
projects included 16 universities and over 80 industry partners with national laboratories serving in
technical assistance role in specific areas of their expertise.

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

FY 2004 FY 2005 FY 2006

In FY 2004, this activity was reduced by $261,000 for SBIR/STTR and transferred to the Science
Appropriation.

Total, Production and Delivery R&D ...........cccccovevvenenn. 10,083 14,218 32,173

Explanation of Funding Changes

FY 2006 vs.
FY 2005
($000)

Production and Delivery R&D

The significant increase is consistent with the National Research Council’s
recommendations in their Hydrogen Economy Report. Reflects Research and
Development Investment Criteria (RDIC) section 2f — External Peer Review, and 2b,
Industry Involvement.) The increased funding is to accelerate distributed reforming
and electrolyzer development. Research will also be increased in carbon-free,
renewable solar based high temperature thermochemical, photoelectrochemical and
photobiological, production and delivery technologies to complement existing
technologies in support of the 2010 technical targets planned in the DOE Hydrogen
Posture Plan and the HFCIT Program Multi-Year Research, Development and
Demonstration Plan. (RDIC section 2a - Builds on or Complements Existing R&D.)
The majority of the increase will support competitive, merit-reviewed, cost-shared
R&D with industry. (RDIC section 2c - Industry Cost-sharing and RDIC section 2f —
Competitive Awards and Peer REVIEW.) .. ..... ..ot +17,955

Total Funding Change, Production and Delivery R&D ..., +17,955
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Storage
Funding Schedule by Activity

(dollars in thousands)

FY 2004 FY 2005 FY 2006 $ Change % Change
) (0] - 1o - T 13,174 23,654 29,890 +6,236 +26.4%
Total, Storage .....ccooevvvvvrveierieien 13,174 23,654 29,890 +6,236 +26.4%

Description

Hydrogen Storage will focus primarily on the research and development of on-board vehicular storage
systems that allow for a driving range of greater than 300 miles within the constraints of weight,
volume, durability, refueling time, efficiency, and total cost. Storage will develop and demonstrate solid
and liquid materials and explore conformable tank technologies for hydrogen storage systems to meet
2010 and 2015 on-board system targets. In addition, hydrogen storage systems for off-board
applications will be developed.

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 activity supports the mission of
the HFCIT Program by focusing on the development of 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/I) and gravimetric (kWh/kg or weight percent)®
storage capacities (while meeting cost targets) to be improved as indicated below.

Actuals Targets
Materials-Based 2003 2004 2005 2006 2007 2008 2009 2010
Volumetric (KWh/1) ...oovivieeece e 0.6 0.8 1.2 15
Gravimetric (KWh/KQ) ..o 0.8 1.0 1.0 15 2.0
Gravimetric (Wt percent).........ccoceeevreeeeereeneennenns 2.4 3.0 3.0 4.5 6.0

2 kWh/kg = 6 weight percent. A 6 wt. percent hydrogen storage system contains 6 kg of hydrogen in a system weighing
100 kg. 1 kg of hydrogen contains 33.3kWh, so, 6 kg contains approximately 200kWh. A 200 kwWh Hydrogen/100 kg
system = 2kWh/kg.
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Detailed Justification

(dollars in thousands)

FY 2004 FY 2005 FY 2006

STOFAQE. ... et s 13,174 23,654 29,890

Conduct research and development directed at meeting the 2010 system targets of 2.0 kWh/kg (6
weight percent), 1.5 kwh/I, and $4/kWh, and identifying scientific/technological paths to meet the
2015 system targets of 3.0 kWh/kg (9 weight percent), 2.7 kWh/I, and $2/kWh. This work is based on
the “Grand Challenge” solicitation issued in 2003 to establish a “National Hydrogen Storage
Project,” with $150 million over 5 years, subject to congressional appropriations. Although awards
from the “Grand Challenge” could not be started in 2004 due to congressionally directed projects, FY
2006 would be the second year of the effort. These awards include projects at 30 universities and 10
companies that will receive 65 percent of the funding, and projects at 10 Federal laboratories to
receive approximately 35 percent of the funding.

Conduct hydrogen storage research and development at Centers of Excellence that include teams of
university, industry and National Laboratory partners, with a focus on metal hydrides, chemical
hydrogen storage, and carbon-based materials. Full and open competition for the “Grand Challenge”
included universities, industry and National Laboratories eligible for awards. For the first time,
national laboratories competed for hydrogen storage awards through a separate category in the
solicitation. This ensured that the most viable approaches and best teams capable of solving the
critical challenge of hydrogen storage were selected. University and industry participants were
eligible to submit proposals as team members within the Centers of Excellence or as leads under a
separate category, or both. The DOE will continue to work with Congress to ensure that the storage
effort is competed to the maximum extent possible and that National Laboratories are utilized
appropriately.

Focus on chemical hydrogen storage research to reduce the cost and improve efficiencies of off-board
regeneration. Focus carbon-based materials research on reproducibility, contributing to a go/no-go
decision in the 4™ quarter of FY 2006 on continuation of carbon nanotube R&D based on
reproducibly attaining a 6 wt. percent materials-based hydrogen storage capacity. Focus metal
hydride research on designing and developing complex metal hydrides that have the potential of
meeting the 2010 system targets and offering pathways to meet the 2015 system targets.

Conduct research and development on exploratory approaches, novel materials and concepts not
covered under the Centers of Excellence. Work in this area will be continued through the 15
university and industry awards made in FY 2005 from the “Grand Challenge” solicitation. This is
consistent with the National Academies’ recommendation that “there should be a shift in the hydrogen
program away from some development areas and toward exploratory work- as has been done in the
area of hydrogen storage.” The continued shift in hydrogen storage activity will focus on innovative
chemistries and novel materials approaches in collaboration with the DOE Office of Science - through
university, National Laboratory, and industry R&D. Advanced concepts include novel carbon
nanostructures (other than nanotubes), metal-organic materials, clathrates and polymers. The shift
away from compressed tank development will continue by focusing on advanced concepts, rather than
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(dollars in thousands)

FY 2004 FY 2005

FY 2006

on technologies near commercialization.

Complete analysis of hybrid approaches that combine compressed gas storage with reversible

materials to reduce pressure requirements and increase vehicle range.

Utilize standard test protocols and an independent test capability to validate and to compare the
capacities of hydrogen storage materials under development at partner laboratories at universities,

industry and National Laboratories.

Focus analysis activities on advanced storage options with special attention to life cycle energy

efficiencies, cost and environmental impact.

In FY 2004, this activity was reduced by $353,000 for SBIR/STTR and transferred to the Science

Appropriation.

Total, STOrage .....cooveieiieie e 13,174 23,654

Explanation of Funding Changes

Storage

An increase in research and development of materials-based hydrogen storage
technologies is consistent with the National Research Council’s recommendations in
their Hydrogen Economy report. (Consistent with RDIC 2f — external peer review,
and RDIC 2b - industry input to planning.) Increased emphasis will be on exploratory
research and development with potential to meet long term targets for on-board
vehicular hydrogen storage. Focused, collaborative efforts in the three key areas of
metal hydrides, chemical hydrogen storage and carbon-based materials will be
continued through multiple university, industry and national laboratory partners within
centers of excellence. The planned increases in metal hydrides, chemical hydrogen
storage, carbon-based and high surface area sorbents, and novel materials research and
development are in support of the 2010 and 2015 technical targets planned in the DOE
Hydrogen Posture Plan and the HFCIT Program Multi-Year Research, Development
and Demonstration Plan. The majority of the increase will support competitive, merit-
reviewed, cost-shared R&D through independent projects led by industry and
universities in the area of novel materials and concepts. (Consistent with RDIC 2c -
industry cost-sharing, and RDIC 2f — competitive awards and peer review.) ............

Total Funding Change, Storage ... i

Energy Supply/Energy Efficiency and

29,890

FY 2006 vs.
FY 2005
($000)

+6,236

+6,236
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Infrastructure Validation
Funding Schedule by Activity

(dollars in thousands)

FY 2004 FY 2005 FY 2006 $ Change % Change
Infrastructure Validation ................ 5,784 9,484 14,945 +5,461 +57.6%
Total, Infrastructure Validation...... 5,784 9,484 14,945 +5,461 +57.6%

Description

Infrastructure Validation includes the validation of advanced hydrogen technologies using full-scale
demonstrations. Validation of hydrogen technology targets under real world conditions typically occurs
three years after the research demonstrates potential to achieve the targets. Hydrogen technology R&D
are then verified at commercial scale for performance against established R&D goals which include high
pressure storage tanks, production and delivery processes, and hydrogen refueling station technologies.

Benefits

Infrastructure Validation will provide the most accurate assessment of the readiness of the technology
and the risk of continued government and industry investment. In order for the automotive, utility, and
fuel industries to make commercialization decisions by 2015, integrated vehicle and infrastructure
systems need to be validated and individual component targets need to be met under real-world
operating conditions. This activity supports HFCIT’s mission by providing critical statistical data that
fuel cell vehicles can meet efficiency and durability targets, storage systems can efficiently meet 300+
mile range requirements and fuel costs are less than for existing gasoline vehicles. Infrastructure
Validation also provides information so that research in support of technical standards can be performed
and vehicle and infrastructure safety can be demonstrated.

The research will enable commercial scale validation of the projected cost of hydrogen produced in
larger quantities by non-renewables (in $/gge, untaxed) as indicated below.

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

Validate cost of hydrogen
production® ..........cceeeeveveeineninnn, 3.60 3.00

# The validation activity validates the 2006 laboratory data for estimated hydrogen production costs for non-renewables in
real world conditions. Hydrogen production cost estimates use real world data and assume high equipment manufacturing
volumes, e.g. hundreds of units/year.
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Detailed Justification

(dollars in thousands)

FY 2004 FY 2005 FY 2006

Infrastructure Validation ..............eeeeeeeeeeeeeeeeeeeieenn, 5,784 9,484 14,945

Two competitive solicitations were issued previously for 50/50 cost-share partnerships to
demonstrate: 1) hydrogen fuel cell vehicles and the correspondent refueling infrastructure with
automobile manufacturers and energy companies (Controlled Hydrogen Fleet and Infrastructure
Technology Demonstration and Validation Project); and 2) integrated renewable and fossil fuel
distributed generation systems with hydrogen storage (Power Parks) in partnership with utilities.

Five automobile manufacturers and energy company partnerships were selected in April, 2004 as part
of The Controlled Hydrogen Fleet and Infrastructure Technology Demonstration and Validation
Project. The partnerships will design and construct hydrogen refueling stations and associated
infrastructure to support “learning” demonstrations of new hydrogen production technology to
validate reaching the 2009 target of $3.00/gge (untaxed).

The initial infrastructure efforts through FY 2006 will include installing and operating stations in
Northern and Southern California, Michigan, Washington, D.C., and Florida. Hydrogen production
concepts being demonstrated will explore options that will span viable candidates for the early
transition period (i.e., 2018 to 2025) as well as later transition candidates (i.e., 2026 to 2035). The
early stations will be deployed by FY 2006 and include concepts with local distributed natural gas
reformation plants, renewable systems, and mid-size natural gas reformation plants with pipelines and
mobile refueling systems to local distributed stations. At least four stations will incorporate
renewable systems, including an option that will be part of a power park. Data relevant to key vehicle
and refueling interface issues will be produced and published on refueling times, hydrogen purity
impacts, energy efficiency of the hydrogen generation plant, plant availability, reliability, etc. to
provide a data base for system modelers.

The goal of the demonstration effort is to validate hydrogen production technology at $3.00/gallon
gasoline equivalent (untaxed) by 2009 with 68 percent natural gas-based well-to-pump efficiency.
Two distributed natural gas reformation systems will be operated through 2006 to demonstrate the
ability to produce hydrogen for $3.00/gallon gasoline equivalent (untaxed) at 5000 psi hydrogen (with
high capital equipment manufacturing volumes, e.g. hundreds of units/year). If possible these units
will be incorporated into real world operating systems that could validate their economic performance
by 2006. The Energy Station at Las VVegas, Nevada, will be operated as part the Controlled Fleet and
Infrastructure Demonstration Project. Three power park projects were awarded for the integration of
renewable energy systems into distributed electric generation systems in September, 2002 as part of
the State Energy Special Projects Program. One project will be completed in FY 2006 and the other
two will be completed in FY 2007. These three power park projects will be operated and maintained
(including the one referenced above that may incorporate renewable systems). They will demonstrate
the ability to use both distributed electric generation from natural gas and renewable energy in a
synergistic and efficient manner. Two of the power park projects will demonstrate the practicality and
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(dollars in thousands)

FY 2004 FY 2005 FY 2006

the feasibility of utilizing power from vehicles during peak or brownout periods on the grid. Issues on
grid interconnects, reliability and safety will be addressed.

In FY 2004, this activity was reduced by $29,000 for SBIR/STTR and transferred to the Science
Appropriation.

Total, Infrastructure Validation............cccccvevevviveiiininnn 5,784 9,484 14,945

Explanation of Funding Changes

FY 2006 vs.
FY 2005
($000)

Infrastructure Validation

The increased budget for Infrastructure Validation will allow industry to test,
demonstrate and validate new system solutions and use the results to refocus the
hydrogen research and development program. (Consistent with RDIC 2a — build on
or complement existing R&D, and RDIC 2b — industry involvement in planning.)
This effort was initiated through a competitive solicitation that was well-responded to
by major automobile and energy company consortia. Selections were made that
included over seven automobile manufacturers and four energy companies to
participate in 50/50 cost-share projects. (Consistent with RDIC 2b — industry
involvement in planning, and RDIC 2f — competitive awards and peer review.) Three
performance indicators were included in the solicitation: fuel cell durability and
performance under real world operating conditions, vehicle range and cost of
hydrogen production. (Consistent with RDIC 2e — which asks how well an activity
incorporates “off-ramps” and clear end-points for R&D.) At the end of FY 2006,
there is to be go/no go decision on whether to proceed with second generation
vehicles based on first generation vehicle performance and second generation
designs. (Consistent with RDIC 2e — which asks how well an activity incorporates
“off-ramps” and clear end-points for R&D.) ... +5,461

Total Funding Change, Infrastructure Validation................................. +5,461
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Safety and Codes and Standards
Funding Schedule by Activity

(dollars in thousands)

FY 2004 FY 2005 FY 2006 $ Change % Change
Safety and Codes and Standards....... 5,615 5,954 13,121 +7,167 +120.4%
Total, Safety and Codes and
Standards .........ccoeevveeriveienieenn, 5,615 5,954 13,121 +7,167 +120.4%

Description

Safety and Codes and Standards include fundamental studies to determine the flammability, explosive,
reactive, and dispersion properties of hydrogen. Components, subsystems, and systems will be
subjected to environmental conditions that could result in failure to verify design practice and failure
mode prediction analysis. Once the identification of critical failure modes and safety issues for
hydrogen and fuel cell technologies are developed, this technical data will be provided to appropriate
Standards Developing Organizations (i.e., 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. Activities also include the development of passive and active safety
systems based on new sensor technologies, comprehensive safety analysis and compilation of a
defensible database on safety.

Benefits

In order for industry to make commercialization decisions the technologies must meet safety standards.
This requires a comprehensive and defensible database on component reliability and safety to enable
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 HFCIT’s mission by
providing the critical data needed to write and adopt standards, 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 by the DOT.

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.
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2006 2007

2008 2009

2010

Characterize
large-leak releases

Provide

Data and testing
completed to

Facilitate of hydrogen and preliminary data finalize U.S.
global develop model to for draft U.S. technical
technical validate technical standards for
regulation experiments to standards for preparation of a

within 25 % of preparation of Global Technical

expected value. draft regulation. Regulation.

Detailed Justification
(dollars in thousands)
FY 2004 FY 2005 FY 2006

Safety and Codes and Standards ............cccceeveviiiiieeinnenn, 5,615 5,954 13,121

Develop data to enable standards to be established for fuel cell power plant systems that include
performance verification of efficiency and emissions. Collaborate with DOT, EPA, NIST and other
agencies to implement a comprehensive safety research, testing and evaluation program for hydrogen
fuel cell technologies that will facilitate the safe use of hydrogen, the establishment required codes
and standards, and result in a performance and certification specification for the National Highway
Traffic Safety Administration. Work with these agencies will be conducted utilizing inter-agency
agreements. Define failure mode tests in each subsystem within the vehicle and identify design
requirements to support FreedomCAR goals. Conduct a solicitation that consolidates safety, codes
and standards stakeholder support under a limited number of contract teams. Coordinate testing and
data developed for new building codes and equipment standards for hydrogen technologies. Assist
code developers by providing experimental data from hydrogen refueling demonstration sites.

Initiate construction of devices for training facility to simulate bulk storage, fuel dispensing and
distribution piping systems at the VVolpentest Hammer Training and Education Center. Revise plan for
safety tests and analysis to validate the performance of the systems for new standards and review with
the technical team. Produce training modules on hydrogen safety and design for Fire Marshals and
Building Inspectors. In collaboration with hydrogen education activities, initiate safety and code
official training by developing modules and facilities in partnership with National Laboratories, code
developers, fire marshals and other stakeholders.

Provide system safety requirements which have to be demonstrated for production, storage and
utilization program elements. Initiate the development of sensor technology to detect and measure
hydrogen leaks. Prepare draft materials compatibility guide for hydrogen systems, identify material
needs, and establish research program to develop them.

In FY 2004, this activity was reduced by $149,000 for SBIR/STTR and transferred to the Science
Appropriation.

Total, Safety and Codes and Standards..........c...ccccuenene. 5,615 5,954 13,121
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Explanation of Funding Changes

FY 2006 vs.
FY 2005
($000)

Safety and Codes and Standards

The requested increase is to accelerate development of Codes and Standards and

underlying hydrogen safety research. This is consistent with the National Research

Council’s recommendations in their Hydrogen Economy report. (Consistent with

RDIC 2f — external review.) The R&D will be developed in cooperation with the
government-industry partnership Codes and Standards Tech Team. (Consistent with

RDIC 2b - industry involvement.) R&D will also be increased in the development of

hydrogen sensors and component testing to complement existing technologies in

support of the 2010 technical targets planned in the DOE Hydrogen Posture Plan and

the HFCIT Program Multi-Year Research, Development and Demonstration Plan.

(Consistent with RDIC 2a — build on or complement existing R&D.).................. +7,167

Total Funding Change, Safety and Codes and Standards.......................... +7,167
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Education
Funding Schedule by Activity

(dollars in thousands)

FY 2004 FY 2005 FY 2006 $ Change % Change
Education 2,417 0 1,881 +1,881 NA
Total, Education .........ccccoeevvvvveeenns 2,417 0 1,881 +1,881 NA

Description

Education activities are designed to increase understanding of the benefits and challenges to achieving a
hydrogen economy, the facts about hydrogen safety, and the role that target audiences can play in the
transition to a hydrogen economy. Target audiences, identified by key government and industry
stakeholders in the National Hydrogen Energy Roadmap, include state and local governments, including
safety and code officials; potential end-users; and the public. Over the long term, education of teachers
and students will also be required.

Benefits
Education aids in overcoming institutional barriers to a hydrogen economy.

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. With an emphasis on hydrogen safety, near-term education activities
focused on key target audiences are critical to enabling not only the successful implementation of early
hydrogen demonstration projects, but also longer-term market adoption and acceptance that are required
to realize the benefits of a hydrogen economy.

State and local governments lay the foundation for long-term change and, with safety and code officials,
enable the adoption of appropriate codes and approve hydrogen project installations. Public
misunderstanding and false perceptions about the safe use of hydrogen threaten the implementation of
hydrogen demonstrations and the success of a future hydrogen economy — education is required to
overcome this significant challenge and ensure public confidence in hydrogen. In addition, education
activities focused on students and teachers will foster development of a trained workforce, including
engineers and technicians to maintain hydrogen fuel cell equipment and ensure safe use. Over the long
term, hydrogen education should also engage younger students in the study of science and technology
and ensures an informed first-generation of hydrogen technology users.
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Hydrogen Technology Education Knowledge Assessment Targets

2004 2005 2006 2007 2008 2009 2011
Students, and teachers
(state/local government two-fold four-fold
OFficials) ...ovovveeveecereeeeeiean, Survey? increase”  increase”

one-fold two-fold
ENd USErS......coovvvverereeereeeinns Survey? increase®  increase®

Detailed Justification

(dollars in thousands)

FY 2004 FY 2005 FY 2006

BAUCALION ...t 2,417 0 1,881

In FY 2004, Education was grouped with Analysis activities under the key activity entitled, “Systems
Analysis and Education.” It is now presented as a separate activity. In response to the President’s
National Energy Policy recommendation, implement the following education activities:

Work in partnership with DOE Regional Offices, state energy offices, and local partners, to offer
training to state and local government officials and potential end-users to help ensure an
understanding of hydrogen technologies, hydrogen safety issues, and opportunities for facilitating the
transition to a new energy economy. Building on efforts initiated in FY 2004, further develop and
expand networks to provide information exchange, facilitate collaboration, and seek solutions to local
hydrogen implementation barriers.

In collaboration with Safety, Codes and Standards, develop and implement training modules for safety
and code official training in partnership with National Laboratories, code developers, fire marshals,
and other stakeholders.

In cooperation with automotive and energy industry partners, conduct activities to educate the public
and key target audiences in communities where new hydrogen fueling stations will be implemented as
part of Technology Validation projects. Using public education materials developed through
competitively awarded solicitations in FY 2004, conduct training and outreach to raise awareness of
the hydrogen economy and build public familiarity and confidence with the safe use of hydrogen as an
energy carrier.

To support all Education efforts serving multiple target audiences, develop and maintain information

& Analysis is currently underway of a 2004 survey to determine the FY 2004 baseline.

® Measures of numbers of students, teachers, and end users who understand the concept of a hydrogen economy and how it
may affect them.

¢ Measures of numbers of potential end-users who understand the concept of a hydrogen economy with how it may affect
turn, as compared to a 2004 baseline.

Energy Supply/Energy Efficiency and
Renewable Energy/Hydrogen Technology/Education FY 2006 Congressional Budget

Page 84



(dollars in thousands)

FY 2004 FY 2005 FY 2006

clearinghouse services launched in FY 2004 to provide interested stakeholders, including the public,
with greater access to current and objective information about hydrogen technology.

Implement multi-year teacher professional development projects awarded through a competitive
solicitation in FY 2004. Distribute materials to a broader teacher audience, beyond those participating
in the initial pilot and trial sessions, to raise awareness and recruit interested teachers to participate in
the full-scale pilot curriculum testing as a National Field Test Center in phase three of the project the
following year.

Implement Hydrogen Technology Learning Center projects initiated through a competitive solicitation
in FY 2004. Develop and begin offering short courses to the community and key regional
stakeholders in an effort to raise awareness of the hydrogen economy.

In FY 2004, the Education activity was reduced by $64,000 for SBIR/STTR, which was transferred to
the Science Appropriation.

Total, EAUCALION ... 2,417 0 1,881
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Explanation of Funding Changes

FY 2006 vs.
FY 2005
($000)

Education

The increase in 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
appropriation was zero in FY 2005 and the requested increase is necessary to create
market awareness where no market currently exists. A major part of the effort will be
to educate key stakeholders, including collaborating with Safety, Codes and
Standards to develop and implement safety and code official training in partnership
with National Laboratories, code developers, fire marshals, and other stakeholders.
Additionally, in cooperation with automotive and energy industry partners, activities
will be conducted to educate the public and key target audiences in communities
where new hydrogen fueling stations will be implemented as part of Technology
Validation projects. Using public education materials developed through
competitively awarded solicitations in FY 2004, training and outreach will be
conducted to raise awareness of the hydrogen economy and build public familiarity
and confidence with the safe use of hydrogen as an energy carrier. (Consistent with
RDIC 1b — Market Barriers, RDIC 2b — industry involvement, and RDIC 1d —
supports federal policy. (A market solution is preferable to mandates for hydrogen
use, and markets only function well when buyers have good information.))........... +1.881

Total Funding Change, Education. ... +1.881
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Systems Analysis
Funding Schedule by Activity

(dollars in thousands)

FY 2004 FY 2005 FY 2006 $ Change % Change
Systems AnalysiS......c.ccevererernrnnnn 1,372 3,404 7,084 +3,680 +108.1%
Total, Systems Analysis ................... 1,372 3,404 7,084 +3,680 +108.1%

Description

Systems Analysis includes development of independent systems analysis and independent evaluation
functions consistent with the recommendations of the National Research Council (NRC). One of the
findings of the NRC’s 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 NRC goes on to 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. Systems
Analysis provides the analytical and technical basis for understanding the hydrogen economy and
supports informed decision-making with regard to research and development direction and
prioritization.

Benefits

Systems Analysis is one of the keys to the hydrogen program in terms of understanding and assessing
the technology needs and progress, the potential environmental impacts, and the energy-related
economic benefits of the 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.
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Detailed Justification

(dollars in thousands)

FY 2004 FY 2005 FY 2006

SyStemsS ANAIYSIS ....ccueiiiiieiie s 1,372 3,404 7,084

In FY 2004, Systems Analysis was grouped with Education activities under the key activity entitled,
“Systems Analysis and Education.” It is now presented as a separate activity.

In Systems Analysis, conduct independent analyses to minimize both the existence and the appearance
of technological or programmatic biases. Update the Integrated Baseline by continuing well-to-
wheels analyses of baseline performance of current technologies and targets to track program progress
and to help identify most critical R&D needs. Conduct environmental impact analyses for hydrogen
and fuel cell technologies being developed to determine potential environmental effects of wide scale
commercialization and to ensure regulatory compliance. Expand systems modeling of the hydrogen
supply evolution and hydrogen infrastructure transition pathways, and validate models. Complete the
Baseline Macro-System Model by integrating existing and emerging models for the hydrogen
infrastructure (production, distribution, storage, and use) and make available to the hydrogen
community. Update the Systems Analysis Plan, Technical Requirements Document, and Posture
Plan. Provide support and input for program element go/no-go decisions, e.g., carbon nanotubes for
hydrogen storage.

In FY 2004, the Systems Analysis activity was reduced by $36,000 for SBIR/STTR, which was
transferred to the Science Appropriation.

Total, Systems ANalYSiS .........cccevvereiieiieie e 1,372 3,404 7,084
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Explanation of Funding Changes

FY 2006 vs.
FY 2005
($000)

Systems Analysis

The increased funding is to evaluate a transition plan consistent with developing the
infrastructure and hydrogen resources necessary to support vehicle market
penetration and demand scenarios, which is consistent with the National Research
Council’s recommendations in their Hydrogen Economy report. Competitive
solicitations planned for FY 2005 will be implemented for model development of the
Hydrogen Economy in 2006. (Consistent with RDIC 2f — competitive selection and
external review.) Research will also be increased for the development of the Macro
Model (RDIC 2a — technically feasible R&D) in support of the 2010 technical targets
planned in the DOE Hydrogen Posture Plan and the HFCIT Program Multi-Year
Research, Development and Demonstration Plan. The majority of the increase will
support competitive, merit-reviewed, cost-shared analysis with industry (RDIC 2b, 2f
— incorporate industry and competitive merit-based review). The planned increases
are consistent with the program’s plan to establish an independent systems analysis
capability to identify the impacts of various hydrogen technology pathways, to assess
associated cost elements and drivers, to identify key cost and technological gaps, to
evaluate the significance of actual research results, and to assist in the prioritization
of research and development directions. (Consistent with RDIC 1b — market barriers
to private investment, RDIC 2a — building on existing R&D, and RDIC 2b — industry
INVOIVEMENL) ..ttt e +3,680

Total Funding Change, Systems AnalysiS. ... +3,680
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Congressionally Directed Activities
Funding Schedule by Activity

(dollars in thousands)

FY 2004 FY 2005 FY 2006 $ Change % Change
Congressionally Directed Activities.... 41,967 37,292 0 -37,292 -100.0%
Total, Congressionally Directed
ACHIVITIES...coeviire e 41,967 37,292 0 -37,292 -100.0%

Description

The content of this section reflects 23 separate Congressionally Directed activities (“earmarks”) within
Hydrogen Technology in FY 2004 and 17 earmarked projects in FY 2005. 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.

Detailed Justification

(dollars in thousands)
FY 2004 FY 2005 FY 2006

There were a total of 23 Congressionally Directed activities funded in FY 2004, and 18 were funded
in FY 2005. Most of the projects will be conducted over 2-3 years. The program does not request
further funding for these projects. The following projects were directed by Congress to be included
in this program:

Competitive Solicitation for Solid Oxide Fuel Cells ....... 2,453 4,960 0

A solicitation was issued and awards have been made to General Electric for the development of a
lab-scale solid oxide fuel cell and to Materials and Systems Research for an integrated fuel
cell/electrolysis system.

HI-Way Initiative in New York State..............cccccevvvennn. 1,962 0 0

A team consisting of GE/SUNY of Albany plans to investigate the use of engineered plastics to
reduce the cost of electrolysis systems.
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(dollars in thousands)
FY 2004 FY 2005 FY 2006

Shared Technology Transfer Program by Nicholls
State UNIVEISITY ....ocooiiieiiiecceeeesee e 981 0 0

Plans include developing a catalog of NAVSEA-Carderock hydrogen related activities,
implementation of an education outreach program and identification of hydrogen related businesses.

Fuel Cell Development for Distributed Generation
and Carbon Sequestration in Northwest Indiana............ 1,962 0 0

Plan includes the development and testing of solid oxide fuel cells and the evaluation of a natural
gas infrastructure capability for transporting hydrogen.

EVermont Hydrogen Electrolyzer Project...................... 937 0 0

This project includes the development of a hydrogen vehicle and deployment of an electrolysis
refueling station with grid connections to wind generators.

Evaluation of Solar-Powered Thermo-Chemical
Production of Hydrogen from Water .............cc.ccoovvvennn. 2,943 0 0

This project plans to evaluate and conduct laboratory research on the most promising 4-6
thermochemical cycles that are capable of splitting water utilizing solar power.

Startech Hydrogen Production Project............cc.ccocvvvnee. 491 497 0

This project plans to examine the merits of plasma driven gasification with hydrogen membrane
separation technology to process medical wastes, municipal solid waste, scrap plastic and coal. Pilot
scale equipment will be utilized.

Hawaii Hydrogen Center for Development and
Deployment of Distributed Energy Systems:
Gateway Project on Island of Hawaii.............ccccovevvvennnee. 2,982 992 0

This funds the Gateway project on the island of Hawaii, and is preparing a business case for biomass
and wind systems.

Hawaii Hydrogen Center for Development and

Deployment of Distributed Energy Systems: Power

Park on the Island of Oahu [FY 2004: $490,540

from the original EWD Appropriation Bill. FY 2005:

RIS 0 1010 PN 491 0 0

This funds the development and deployment of a power park on the island of Oahu.
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(dollars in thousands)
FY 2004 FY 2005 FY 2006

Edison Materials Technology Center to Develop
Improved Materials to Support the Hydrogen
ECONOMY ...ooiiiii e 2,943 2,976 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.

National Center for Manufacturing Science to
Develop Advanced Manufacturing Technologies for
Renewable Energy Applications..........cccoocevveiiininennne 2,943 0 0

Plans include holding workshops, solicitations and managing projects, with a focus on identifying
and developing manufacturing processes applicable to fuel cell and hydrogen technologies.

Florida Hydrogen Partnership/Initiative......................... 1,962 1,984 0

Plans include issuing two solicitations for renewable and hydrogen research projects that are yet to
be selected.

Fuel Cell Research by the University of South
FIOFIAa .o 1,962 2,976 0

The project objectives are to explore materials and concepts that may be applicable to fuel cells and
hydrogen storage.

Hydrogen Future Park at the University of Montana.... 736 0 0

Plans include development of a Hydrogen Futures website, creation of an alternative energy
curriculum and establishment of a hydrogen safety training center.

Fuel Cell Mine Loader and Prototype Locomotive......... 1,962 1,984 0

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

Renewable Hydrogen Filling Station System,
University of Nevada at Las Vegas.........ccccveerienieneennns 2,943 4,960 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.

Hydrogen Regional Infrastructure Program in
PeNNSYIVANIA ..o 2,943 1,984 0

This project plans to survey available technologies for hydrogen pipeline delivery, off-board storage,
hydrogen sensors and development of improved hydrogen delivery technology for pipelines.
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(dollars in thousands)
FY 2004 FY 2005 FY 2006

Bowling Green Fuel Cell, Univ. of Toledo ....................... 0 992 0

This project is anticipated to include fuel cell related activities affiliated with the University of
Toledo.

California Hydrogen Infrastructure ............c.ccceevevvenennee. 0 4,960 0

This project will develop several technological approaches to deploy refueling stations that will
include mobil platforms, stations at pipelines and electrolysis systems.

National Center for Energy Management and
Building Technologies...........ccoiiiiininiiieec e 0 885 0

Activities funded under this Congressionally-directed project were to address HVAC research needs
and improve the efficiency, productivity, and security of the U.S. building stock by developing and
disseminating synergistic and complementary solutions to energy management, indoor environment
quality, and security concerns in new and existing buildings.

Total, Congressionally Directed Activities....................... 41,967 37,292 0

Explanation of Funding Changes

FY 2006 vs.
FY 2005
($000)
Congressionally Directed Activities
No further funding is requested for the 18 Congressionally-Directed projects that
received funding IN FY 2005. .. .. .. i e -37,292
Total Funding Change, Congressionally Directed Activities...................... -37,292
Energy Supply/Energy Efficiency and
Renewable Energy/Hydrogen Technology/
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(dollars in thousands)
FY 2004 FY 2005 FY 2006

Expanding Clean Energy Research and Education
Program at the University of South Carolina.................. 2,158 1,984 0

The project objectives include materials development applicable to hydrogen storage and fuel cell
technologies.

Hydrogen Fuel Cell Project Washoe County, Nevada.... 1,962 992 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.

Chattanooga Fuel Cell Demonstration Project
(FY 2004 $2,485,250 included in the Omnibus
Appropriation Bill).......ccooviiiiiii s 2,485 0 0

Plans include the development and test of a 5 kw solid oxide fuel cell that can co-produce hydrogen
as a fuel and generate electricity.

Lansing Community College Alternative Energy
CRNTEL . 981 0 0

Plans include creation of an alternative energy laboratory including hydrogen and fuel cell
subsystems, professional development materials and an alternative energy curriculum.

Residential Fuel Cell Demonstration by the
Delaware County Electric Cooperative.............c.cccevennee. 294 0 0

This demonstration proposes to assess propane-fed fuel cells for off-grid and edge-of-grid residential
combined heat and power applications.

Smart Energy Management Control System................... 491 0 0

This project plans to evaluate and develop fuel cell-powered micro-grid connected neighborhoods.
An economic assessment will be made of the concept.

Hydrogen Storage and Fuel Cells, University of Las
VBOAS ..ottt ettt 0 2,976 0

This project is anticipated to include materials development for hydrogen storage and fuel cell
technologies.

Zero Emission Bus Demo Program .........cccccceeevveneeeenne 0 99 0
This project is anticipated to include activities related to a zero emissions bus demonstration.

Ohio Distributed Hydrogen Project ..........c.ccocoevvvvnnnee. 0 1,091 0
This project is anticipated to include activities in Ohio related to distributed hydrogen technologies.
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Solar Energy
Funding Profile by Subprogram?

(dollars in thousands)

FY 2004 FY 2005 FY 2005
Comparable Original FY 2005 Comparable FY 2006
Appropriation | Appropriation Adjustments Appropriation Request
Solar Energy

Photovoltaic Energy
SYSEMS...ocvviviieircie e 72,537 77,663 -1,386" 76,277 74,973
Concentrating Solar Power ... 5,331 6,000 -49° 5,951 6,000
Solar Heating and Lighting... 2,863 2,870 -24° 2,846 2,980
Total, Solar Energy ..........ccocve.... 80,731 86,533 -1,459 85,074 83,953

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. 95-619, “National Energy Conservation Policy Act" (NECPA) (1978)

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

P.L. 95-590, “Solar Photovoltaic Energy Research, Development and Demonstration Act” (1984)

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. 102-1018, “Energy Policy Act (EPACT)” (1992)

Mission

The mission of the Solar Energy Program (“Solar Program”) is to improve America’s security,
environmental quality, and economic prosperity through public/private partnerships that bring reliable
and affordable solar energy technologies to the marketplace.

Benefits

Through its research and development activities, the Solar Program develops solar energy technologies
—such as photovoltaics (PV), concentrating solar power (CSP), and solar heating and lighting systems
(SHL) — that are reliable, affordable, and environmentally sound. Transforming our Nation’s vast

4SBIR/STTR funding in the amount of $1,684,000 was transferred to the Science Appropriation in FY 2004. Estimates for
SBIR/STTR budgeted in FY 2005 and FY 2006 are $2,199,000 and $2,091,000 respectively.

> Reflects the 0.80% rescission of -$612,000 and comparability adjustment for Cross-cutting Planning, Analysis and
Evaluation of -$774,000.

¢ Reflects the 0.80% rescission of -$49,000.

¢ Reflects the 0.80% rescission of -$24,000.
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supply of free and available solar energy into a widely available, fuel-free energy resource will increase
energy security both by increasing electricity production and diversifying domestic energy supply, as
well as provide energy options in both normal market conditions and emergency situations.

The Solar Program provides additional types of non-quantifiable 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 or troughs and
towers for larger, centralized power applications. SHL systems provide hot water and solar lighting for
residential and commercial buildings.

Solar energy is particularly valuable in reducing the need for new generating and transmission capacity
because its availability matches daily and seasonal electricity peaks. Solar energy provides additional
energy security during emergencies in the form of local power and hot water availability that is not
dependent on fuel deliveries or overhead wires (subject to disruption) and which will not contribute to
local air pollution during a protracted emergency. Solar energy displaces electricity demand most
during the hottest, sunniest days of the year when demand for space cooling peaks, helping to avoid
blackouts; this also reduces Clean Air Act criteria pollutant emissions from generation plants when air
pollution levels are at their highest and non-attainment status is most at risk.

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 Program Goals

The Department’s Strategic Plan identifies four strategic goals (one each for defense, energy, science,
and environmental aspects of the mission) plus seven general goals that tie to the strategic goals. The
Solar Program supports the following goal:

Energy Strategic Goal

General Goal 4, Energy Security: Improve energy security by developing technologies that foster a
diverse supply of reliable, affordable, and environmentally sound energy by providing for reliable
delivery of energy, guarding against energy emergencies, exploring advanced technologies that make a
fundamental improvement in our mix of energy options, and improving energy efficiency.

The Solar Program has one program goal which contributes to General Goal 4 in the “goal cascade™:

Program Goal 04.03.00.00: Solar Energy. The Solar Program goal is to improve performance of solar
energy systems and reduce development, production, and installation costs to competitive levels,
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 Program Goal 04.03.00.00 (Solar Energy)

The key Solar Program contribution to the Department’s General Goal 4, Energy Security, is increased
production of electricity and diversification of energy supply. The Solar Program works to improve the

 Not reflected in the quantified benefits reported in the Expected Program Outcomes section.
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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 began in the 1970s in response to oil price shocks, the cost of electricity from solar resources
was about $2.00 per kilowatt-hour (kwWh). Technological advances over the last two decades have
significantly reduced solar electricity costs. Today, the cost of solar electricity ranges from as low as
$0.12/kWh for CSP to $0.23/kWh for certain PV applications. The long-term cost goal for electricity
from these systems is in the range of $0.035/kWh - $0.062/kWh for centralized CSP systems and
$0.06/kWh for residential PV applications, based on technology and market assessments.

Key technology pathways to the goal include (detailed annual performance progress indicators are
presented in their respective benefits sections):

= By 2010, reduce the 30-year user cost for PV electric energy to $0.14 - $0.19/kWh from $0.18 -
$0.23/kWh in 2004 (baseline to be validated in FY 2005).

= By 2010, reduce the cost of large-scale CSP power plants in the Southwest to $0.09 - $0.11/kWh
from $0.12 - $0.14/kWh in 2004.

= By 2010, reduce the cost of solar water heating in freezing climates to $0.05 - $0.06/kWh from
$0.11 - $0.12/kWh in 2004.
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Annual Performance Results and Targets

FY 2001 Results

FY 2002 Results

FY 2003 Results

FY 2004 Results

FY 2005 Targets

FY 2006 Targets

Program Goal 04.03.00.00 (Solar Energy)

Photovoltaic Energy Systems

Develop a 14-percent-efficient
stable prototype thin-film
photovoltaic cell.

Concentrating Solar Power

Solar Heating and Lighting

Reduce the manufacturing cost
of PV modules to $2.25 per
Watt (equivalent to a range of
$0.20 to $0.25 per kWh price of
electricity for an installed solar
system).

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]

Energy Supply/Energy Efficiency and Renewable Energy/

Solar Energy

Verify, with standard laboratory
measurements, U.S.-made
commercial production
crystalline silicon PV modules
with 12.5 percent conversion
efficiency.

Verify, with standard laboratory
measurements, U.S.-made
commercial production thin-film
PV modules with 10 percent
conversion efficiency. [MET]

Developed conceptual designs
of a low-cost polymer solar
water heater capable of
operation in freezing climates.

Contributed proportionately to
EERE’s corporate goal of
reducing corporate and
program uncosteds to a range of
20-25 percent by reducing
program annual uncosteds by
10 percent in 2004 relative to
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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.

Develop thin-film PV modules
with an 11.0-percent conversion
efficiency that are capable of
commercial production in the
u.s.

Achieve 5.0 cents per kilowatt-
hour modeled cost of energy
from solar water heater capable
of operating in non-freezing
climates.

Contribute proportionately to
EERE’s corporate goal of
reducing corporate and
program adjusted uncosted
obligated balances to a range of
20-25 percent by reducing
program annual adjusted

Verify, using standard
laboratory measurements, a
conversion efficiency of 14.0
percent of U.S.-made,
commercial crystalline silicon
PV modules. Production cost of
such modules is expected to be
$1.85 per Watt.

Develop thin-film PV modules
with an 11.5-percent conversion
efficiency that are capable of
commercial production in the
u.s.

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.

Achieve 4.5 cents per Kilowatt-
hour modeled cost of energy
from solar water heater capable
of operating in non-freezing
climates.

Contribute proportionately to
EERE’s corporate goal of
reducing corporate and
program adjusted uncosted
obligated balances to a range of
20-25 percent by reducing
program annual adjusted

FY 2006 Congressional Budget



FY 2001 Results FY 2002 Results FY 2003 Results FY 2004 Results FY 2005 Targets FY 2006 Targets

the program uncosted baseline uncosteds by 10 percent in 2005  uncosteds by 10 percent in 2006
(in 2003) until the target range relative to the program FY 2004  relative to the program FY 2005

is met. end of year adjusted uncosted end of year adjusted uncosted
baseline($19,342K) until the baseline until the target range is
target range is met. met.

Maintain total Program
Direction costs in relation to
total Program costs in the range
of 8% - 12% to demonstrate
efficient and effective EERE-
wide business and technical
support to mission direct
programs.
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Means and Strategies

The Solar Program will use various means and strategies to achieve its 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 these goals using the following means:

= Perform scientific research, development, deployment and demonstration activities in partnership
with industry, universities and National Laboratories.

= Increase photovoltaic module efficiency, system reliability, and manufacturing capability and
efficiency; and

= Reduce the production cost of all solar energy technology systems.
The Solar Program will achieve these goals using the following strategies:

= |nvesting in collaborative research with both National Laboratories and universities to achieve
technology breakthroughs along pathways toward “leap-frog” materials and technology
improvements;

= Leveraging Federal resources by cost-sharing the development of next generation technologies with
industry and other partners; and

= Working with States, industry, and other organizations to communicate technology advances and
opportunities effectively, reduce barriers, and accelerate market penetration of technology
applications.

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;

= labor 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

Energy Supply/Energy Efficiency and
Renewable Energy/Solar Energy FY 2006 Congressional Budget

Page 100



= 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 industrial manufacturers, National Laboratories, and universities;

= work with solar energy experts outside of the Department to:

e ensure 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 three 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.

Data Sources: Annual Energy Review (EIA); Renewable Energy Annual (EIA); Annual Energy
Outlook (EIA); Solar Electric Power: The U.S. Photovoltaic Industry Roadmap,
(2001); Photovoltaics, Energy for the New Millennium: The National Photovoltaics
Program Plan 2000-2004 (2000); Zero Energy Homes Roadmap (2002); Peer Review
of the U.S. Department of Energy’s Solar Buildings Technology Research Program
(2001); 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).

Baselines: The Solar Program’s 2004 baselines for system production cost reduction goals are as
follows: $0.18 — $0.23/kWh for PV electric energy (to be verified in FY 2005); $0.12
- $0.14/kWh for electricity from CSP technologies; $0.07/kWh equivalent for solar
water heating in non-freezing climates; $0.11 - $0.12/kWh equivalent for solar water
heating in freezing climates (see the Solar Program Multi-Year Technical Plan (rev.
2004) and the CSP Technology Transition Plan (2004)).

Frequency: Annual.

Evaluation: 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

= Critical peer review of both the program and subprogram portfolios and activities
by independent outside experts
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= Annual internal Technical Program Review of the Solar 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), R&DIC (annual internal review of performance planning and
management of R&D programs against specific criteria), PMA (the Presidents
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).

= Annual review of methods, and re-computation of potential benefits for the
Government Performance and Results Act (GPRA)

Data Storage: EIA and other organizations, such as National Laboratories (including the National
Renewable Energy Laboratory (NREL), Sandia National Laboratories (Sandia) and
Oak Ridge National Laboratory (ORNL)), 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 2006 Budget Request and has taken or will take necessary steps to
continue to improve performance.

In response to the FY 2004 PART review, 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.

One specific FY 2004 PART recommendation was to terminate the Concentrating Solar Power (CSP)
subprogram, in alignment with a recommendation from a peer review by the National Research Council
(NRC), a branch of the National Academy of Sciences (NAS).* At the Department’s request, an
independent engineering company, Sargent and Lundy (S&L), evaluated CSP technology and found that
the potential exists to lower the cost of power from CSP plants to between $0.035/kWh and $0.062/kWh
by 2020, assuming sufficient market incentives.” To verify its credibility, the Department asked the

National Research Council, “Renewable Power Pathways: A Review of the U.S. Department of Energy’s Renewable
Energy Programs” (2000).

®Sargent and Lundy, “Assessment of Parabolic Trough and Power Tower Solar Technology Cost and Performance
Forecasts” (draft version, 2002); final version: SL-5641 (May 2003).
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NRC to review the draft version of the S&L evaluation. The NRC agreed with the S&L review that
there was significant potential for cost reduction in CSP technologies and determined that “since 1999,
significant progress has been made in understanding the potential impacts of thermal storage
technologies, thin film glass mirrors, improved heat collection units, improved trough support structures,
and other technical opportunities to improve CSP technology.” During FY 2004, the Solar Program
developed a comprehensive technology transition plan for the CSP subprogram,’ including its R&D
potential and program pathways. The technology transition plan is critical for understanding how best
to use the funds appropriated for CSP in FY 2005, and informed the CSP budget request in FY 2006.

The FY 2004 PART review and score, and subsequent follow-up activities by the program last year,
provided suggestions that resulted in refined long-term and annual measures incorporated in this FY
2006 budget request. The FY 2005 PART showed Solar Program improvement in accountability and
the PART findings reflect recognition of that improvement. In the FY 2005 PART, the Solar Program
maintained its rating of “moderately effective,” the second highest rating category. 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.

In response to the lessons learned from the DOE FY 2003 performance audit by KPMG and consistent
with production cost measures developed for the FY 2005 PART, the Solar Program is transitioning its
annual performance targets from external outcomes to program outputs. Annual technical targets, such
as solar module efficiency, reflect the actual technical work conducted by the program, allow for
improved validation and verification of program performance, and minimize the potential for target
achievement disruption caused by market factors beyond the program’s control.® Cost measures are
useful indicators that show market trends and assist the program in responding to a changing
marketplace. Therefore, the Solar Program is using “hybrid” targets for its activities that emphasize
technical outputs, but maintain a strong connection to relevant costs.

The PART also recommended that the program participate in the development of a consistent
framework for the Department to analyze the costs and benefits of its R&D investments, and apply this
guidance to development of the FY 2006 budget. The program has provided input the Department needs
to improve consistency in the methods and assumptions used to estimate potential benefits. The
Department is employing the data in its effort to produce comparable estimates within its energy R&D
programs to inform budget decision. EERE is working with OMB, the other applied R & D programs,
and the PMA Budget and Performance Integration principals in the department to establish an
increasingly integrated and consistent framework to inform the budget process.

% National Academy of Sciences, “Letter Report: Critique of the Sargent and Lundy Assessment of Concentrating Solar
Power Cost and Performance Forecasts” (2002).

b Solar Energy Program, U.S. Department of Energy, “Concentrating Solar Power: Technology Transition Plan, FY 2006 —
FY 2010” (2004).

¢ 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, interest rates, currency exchange rates, inflation, foreign competition, state and local
regulations, and market participant withdrawals or entries.
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Funding by General and Program Goal

(dollars in thousands)

FY 2004 FY 2005 FY 2006

General Goal 4, Energy Security
Program Goal 04.03.00.00, Solar Energy

Photovoltaic ENergy SYStEMS .......cceeeieriiiiienine e e 71,409 66,478 74,973

Concentrating Solar POWET .........c.cccviicieiieieie e 5,331 5,951 6,000

Solar Heating and Lighting........ccccviviiveiiereneie s 2,863 2,449 2,980
Total, Program Goal 04.03.00.00, Solar ENergy .........ccccevevvvriverereennnienn. 79,603 74,878 83,953
All Other - Congressionally Directed Activities

Evaluation of Solar-Powered Thermo-Chemical Hydrogen Project,

UNLY Lottt 0 4,464 0

Photonics Research and Development, UNLV........cc.cccocevviiiivninnnnnn, 0 1,488 0

Conductive Coatings for Solar Cells .........c.cooevviiiiiiiii e 0 1,488 0

Yucca Valley ProjeCt ......coc i 245 248 0

Center for Ecological Technology........ccocvvvviviiveieiencre e, 392 0 0

Hackensack University Green Building Medical Center.................... 491 0 0

Photovoltaic Panels for Mark Twain House and Museum ................. 0 198 0

Solar Technology Center, UNLV ......cccccooviiiiiiiniececese e 0 744 0

National Center on Energy Management and Building

TECHNOIOGIES. ...eeeieeeieieie et ene s 0 1,169 0

University of Louisville Sustainable Buildings Project...................... 0 397 0
Total, AL OLNET ... 1,128 10,196 0
Total, General Goal 4 (Solar ENErgy).......ccevevvveeeieereererieneseseeseesessnnnns 80,731 85,074 83,953

Expected Program Outcomes

The Solar Program pursues its mission through integrated activities designed to increase the use of
domestic renewable resources. We expect these improvements to reduce susceptibility to energy price
fluctuations and potentially lower energy bills; reduce EPA criteria and other air pollutants; enhance
energy security by increasing the production and diversity of domestic fuel supplies; and provide greater
energy security and reliability by improving our energy infrastructure.

Of particular importance to national security, solar energy technologies can produce emergency power
without fuel. Fuel-free generation obviates the need to transport fuel during emergency situations in
which critical fuel and transportation infrastructure may be damaged or incapacitated. In addition to
these “EERE business-as-usual” benefits, realizing the Solar Program goals would provide the technical
potential to reduce conventional energy use even further. In particular, estimated benefits would be
sensitive to assumptions about the structure of future electricity prices and markets, particularly in the
areas of peak pricing and load management market opportunities. If technology targets and market
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expectations are met, Solar Program activities are expected to result in an estimated 13 gigawatts (GW)
of electric capacity additions and $1.8 billion in energy expenditure savings annually by 2025, rising to
62 GW of electric capacity additions and $2.3 billion in energy system cost savings annually by 2050.
Adding 62 GW of capacity is roughly equivalent to avoiding the construction of nearly 400 new
conventional power plants, based on the current average U.S. power plant size of 160 MW.

Estimates of annual non-renewable energy savings, energy expenditure savings, carbon emission
reductions, natural gas savings, and solar electricity capacity additions that result from the realization of
Solar Program goals are shown in the table below through 2050. Benefits are expected to grow beyond
2050 as research advances, market penetration grows, and capital stock turns over.

The estimates reported here also do not reflect additional consumer demand for solar energy because it
provides increased reliability of service, an emergency source of power, and/or an improvement in load
management capabilities. As a result, the benefits reported here likely understate the demand for solar
energy.

The assumptions and methods underlying the modeling efforts have significant impact on the estimated
benefits, and results could vary significantly if external factors, such as future energy prices, differ from
the “baseline case” assumed for this analysis. EERE’s baseline case is essentially the same as the EIA
“business-as-usual” case presented in its Annual Energy Outlook. In addition, 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 section above, could also affect the Program’s ability to achieve its goals. Also note that
the modeling long term benefits assumes that funding levels will be consistent with the President’s
commitment and assumptions in the 2006 Budget, and that funding will be applied to the core program.
If the pattern of substantial congressionally directed projects persists over several years, the GPRA
benefits estimates will need to be reduced.

The results shown in the long term benefits tables are preliminary estimates based on initial modeling of
some of the possible program production technologies; nonetheless, 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 obtain. Final documentation is estimated to be completed and posted by March 31, 2005.
Uncertainties are larger for longer term estimates. A summary of the methods, assumptions, and models
used in developing these benefit estimates that are important for understanding these results are
provided at www.eere.energy.gov/office_eere/budget_gpra.html.
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FY 2006 GPRA Benefits Estimates for Solar Energy Program?

Mid-Term Benefits” 2010 2015 2020 2025

Primary nonrenewable energy savings (Quads) ........cccccovevereiesninennas 0.01 0.05 0.12 0.30
Energy bill savings (Billion 2002%)..........cccoerviriniinienineneeeneee ns 1.1 2.7 1.8
Carbon emission reductions (MMTCE) ........ccoceoviiiiininiiicnecee 0 1 2 8
Natural gas savings (QUAAS) .......ccurerruerierererineeieie et 0.01 0.03 0.03 0.01
Program specific electric capacity additions (GW) ......c.ccceceevvvvinininnas 1 3 6 13
Long-Term Benefits® 2030 2040 2050

Primary nonrenewable energy savings (QUadS) ........ccccuveririiiiie e 0.6 1.2 1.7
Energy system cost savings (Billion 20018) ..........cccoreiinneinniienseeseeseee 1.7 25 2.3
Carbon emission reductions (MMTCE) ......cccvoviriiviieresc e 11 23 36
Natural gas Savings (QUAS) .....c.coerveiririeiie e 0.3 0.7 0.6
Program specific electric capacity additions (GW) .........cccoeviniiiienineniceeee e, 11 30 62

# Benefits reported are annual, not cumulative, for the year given. Estimates reflect the benefits that may be possible if all of
the program’s technical targets are achieved and funding continues at levels consistent with assumptions in the FY 2006
Budget.

> Mid-term program benefits were estimated utilizing the GPRA06-NEMS model, based on the Energy Information
Administration’s (EIA) National Energy Modeling System (NEMS) and utilizing the EIA’s Annual Energy Outlook (AEO)
2004 Reference Case.

¢ Long-term benefits were estimated utilizing the GPRA06 - MARKAL developed by Brookhaven National Laboratory
(BNL). Results can differ among models due to differences in their structure. In particular, the two models estimate
economic benefits in different ways, with the MARKAL model reflecting the cost of additional investments required to
achieve reductions in energy bills.
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Photovoltaic Energy Systems

Funding Schedule by Activity

(dollars in thousands)

FY 2004 FY 2005 FY 2006 $ Change % Change
Photovoltaic Energy Systems
Fundamental Research.........cccccocevcvvvvvnnnnnn. 28,224 26,878 31,373 +4.495 +16.7%
Advanced Materials and Devices.................. 28,441 24,600 28,600 +4,000 +16.3%
Technology Development.............cccccocevenene 14,744 15,000 15,000 0 0.0%
Congressionally Directed Activities ............. 1,128 9,799 0 -9,799 -100.0%
Total, Photovoltaic Energy Systems..........ccccccv.... 72,537 76,277 74,973 -1,304 1.7%

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 every need and placed almost
anywhere sunlight is available.

Benefits

The Solar Program focuses on achieving the Department’s long-term goal of making solar energy an
important part of the national energy supply portfolio through 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 their sunlight-to-electricity conversion
efficiency (performance); 2) increasing system operating lifetime and reliability; and 3) reducing the
manufacturing cost of cells, modules, and systems.

The basic building block of a PV system is a power module, which is typically one square meter in size
and produces 120 Watts of power. The power module comprises 50-70 percent of the cost of an
installed system and presents the greatest opportunity for cost savings. Current (2004) crystalline
silicon (c-Si) power modules are approximately 13 percent efficient and produce electricity at 18 to 23
cents/kWh (lifetime system user cost over 30 years), to be verified in FY 2005. To lower costs and
improve performance, the program is developing next-generation PV technologies such as “thin-film”
PV cells and “leap-frog” technologies such as polymers and nanostructures, while conducting systems
engineering efforts to increase the durability of fielded systems and developing technologies to improve
system interconnections with the electric grid.
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For FY 2006, the PV subprogram’s priorities are:

= Cell and module development efforts, i.e., advanced crystalline silicon modules, thin-film modules,
and super high-efficiency concentrator solar cells.

= Advanced module manufacturing technologies for high throughput and low-cost products.

= Systems reliability technologies, which increase the lifetime of thin-film modules and the mean
time to failure of DC-to-AC current for low-cost, grid-tied distributed PV systems.

The Photovoltaic Energy Systems subprogram contributes to the overall program goal by developing PV
technologies that are reliable and affordable. PV technologies transform our Nation’s vast supply of
free and available solar energy into a significant usable supply of electricity for use in homes,
commercial buildings, industry, government facilities, and many other applications. Diversifying our
national electricity generation fuel portfolio will increase national security by providing domestically
available energy supply options for use both in normal and emergency situations. In addition,
photovoltaic systems can either be integrated with the electricity grid or work independently, further
increasing our national energy security by decreasing reliance on our vulnerable, aging electricity grid.

In response to the lessons learned from the DOE FY 2003 performance audit by KPMG and consistent
with production cost measures developed for the FY 2005 PART, the solar PV subprogram is
transitioning its performance targets from actual manufacturer production costs (external outcomes) to
PV module efficiency measures (program outputs), based on the impacts of annual R&D progress.
Efficiency measures better reflect the actual technical work conducted by the program, allow for
improved validation, verification, and transparency, and minimize the potential for target achievement
disruption caused by market factors beyond the program’s control.? Cost measures are useful indicators,
however, that show market trends and assist the program in responding to a changing marketplace.
Therefore, the program is using a “hybrid” target for its crystalline silicon work that emphasizes
efficiency, but maintains a strong connection to manufacturer production costs. Cost targets for thin
film are not feasible because of the inability to validate cost of power from this new technology in the
market.

Increasing module efficiency is a critical component to lowered system production costs (per Watt) and
successful entry of PV systems into energy markets. Efficiency levels differ for the two main types of
PV modules. Crystalline silicon is the dominant PV technology, while thin films are a family of
promising PV technologies that have recently entered commercial production. Accordingly, the
projected efficiencies in the table below address both technologies for systems in domestic commercial
production.

& 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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U.S.-Produced PV Module Efficiency Targets

(Conversion Efficiency (%))

Historic Planned

Efficiency 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2020
Crystalline Silicon (c-Si)

TAIgEL .o 125 13.0 135 14.0 145 15.0 155 16.0 20.0

ACtUAL .o 12.5 13.0 - - - - - - -
Thin Film

TaArgel .o 10.0 10.5 11.0 11.5 12.0 125 13.0 135 18.0

ACLUAL ..o 10.0 10.5 - - - - - - -

The Solar Program uses the following PV module manufacturing cost data and projections as helpful
indicators of progress toward achieving program benefits:

Historic and Projected Solar Energy Costs

Historic Planned

2000 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

Manufacturing Cost of Crystalline Silicon PV Modules ($/Watt)
Target....cooeeererereneene 250 235 225 210 195 195 185 1.75 1.65 1.60 1.55
Actual ..o 250 235 225 210 n/a

Cost of Power from Crystalline Silicon PV Modules ($/kWh)
0.22- 0.21- 0.20- 0.19- 0.18- 0.18- 0.17- 0.16- 0.15- 0.14- 0.14-

Target......cccovviininns 0.27 0.26 0.25 0.24 0.23 0.23 0.22 0.21 0.20 0.19 0.19
0.22- 0.21- 0.20- 0.19-
Actual ... 0.27 0.26 0.25 0.24 n/a

During FY 2005, the PV subprogram conducted a review of its technical and cost targets using literature
and field reviews as well as a more detailed analysis of individual PV technology pathways and targets.
This effort is being conducted by university and National Laboratory personnel and is intended to help
identify critical technological barriers, develop risk profiles, and evaluate PV targets and goals.

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 a multi-year program
planning process. These exercises guided program budget planning, management decisions, and

2PV cost targets were adjusted for 2005 and outward due to verification processes. All technical targets remain on track but
the target verification process causes the target completion dates to slip one year due to availability of market data.
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performance goals and targets. As a result, this budget request for this subprogram redirects requested
funding from congressionally directed activities in FY 2005 to R&D that better supports the program’s
performance goals.

Detailed Justification

(dollars in thousands)

FY 2004 FY 2005 FY 2006

Fundamental ReSEaArCh ........ooooeveiieieeeeeeeeeeee e 28,224 26,878 31,373

Fundamental research is critical to continued advancement of photovoltaic technology to meet the
Solar Program’s long-term goal of making solar electricity cost-competitive with electricity from
traditional sources by 2020. There are four focus areas within Fundamental Research: Measurements
and Characterization, the University Research Project (formerly the “Basic Research and University
Project”), the High Performance Initiative, and the Collaborative Crystalline Silicon Initiative.

Under the Measurements and Characterization 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 2006, the Measurements and Characterization activity will focus its
efforts on identifying degradation mechanisms and intrinsic instabilities in thin-film materials and
devices that affect reliability.

The University Research Project investigates innovative ideas and leap-frog technologies through
university and collaborative laboratory research. This high-risk research opens the door to non-
conventional concepts that could dramatically improve cost effectiveness in the long term. Research
is also conducted on crystalline silicon (c-Si) and thin-film materials to improve performance by
better understanding material defects. Specific to thin films, research in FY 2006 will focus on
processing methods to improve large-area deposition techniques and growth mechanisms that can
achieve better uniformity, fewer defects, and faster throughput.

In support of this research, $1,590,000 from this subactivity will be used in FYY 2006 to purchase
laboratory instrumentation to equip the new Science and Technology Facility (STF) at the National
Renewable Energy Laboratory (NREL). [The remainder of the $790,000 anticipated for equipment
expenditures at the STF will be funded by the Solar Program in this and other sub-activities in FY
2007.]

The third focus area, the High Performance Initiative, supports research to substantially increase the
efficiency of two key technologies: 1) large-area, monolithically interconnected multi-junction thin
films; and 2) super high-efficiency, multi-junction concentrating cells. Both approaches have the
potential to substantially reduce the costs of photovoltaic cells. Fundamental research in FY 2006 is
aimed at making progress toward increasing the conversion efficiency of thin films from 11 percent
(2005) to 13.5 percent (2010) and multi-junction concentrating cell efficiency from 30 percent (2005)
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(dollars in thousands)

FY 2004 FY 2005 FY 2006

to 40 percent (2010).

The fourth focus area, the Collaborative Crystalline Silicon Initiative, is a new effort designed to
strengthen the position of the U.S. in international c-Si photovoltaic system markets. This initiative
will feature cost-shared collaboration with a wide array of industry members and universities to
improve U.S. c-Si technologies, which should improve the U.S. position in international markets and
contribute to a significant reduction in cost of power from c-Si photovoltaic systems. In FY 2006, the
Solar Program will develop a roadmap for this initiative and issue and complete initial solicitations.

Important to all research activities, the subprogram will conduct necessary analysis activities to help
insure performance measures and goals are attained.

In FY 2004, this activity was reduced by $770,224 for SBIR/STTR and transferred to the Science
Appropriation.

Advanced Materials and DeViCeS........ooveeeiieeeciieeneeeaeeenn, 28,441 24,600 28,600

The Advanced Materials and Devices activity has three focus areas: the Thin Film Partnership,
Advanced Manufacturing R&D, and Module Reliability.

Development of thin films is a major thrust of the program and receives strong industry support. The
Thin Film Partnership has formed strong research teams to focus R&D on promising thin-film
candidates, such as amorphous silicon, copper indium diselenide, cadmium telluride and thin-film
silicon. These research teams comprise university, industry, and laboratory researchers who work to
solve generic issues as well as industry specific problems. In FY 2006, the program will fund the
second year of three-year cost-shared contracts under the Thin Film Partnership solicitation issued in
FY 2004. In support of this research, $1,000,000 from this subactivity will be used in FY 2006 to
purchase laboratory instrumentation to equip the STF at NREL. [The remainder of the $790,000
anticipated for equipment expenditures at the STF will be funded by the Solar Program in this and
other sub-activities in FY 2007.]

In Advanced Manufacturing R&D, strong partnerships with the domestic PV industry have been
formed with the goal of reducing costs, increasing efficiency, and increasing capacity to help enhance
the industry’s competitiveness in the development and manufacture of PV modules. Many areas of
manufacturing R&D are critical to further reduce the cost of PV systems. University, industry, and
National Laboratory researchers will apply fundamental physics and chemistry principles to identify
deficiencies and develop solutions that will improve sunlight-to-electricity conversion efficiencies,
while lowering manufacturing costs. Three of the most important barriers are yield, throughput rate,
and module efficiency. Better, more reliable, and faster processes are required, and these in turn
require improvements such as more intelligent processing, in-situ diagnostics, and less expensive
methods of assembly. In FY 2006, the PV Manufacturing R&D three-year, 50-50 cost-shared
subcontracts will focus on large-scale module and component yield, durability, and reliability issues
related to crystalline silicon. Additional subcontracts will be issued to address areas of work such as

Energy Supply/Energy Efficiency and
Renewable Energy/Solar Energy/
Photovoltaic Energy Systems FY 2006 Congressional Budget

Page 111



(dollars in thousands)

FY 2004 FY 2005 FY 2006

improvement of module manufacturing processes to increase module reliability; system and system
component packaging, system integration, manufacturing and assembly; product manufacturing
flexibility; and balance-of-system quality control. The primary focus is the enhancement of module,
system component, and complete system reliability.

In Module Reliability, the new thin-film module reliability team will continue to address degradation
mechanisms and intrinsic instabilities of pre-commercial modules. Thirty-year product life is
necessary for photovoltaic modules and systems in order to reach the program’s levelized energy cost
goals.

In addition, necessary analysis and communication activities will be conducted to help ensure
performance measures and goals are attained.

In FY 2004, this activity was reduced by $259,477 for SBIR/STTR and transferred to the Science
Appropriation.

Technology Development ... 14,744 15,000 15,000

The Technology Development activity has three focus areas: Systems Engineering and Reliability;
Building Integrated PV R&D; and Outreach and Analysis.

Systems Engineering and Reliability research focuses on the critical need to improve reliability of the
entire PV system, including balance-of-system components such as DC-to-AC power inverters and
battery charge controllers. This work is led by Sandia and is implemented in close partnership with
industry and the Southeast and Southwest Regional Experiment Stations® (Funding for the Southwest
Regional Experiment Station: FY 2004 - $1.1 million; FY 2005 - $1.0 million; FY 2006 request - $1.0
million. Funding for the Southwest Regional Experiment Station: FY 2004 - $1.1 million; FY 2005 -
$1.0 million; FY 2006 request - $1.0 million). Emphasis is placed on 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. To help remove barriers, the engineering and reliability activity supports development of
codes and standards, as well as procedures for certifying performance of commercial systems.

In FY 2006, performance evaluation of thin-film systems will be conducted in the field to establish
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 will continue with the Southeast and

# FY 2006 activities at the Southeast and Southwest Regional Experiment Stations include gathering and analyzing data from
fielded PV systems to provide insight on the levelized cost of energy from PV, studying the issues that affect the durability
of photovoltaic modules, establishing procedures and processes to certify PV hardware and systems, and assessing the
performance and reliability of utility interactive inverters for small systems.
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(dollars in thousands)

FY 2004 FY 2005 FY 2006

Southwest Regional Experiment Stations to improve the reliability of distributed grid-tied systems,
especially in the buildings sector.

Building Integrated Photovoltaics (BIPV) is a promising solar application in which PV modules serve
the dual purpose of replacing conventional building materials and generating electricity. (Funding for
BIPV: FY 2004 - $500,000; FY 2005 - $100,000; FY 2006 request - $1,000,000). While traditional
applications such as remote telecommunications and rural infrastructure will continue to grow, the
solar industry has recently increased their emphasis on BIPV. By offering more than one
functionality, BIPV systems will help cross the profit threshold that holds the key to significant
growth in distributed, grid-connected electricity markets. This effort will be coordinated with the
Building Technologies Program to develop zero energy buildings. In FY 2006, the program will
continue BIPV research to more fully integrate PV into buildings.

The Million Solar Roofs initiative (MSRI) is designed to support States and local communities as they
develop a strong commitment to the sustained deployment of solar energy technologies (Funding for
Million Solar Roofs: FY 2004 - $2.6 million; FY 2005 - $2.0 million; FY 2006 request - $2.0 million).
The target of MSRI is to facilitate through partnerships the installation of solar energy systems on one
million U.S. buildings by 2010. By 2003, estimated cumulative installations totaled 180,000, the
majority of which were solar hot water installations. MSRI partners include builders, energy service
providers, utilities, non-governmental organizations, and State and local governments.

Outreach and Analysis activities are necessary for a national R&D program to remain viable in a
rapidly changing energy sector. Such activities include testing, verification, and deployment activities
for grid-connected applications and analyzing private sector commercialization options to better target
R&D pathways. In FY 2006, core technology analysis and outreach activities will continue, as well
as the systems-driven approach activity to help identify research priorities. The Solar Decathlon
promotes awareness of solar energy technologies through a high-profile university competition.

In FY 2004 this activity was reduced by $609,769 for SBIR/STTR and transferred to the Science
Appropriation.

Congressionally Directed ACtIVItIieS.........ccocevveerierieienne. 1,128 9,799 0

= Congressionally Directed Activity, Evaluation of
Solar-Powered Thermo-Chemical Project of
Hydrogen, UNLV ..ot 0 4,464 0

In FY 2005, the U.S. Congress directed funds to assist the University of Nevada — Las Vegas
with solar-powered thermo-chemical hydrogen activities.
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(dollars in thousands)

FY 2004 FY 2005 FY 2006

= Congressionally Directed Activity, Photonics
Research and Development, UNLV..................... 0 1,488 0

In FY 2005, the U.S. Congress directed funds to assist the University of Nevada — Las Vegas
with photonics research and development activities.

= Congressionally Directed Activity, Conductive

Coatings for Solar Cells ........cccooviieiiiinieece e 0 1,488 0
In FY 2005, the U.S. Congress directed funds to assist with conductive coatings for solar cells
activities.

= Congressionally Directed Activity, Yucca Valley
PrOJECT. ..o 245 248 0

In FY 2004 and FY 2005, the U.S. Congress directed funds to assist the Yucca Valley Project
(Yucca Valley, California) with solar energy activities.

= Congressionally Directed Activity, Center for
Ecological Technology........cccceevevviiiieereiieceece e 392 0 0

In FY 2004, the U.S. Congress directed funds to assist the Center for Ecological Technology
(Pittsfield, Massachusetts) with solar energy activities.

= Congressionally Directed Activity, Photovoltaic
Panels for Mark Twain House and Museum............. 0 198 0

In FY 2005, the U.S. Congress directed funds to assist the Mark Twain House and Museum
(Hartford, Connecticut) with solar energy activities.

= Congressionally Directed Activity, Hackensack
University Green Building Medical Center ............... 491 0 0

In FY 2004, the U.S. Congress directed funds to assist the Hackensack University Green
Building Medical Center (Hackensack, New Jersey) with solar energy activities.

= Congressionally Directed Activity, Solar
Technology Center, UNLV ........ccooviiiiiiiiniieneeae 0 744 0

In FY 2005, the U.S. Congress directed funds to assist the Solar Technology Center, UNLV with
solar energy activities.

= Congressionally Directed Activity, National
Center on Energy Management and Building
TeChNOIOQIES.....ceoiiiiei e 0 1,169 0

In FY 2005, activities funded under this Congressionally-directed project were to address HVAC
research needs and improve the efficiency, productivity, and security of the U.S. building stock
by developing and disseminating synergistic and complementary solutions to energy
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(dollars in thousands)

FY 2004 FY 2005 FY 2006

management, indoor environment quality, and security concerns in new and existing buildings.
Total, Congressionally Directed Activities.............c......... 1,128 9,799 0
Total, Photovoltaic Energy Systems..........ccccccevvvevvenenne. 72,537 76,277 74,973

Explanation of Funding Changes

FY 2006 vs.
FY 2005
($000)

Fundamental Research

Increase funding to the High Performance Initiative by awarding an additional
industry or university contract that shows potential and scientific merit. This
activity will support the High Performance Initiative's technical objective, to
increase PV cell and module efficiency, and its goal, to reduce the cost of energy
from PV systems to a level competitive with energy from conventional resources.
Initiate funding of the Collaborative Crystalline Silicon Initiative (CCSI), including
support of research and development in the areas of cell and module performance
and component cost reduction. The funding increase will enable significant cost-
sharing and strong industry involvement in CCSI planning functions (RDIC 2b,
industry involvement and 2c, industry cost sharing). Consistent with the program’s
multi-year technical plan, this funding increase will support long-term, high-risk
research that industry is unlikely to conduct itself due to market barriers such as
corporate unwillingness to undertake high-risk, long-term R&D due to short-term
profit pressures and the inability of the market to value externalities such as
environmental and security benefits (RDIC 1b, Market Barriers)..........cccoecevveveeiesnennnn, +4,495
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FY 2006 vs.
FY 2005
($000)

Advanced Materials and Devices

Increase funding to support the awarding of 2-4 new contracts for crystalline
silicon manufacturing processes. These 50/50 cost-shared industry contracts will
help to accelerate cost reductions in crystalline modules and systems through
technical improvements. Increase thin-film module and system reliability research
at the National Laboratories that addresses industry's needs. Outdoor lifetime
testing of pre-commercial modules provided by industry will be conducted on
fielded modules to assess their durability and identify degradation mechanisms.
This funding increase for mid-term research and development takes advantage of
significant industry cost-sharing opportunities that do not exist in other subprogram
areas. (RDIC 2c, industry cost sharing) This reliability research will contribute to
the goal of reducing the cost of energy from PV systems to a level competitive with
energy from conventional resources. This increase reflects the benefits from cost
sharing and consultation with industry to build complementary and feasible
technology unlikely to be generated independently by industry (RDIC sections 2a -
Complementary R&D and 2b - Industry INVOIVEMENL) ..........ccooviiiiiiiiiiieeeee,s +4,000

Congressionally Directed Activities

= Congressionally Directed Activity, Evaluation of Solar-Powered Thermo-
Chemical Hydrogen, UNLV

This activity does not support the program goal...........ccccoveiiiiiiiiinnee e -4,464

= Congressionally Directed Activity, Photonics Research and Development,
UNLV

This activity does not support the program goal............cccceveriieniniinineceee e -1,488
= Congressionally Directed Activity, Conductive Coatings for Solar Cells

This activity does not support the program goal............ccccooeviiiiiininniie e -1,488
= Congressionally Directed Activity, Yucca Valley Project

This activity does not support the program goal............cccooeiieiieii i -248

= Congressionally Directed Activity, Photovoltaic Panels for Mark Twain
House and Museum

This activity does not support the program goal ...........ccccooeviiiiiiniener e -198
= Congressionally Directed Activity, Solar Technology Center, UNLV
This activity does not support the program goal............ccccoeevieiieii i -744
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FY 2006 vs.

FY 2005
($000)

= Congressionally Directed Activity, National Center on Energy

Management and Building Technologies

This activity does not support the program goal............ccoceveriiininiiiineceeee -1,169
Total, Congressionally Directed ACHVITIES..........cceiieierieiiee e -9,799
Total Funding Change, Photovoltaic Energy SyStems...........cccevvveveiieieenieseese e -1,304
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Concentrating Solar Power
Funding Schedule by Activity

(dollars in thousands)
FY 2004 FY 2005 FY 2006 $ Change | % Change

Concentrating Solar POWEr ..........ccccveveiereniennnnnns 5,331 5,951 6,000 +49 +0.8%
Total, Concentrating Solar Power ...........c.ccoceevnee. 5,331 5,951 6,000 +49 +0.8%
Description

Concentrating solar power (CSP) systems utilize the heat generated by concentrating and absorbing the
sun’s energy to drive a heat engine/generator to produce electric power. The concentrated sunlight
produces temperatures ranging from 600°F to over 1500°F which is used to run heat engines or steam
turbines for generating power or producing clean fuels such as hydrogen.

There are currently three types of solar thermal systems — parabolic trough, power tower and dish-
engine systems — that are capable of producing power using the sun’s heat. Trough systems use linear
parabolic concentrators to focus sunlight along the focal lines of the collectors. In a power tower
system, a field of two-axis tracking mirrors, called heliostats, reflects sunlight onto a receiver that is
mounted on top of a centrally-located tower. Dish-engine systems comprise a parabolic dish
concentrator, a thermal receiver, and a heat engine/generator located at the focus of the dish to generate
power.

Trough and tower 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 best suited for distributed mini-grid applications ranging in size from 2 - 25 kW, but can also be
configured to work off-grid for remote power applications.

Benefits

The CSP subprogram contributes to the overall program goal by developing energy supply technologies
that are reliable, affordable, and environmentally sound. Expanding our national electricity generation
fuel portfolio will increase energy security by diversifying our domestic energy supply options for use
both in normal and emergency situations.

As noted in the FY 2005 PART submission, the CSP subprogram is following recommendations from
several merit review panels and an independent engineering study, which established benchmark
technology costs and achievable long-term cost goals and detailed the highest priority R&D activities to
achieve those goals. During FY 2005, the CSP subprogram is developing an integrated system
efficiency model to track technical progress across several R&D areas that contribute to increasing
overall CSP system efficiency and decreasing the cost of energy from CSP. The model will be peer
reviewed in FY 2005. By FY 2006, the model is expected to help generate targets for use in current and
subsequent years.
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Similar to the other solar subprograms, the CSP subprogram is moving from measuring outcomes to
outputs in its metrics. The new CSP model focuses on system efficiency to better reflect the actual
technical work conducted by the program, allow for improved verification and validation of results, and
minimize the potential for target achievement disruption caused by market factors beyond the program’s
control.? System efficiency measures, as developed, will have a direct correlation to the cost of
electricity from CSP. In addition, the 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 “hybrid” target for its work that emphasizes technical
accomplishments, but maintains a strong connection to modeled, or projected, cost of energy from CSP.

The Solar Program uses the below historical cost data and projections as indicators of progress toward
achieving program benefits. Outyear projections beyond FY 2006 assume a level of funding
commensurate with the CSP Technology Transition Plan.

Historic and Projected CSP Solar Energy Costs”

($/kWh)
Levelized Electricity
Cost from CSP 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012
0.12- 0.12- 0.12- 0.12- 0.11- 0.11- 0.10- 0.09- 0.08- 0.07-
Target oo, 0.14 0.14 0.14 0.14 0.13 0.13 0.12 0.11 0.10 0.09
0.12- 0.12-
Actual .....ccoooviiiiiiee 0.14 0.14

& 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.

Y In this table, years indicate the years in which field verification of modeled cost occurs.
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Detailed Justification

(dollars in thousands)

FY 2004 FY 2005 FY 2006

Concentrating Solar POWET ............ocovveeeeeeeeeeeeesrerseeeeenns 5,331 5,951 6,000

As described earlier in the PART section, one specific FY 2004 PART recommendation was to
terminate the CSP subprogram, in alignment with a recommendation from a peer review by the
National Research Council (NRC), a branch of the National Academy of Sciences (NAS).* At the
Department’s request, an independent engineering company, Sargent and Lundy, evaluated CSP
technology and found that the potential exists to lower the cost of power from CSP plants to between
$0.035/kWh and $0.062/kWh by 2020, assuming sufficient market incentives.” To verify its
credibility, the Department asked the NRC to review the draft version of the evaluation. The NRC
agreed with the Sargent and Lundy review that there was potential for cost reduction and determined
that “since 1999, significant progress has been made in understanding the potential impacts of thermal
storage technologies, thin film glass mirrors, improved heat collection units, improved trough support
structures, and other technical opportunities to improve CSP technology.™

In FY 2006, parabolic trough technology activities will be expanded on the development of next-
generation concentrators and receivers. Development of advanced thermal energy storage
technologies will continue and new collector and storage technologies being deployed in commercial
projects will be evaluated. Field validation will be conducted on new collector technologies being
deployed in trough projects in Arizona and Nevada.

For distributed applications, research in FY 2006 will focus on improving the reliability of dish
systems through the operation and testing of multiple units at Sandia National Laboratory test
facilities.

Applied research at the National Laboratories on advanced receiver and concentrator concepts will be
combined with a competitive solicitation to initiate the development of these parabolic trough
components. In order to increase the net efficiency of trough systems, their operating temperatures
must be increased. Organic salts offer the potential for high-temperature operation (500° C vs. 390°
C today) with the benefit of being liquid at ambient temperatures. The research challenge in FY 2006
will be to formulate an inexpensive organic salt that allows for high-temperature operation.

% National Research Council, “Renewable Power Pathways: A Review of the U.S. Department of Energy's Renewable
Energy Programs,” National Academy Press, 2000.

b 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.

¢ G. Kulcinski, et al., “Critique of the Sargent & Lundy Assessment of Cost and Performance Forecasts for Concentrating
Solar Power,” National Academy of Sciences, National Research Council Board on Energy and Environmental Systems,
November 2002.
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(dollars in thousands)

FY 2004 FY 2005 FY 2006

Analytical support will be provided to the Western Governors’ Association (WGA) to assist CSP
deployment activities already underway in California, New Mexico, Arizona, and Nevada. Funding
levels for the WGA depend on the relevant analyses requested by member States. (Funding for WGA:
FY 2004 - $200,000; FY 2005 - $150,000; FY 2006 request - $200,000).

Total, Concentrating Solar POWET .............cooovvveverereneenne. 5,331 5,951 6,000

Explanation of Funding Changes

FY 2006 vs.
FY 2005
($000)
Concentrating Solar Power
NO SIGNITICANT CNANGE ... +49
Total Funding Change, Concentrating Solar POWET ... +49
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Solar Heating and Lighting
Funding Schedule by Activity

(dollars in thousands)
FY 2004 FY 2005 FY 2006 $ Change % Change

Solar Heating and Lighting
Solar Heating and Lighting ............. 2,863 2,449 2,980 +531 +21.7%

Congressionally Directed
Activity, University of Louisville

Sustainable Buildings Project........... 0 397 0 -397 -100.0%
Total, Solar Heating and Lighting........ 2,863 2,846 2,980 +134 +4.7%
Description

The Solar Heating and Lighting (SHL) subprogram develops solar technologies that provide hot water
and hybrid solar lighting for residential and/or commercial buildings in collaboration with industry
partners.

Benefits

The glass-and-copper configuration of current solar water heaters makes them costly to manufacture,
difficult to install and maintain, and inflexible in their applications. The SHL subprogram develops new
formulations of lightweight polymer materials to modernize solar water heaters, which simplify
installation and decrease the heating cost. The initial emphasis on systems designed for non-freezing
climates is expected to help select polymeric materials able to withstand twenty years of use also in
freezing climates. SHL also provides technical support to the building industry and manufacturers in
designing solar water heaters. In addition, SHL develops a hybrid solar lighting systems that displace
electric lighting and could increase the productivity and/or performance of workers and students by
bringing sunlight into interior rooms of office buildings, industrial and government facilities, hospitals,
and schools.

The SHL subprogram contributes to the overall Solar Program goal by developing energy supply
technologies that are reliable and affordable. 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.

In an effort to move from measuring outcomes to outputs, along with the rest of the Solar Program, the
SHL subprogram in FY 2005 is working to develop a technical output metric for water heaters with a
direct correlation to cost outcomes. Such a metric will allow for improved validation and verification
and minimize the potential for target achievement disruption caused by market factors beyond the
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program’s control.? In the meantime, SHL will continue to measure its progress using modeled cost
targets.

The table below shows presents historic energy cost figures as well as future estimates, which predict
that the cost of energy from solar water heating in non-freezing climates is expected to decrease from an
equivalent of $0.07/kWh in 2004 to $0.045/kWh in 2006, a drop that is expected to expand the market
for solar water heaters. The cost of energy trend from technical improvements to solar water heaters
will be discussed in greater detail in the upcoming revision to the Solar Program Multi-Year Technical
Plan (2005).

Historic and Expected Cost of Energy from Solar Water Heaters

($/kWh equivalent)

2000 2003 2004 2005 2006 2007 2008 2009 2010

Non-Freezing Climates
Target.....cocoveeeeeenennn. 0.07 0.08 0.07 0.05 0.045° - - - -

Actual ... 0.08 0.08 0.07

_ _ e _ _ _ 0.09- 0.07- 0.05-
Target......ccooeevervninnenn 0.10 0.08 0.06
_ B 0.11-
Actual ..., 0.12

Detailed Justification

(dollars in thousands)
FY 2004 FY 2005 FY 2006

Solar Heating and Lighting.........cccooevviiiiinienienicieseee 2,863 2,449 2,980

During FY 2006, prototype non-freezing water heaters units being field tested will undergo evaluation
and any final design changes implemented. By the end of FY 2006, SHL should be able to close out
Federal involvement in non-freezing solar water heater development, including the appropriate
transfer of intellectual property rights and completion of contractual obligations. At that time, SHL
will shift all its solar water heater R&D efforts to freezing-climate technologies.

In FY 2004, the SHL subprogram began conducting research and development (R&D) of low-cost,

& 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.

® Conclude research on solar water heaters suitable for non-freezing climates.

¢ Begin research on solar water heaters suitable for freezing climates. No cost targets are set for FY 2004 and FY 2005
because funds previously designated for issuance of freezing climate water heater solicitations in FY 2005 have been
redirected to fund a congressional earmark.
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(dollars in thousands)

FY 2004 FY 2005 FY 2006

polymer-based solar water heating systems suited for freezing climates. During FY 2005, the Solar
Program is refining the conceptual design developed in FY 2004. A freezing-climate water heater
solicitation originally planned for FYY 2005 was postponed because of a lack of funds created by the
University of Louisville Sustainable Buildings Project earmark. In FY 2006, the solicitation will be
released and proposals selected. The winning teams will develop prototype freezing-climate systems.

In the area of solar lighting systems, the subprogram is currently developing the second generation of
Hybrid Solar Lighting (HSL) systems in conjunction with Oak Ridge National Laboratory. The HSL
system concentrates sunlight, through a dish and tracking system, onto optical fibers that transfer
sunlight into interior rooms, displacing artificial lights and improving lighting quality. Data from an
HSL system installed at a commercial site during FY 2005 will be evaluated in FY 2006 and
appropriate system modifications will be made. Completion of the commercial installation(s) by the
end of FY 2006 will enable a decision on future Federal involvement in hybrid solar lighting systems.

In FY 2004, this subprogram was reduced by $44,530 for SBIR/STTR and transferred to the
Science Appropriation.

Congressionally Directed Activity, University of
Louisville Sustainable Buildings Project............c.c.coou.... 0 397 0

In FY 2005, the U.S. Congress directed funds to assist the University of Louisville (Louisville,
Kentucky) with solar energy activities.

Total, Solar Heating and Lighting...........ccccovevvviveivcenee. 2,863 2,846 2,980
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Explanation of Funding Changes

FY 2006 vs.
FY 2005
($000)

Solar Heating and Lighting

The increased funding will fund industry teams with winning proposals from a

freezing-climate water heater solicitation to be issued in FY 2006. The teams will

complete the first phase of an effort to develop a low-cost solar water heater suitable

for freezing climates: developing conceptual designs. The next phase will include

the development of prototype systems. These systems will lead to products that will

reduce emissions, increase domestic energy supply, reduce energy consumption, and

reduce peak demand for electricity from the centralized grid. All of these results are

identified as high priority items by the President as detailed in the National Energy

Policy (RDIC 1a, Presidential Priority).......cccociieiiiiiiieie i +531
Congressionally Directed Activity, University of Louisville Sustainable

Buildings Project

This activity does not support the program goal.............cccovrirnieiineneneee e -397
Total Funding Change, Solar Heating and Lighting ........ccccccocvviievinieniinie e, +134
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Wind Energy

Funding Profile by Subprogram?

(dollars in thousands)

FY 2004 FY 2005 FY 2005
Comparable Original FY 2005 Comparable FY 2006
Appropriation Appropriation Adjustments | Appropriation Request
Wind Energy
Technology Viability........... 28,150 26,813 -212° 26,601 32,600
Technology Application...... 10,227 10,188 -544° 9,644 11,649
Congressionally
Directed Activities............... 1,426 4,599 -40° 4,559 0
Total, Wind Energy ................ 39,803 41,600 -796 40,804 44,249

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. 102-1018, “Energy Policy Act (EPACT)” (1992)

Mission

The mission of the Wind Energy Program is to lead the Nation’s research and development efforts to
improve wind energy technology through public/private partnerships that 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 through more diverse, clean, reliable, affordable and
secure domestic supply.

Benefits

The Wind Program’s mission and activities contribute directly to EERE’s and DOE’s mission of
improving national, energy and economic security and address the President’s National Energy Policy
call for increasing the diversity of our Nation’s energy resources. The Wind Program has successfully
graduated its high speed wind effort, meeting its cost of energy goal of 3 cents/kWh in Class 6 winds in
2004. Since 2002, the program has focused most of its efforts on low wind speed technologies, and
through its public/private partnerships, has improved the cost of energy for large systems in Class 4
onshore winds from 5.5 cents in 2002 to 4.4 cents in 2004, based on modeling of a composite turbine
that includes improved and new technology. Based on recent emergence of U.S. offshore wind power
development prospects and assessment of potential National benefits, the program is also supporting
R&D for reducing the cost of offshore systems. Achieving the Wind Program’s mission will enhance

8 SBIR/STTR funding in the amount of $924,000 was transferred to the Science Appropriation in FY 2004. Estimates for
SBIR/STTR budgeted in FY 2005 and FY 2006 are $622,000 and $737,000 respectively.

® Reflects the 0.80% rescission of -$212,000.

¢ Reflects the 0.80% rescission of -$77,000 and comparability adjustment for Cross-cutting Planning, Analysis and
Evaluation of -$467,000.

¢ Reflects the 0.80% rescission of -$40,000.
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the competitiveness of wind energy in conventional electricity markets, growing the domestic energy
supply resource, yielding environmental benefits by avoiding pollutant emissions and benefiting the
Nation’s infrastructure posture by reducing economic effects of fuel price or supply disruptions and
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 Program Goals

The Department’s Strategic Plan identifies four strategic goals (one each for defense, energy, science,
and environmental aspects of the mission) plus seven general goals that tie to the strategic goals. The
Wind Program supports the following goal:

Energy Strategic Goal

General Goal 4, Energy Security: Improve energy security by developing technologies that foster a
diverse supply of reliable, affordable and environmentally sound energy by providing for reliable
delivery of energy, guarding against energy emergencies, exploring advanced technologies that make a
fundamental improvement in our mix of energy options, and improving energy efficiency.

The Wind Program has one program goal which contributes to General Goal 4 in the “goal cascade”:

Program Goal 04.05.00.00: Wind Energy. By 2012, complete program technology research and
development, collaborative efforts, and provide the technical support and outreach needed to overcome
barriers — energy cost, energy market rules and infrastructure, and energy sector acceptance —to enable
wind energy to compete with conventional fuels throughout the Nation in serving and meeting the
Nation’s energy needs.

Contribution to Program Goal 04.05.00.00 (Wind Energy)

The Wind Energy Programs’ key contribution to General Goal 4, Energy Security, is through supply
growth and diversification. The Wind Program focuses on developing new, cost-effective technologies
through research and development with competitively selected public/private partnerships and by
facilitating the installation of wind systems by providing supporting research in power systems
integration, technology acceptance and other analytical and engineering support. Key technology
pathways that contribute to achievement of these benefits include (annual performance indicators are
provided in the individual technology benefits narrative):

= Low Wind Speed Technology (LWST): By 2012, reduce the cost of electricity from large wind
systems in Class 4 winds to 3 cents/kWh for onshore systems (from a baseline of 5.5 cents/lkWh in
2002) and 5 cents/kWh for offshore systems (from a baseline of 9 cents in FY 2005).

= Distributed Wind Technology (DWT): By 2007, reduce the cost of electricity from distributed wind
systems to 10-15 cents/kWh in Class 3 wind resources, from a baseline of 17-22 cents/kWh in 2002.
[Note: arange of cost performance targets are most appropriate for distributed wind systems, which
require an approach based on relative improvement within scale, application, and market segments.
The 10 cent/kWh target corresponds to a 50-100 kW turbine that is typical for large farms, small to
mid-size commercial and/or remote village applications. The 15 cent/kWh target corresponds to a 3-
10 KW turbine for residential applications.]

= Technology Acceptance: By 2010, facilitate the installation of at least 100 MW of wind in at least
30 States from a baseline of 8 States in 2002.

Energy Supply/Energy Efficiency and
Renewable Energy/Wind Energy FY 2006 Congressional Budget

Page 128



Annual Performance Results and Targets

FY 2001 Results ‘ FY 2002 Results FY 2003 Results FY 2004 Results FY 2005 Targets FY 2006 Targets
Program Goal 04.05.00.00 (Wind Energy)
Technology Viability
Advance wind hybrid control Complete low wind speed Complete testing of prototypes Low Wind Speed Technology Low Wind Speed Technology

system technology developed
jointly with USDA Agricultural
Research Center became
commercially available.

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]

Energy Supply/Energy Efficiency and Renewable Energy/

Wind Energy

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]

Contribute proportionately to
EERE’s corporate goal of
reducing corporate and
program uncosteds to a range
of 20-25 percent by reducing
program annual uncosteds by
10 percent in 2004 relative to
the program uncosted baseline
(in 2003) until the target range
is met.
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(LWST): Complete fabrication
and begin 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.

Distributed Wind Technology
(DWT): 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.

Technology Acceptance: 32
States with over 20 MW
installed; 16 States with over
100 MW installed.

Contribute proportionately to
EERE’s corporate goal of
reducing corporate and
program adjusted uncosted
obligated balances to a range
of 20-25 percent by reducing
program annual adjusted
uncosteds by 10 percent in 2005
relative to the program FY
2004 end of year adjusted
uncosted baseline ($18,371K)
until the target range is met.

(LWST): Complete designs for
first components developed
under the second round of
LWST, and complete testing of
the first commercial prototype
from the Phase | LWST.

Annual LWST COE Target:

4.0 cents per kWh in onshore
Class 4 winds, and 8.7 cents per
kWh for offshore systems.

Distributed Wind
Technology (DWT):
Award grants/cooperative
agreements for second
round of DWT
solicitations; and
complete all of the grants
for DWT round one
conceptual design work.

DWT COE Target: 11-16
cents per kWh in Class 3
winds.

Technology Acceptance: 19
States with over 100 MW wind
installed.

Contribute proportionately to
EERE’s corporate goal of
reducing corporate and
program adjusted uncosteds to
a range of 20-25 percent by
reducing program annual
uncosteds by 10 percent in 2006
relative to the program
uncosted baseline (2005) until
the target range is met.
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FY 2001 Results FY 2002 Results FY 2003 Results FY 2004 Results FY 2005 Targets FY 2006 Targets

Maintain total Program
Direction costs in relation to
total Program costs in the
range of 8% - 12% to
demonstrate efficient and
effective EERE-wide business
and technical support to
mission direct programs.
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Means and Strategies

The Wind Program will use various means and strategies to achieve its 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 Program will implement the following means:

Supporting public/private partnerships for multiple large wind system technology pathways (> 100
kilowatts) to achieve the goal of 3 cents/kWh for onshore systems and 5 cents/kWh for offshore
systems in Class 4 winds by 2012.

Under the Distributed Wind Technology (DWT) activity, the program supports cost-shared
public/private R&D partnerships for developing cost effective Small Wind Turbine Systems for
Class 3 wind speed areas.

Use of Systems Integration to enhance the compatibility of wind energy technologies with the
electric power system, and to develop information to assure fair treatment of wind energy by power
system operators, transmission owners and regulators and to mitigate barriers.

The Wind Program will implement the following strategies:

The Program’s current R&D focus is on the development of wind turbines that can operate
economically in lower wind resource areas, which would significantly expand opportunities for wind
energy use in the United States. Cost effective turbine technology for areas of the country with
Class 4% wind resources would increase the total amount of economically viable wind energy
resource in the Nation by a factor of twenty, and reduce the average distance to load centers by a
factor of five.

In FY 2005, the program began including offshore system technology development in its Low Wind
Speed Technology (LWST) activities. Offshore wind technology could enable harnessing abundant
wind resources near major hard-to-serve load centers, such as in the Northeastern and Mid-Atlantic

U.S.

The Department also supports development of Small Wind Turbines (100 kilowatts or less) that can
serve a range of high-valued, distributed power applications. These applications include
supplemental on-site power generation for grid-connected suburban and rural residences, farms, and
businesses; stand-alone power supply in conjunction with hybrid system technologies to serve
remote or island energy needs; and dedicated power for applications such as water pumping and ice

 The following table defines wind classes and their relative significance to energy production potential.

(Wind Class)
6 5 4 3

Wind speed (annual average wind speed in miles per hour

at 33 feet above the ground) ........ccoceeevervienennienerce e 15 14 13 12

Relative Energy Content at Different Wind Classes

(PEICENTE). ..ttt 100 81 66 49
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making. Substantial markets for residential and small business applications in the United States are
expected to open with emerging state incentive programs, reduced institutional barriers, and
improved technology, as detailed in the U.S. Small Wind Turbine Industry’s Roadmap.

The Program expects that these strategies will result in significant cost savings and a significant
reduction in the cost of wind technology, improving energy security by increasing the generation of
reliable, affordable and environmentally sound wind energy, adding to the diversity of the Nation’s
energy supply and reducing the demand for natural gas.

The following external factors could affect Wind Energy’s ability to achieve its strategic goal:
= the availability of conventional energy supplies;

= the cost of competing technologies;

= state and international efforts to support wind energy;

= Federal, state and regional regulatory actions affecting offshore wind installations;

= continuation of Federal tax incentives; and

= 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;

= systems integration with the electric transmission and distribution system industry on policy and
R&D issues;

= improvements in the capability of the Distributed Energy Resources Program (within DOE) and
industry to develop distributed wind and other energy sources;

= industry and R&D directions for the production of hydrogen for energy use;
= cooperative research and development with the International Energy Agency (IEA); and

= peer review of the Wind Program’s overall strategies and its activities by academia, manufacturers
and National Laboratories and with independent experts.

8 The U.S. Small Wind Turbine Industry Roadmap: A 20-year Industry Plan for Small Wind Turbine Technology. American
Wind Energy Association Small Wind Turbine Committee, June 2002.
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Validation and Verification

To validate and verify program performance, the Wind Program will conduct internal and external
reviews and audits. The table below summarizes validation and verification activities.

Data Sources: "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 and FY 2004
Wind Program Peer Reviews. American Wind Energy Association (AWEA)/Global
Energy Concepts Wind Plant Database, reviewed by EIA, contain proprietary data.
Various published and confidential data on wind projects economics. AWEA Small
Wind Turbine Industry Roadmap.

Baselines: Low Wind Speed Technology: 5.5 cents/lkWh in FY 2002 for onshore applications,
and 9 cents/kWh in FY 2005 for offshore applications; Distributed Wind Technology:
17-22 cents/kWh in FY 2002; and Technology Application: 8 States with at least 100
MW installed wind in FY 2002.

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), R&DIC (annual internal review of performance planning and
management of R&D programs against specific criteria), PMA (the Presidents
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).

= Annual review of methods, and recomputation of potential benefits for the
Government Performance and Results Act (GPRA)
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Verification: Activities and accomplishments will be verified by monthly reports from
contractor/National Laboratories, including NREL, and from lead program field
elements. Determining the cost of energy (COE) for LWST and DWT 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. Determining the number of States with over 100 MW of wind for the
Technology Acceptance goal will come from U.S. capacity statistics regularly
collected by the National Energy Renewable 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 differently than through traditional reviews. The Wind Program has incorporated
feedback from OMB into the FY 2006 Budget Request and has taken or will take the necessary steps to
continue to improve performance.

The FY 2004 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 FY 2006 Wind 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 section Contribution to Program Goals), covering about 85 percent of its budget request. The Wind
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 Program'’s significantly improved FY 2005 score in the
results/accountability area, resulting in a modest overall score improvement, and a “moderately
effective” rating, the second highest rating possible.

The FY 2005 PART found that the program has a clear purpose, strong planning and management. The
PART acknowledged the role of the program in commercial success of high wind speed technologies
and transition to greater focus on low wind speed technologies, reflected in the budget priorities.

The PART also recommended that the program participate in the development of a consistent
framework for the Department to analyze the costs and benefits of its R&D investments, and apply this
guidance to development of the FY 2006 budget. The program has provided input the Department needs
to improve consistency in the methods and assumptions used to estimate potential benefits. The
Department is employing the data in its effort to produce comparable estimates within its energy R&D
programs to inform budget decision. EERE is working with OMB, the other applied R & D programs,
and the PMA Budget and Performance Integration principals in the department to establish an
increasingly integrated and consistent framework to inform the budget process.
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Funding by General and Program Goal

(dollars in thousands)

FY 2004 FY 2005 FY 2006

General Goal 4, Energy Security
Program Goal 04.05.00.00, Wind Energy

Technology Viability ........cooiviiiiiiicee e 28,150 26,601 32,600

Technology APPLICALION ......ccevv i 10,227 9,644 11,649
Total, Program Goal 04.05.00.00, Wind ENErgy ........cccocevevrvrivnerivneeriereennns 38,377 36,245 44,249
All Other

Congressionally Directed Activity, Wind Energy Transmission Study

(OMNIDUS Bill) .. 497 0 0

Congressionally Directed Activity, Vermont Department of Public

SBIVICE ..ttt ettt bbbttt e bbb ne s 491 0 0

Congressionally Directed Activity, St. Francis, Pennsylvania Wind

Farm Feasibility StUY.........ccooiiiiiiiceccce e 144 521 0

Congressionally Directed Activity, Saginaw, Michigan Chippewa

WING PIOJECE.....ooiiii et ene 294 0 0

Congressionally Directed Activity, North Dakota Wind Pilot Project ..... 0 496 0

Congressionally Directed Activity, Great Plains Wind Energy

Transmission Development Project.........ccocvvvvvieieeieeieerene e 0 496 0

Congressionally Directed Activity, Alaska Wind Energy Project............ 0 1,488 0

Congressionally Directed Activity, Renewable Energy for Rural

Economic Development Program, Utah State University ............cc.cee..... 0 496 0

Congressionally Directed Activity, lowa Lakes Community College

Wind TUrbiNg PrOJECT .....c.voiiiiiiie e e 0 496 0

Congressionally Directed Activity, National Center for Energy

Management and Building Technologies ...........ccoovvivivveieienic i, 0 566 0
Total, AL OLNET ..o 1,426 4,559 0
Total, General Goal 4 (Wind ENErgy) ......cccovviveveieieieie e 39,803 40,804 44,249

Expected Program Outcomes

The Wind Program pursues its mission through integrated activities designed to increase the use of
domestic renewable resources. We expect these improvements to reduce susceptibility to energy price
fluctuations and potentially lower energy bills; reduce EPA criteria and other pollutants; enhance energy
security by increasing the production and diversity of domestic energy supplies; and provide greater
energy security and reliability by improving our energy infrastructure. In addition to these “EERE
business-as-usual” benefits, realizing the Wind Program goals would provide the technical potential to
reduce conventional energy use even further if warranted by future energy needs.

Estimates of non-renewable annual energy savings, energy expenditure savings, carbon emission
reductions, natural gas savings, and wind electricity capacity additions that result from the realization of
Wind Program goals are shown in the tables below through 2050.
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The assumptions and methods underlying the modeling efforts have significant impact on the estimated
benefits, and results could vary significantly if external factors, such as future energy prices, differ from
the “baseline case” assumed for this analysis. EERE’s baseline case is essentially the same as the EIA
“business-as-usual” case presented in its Annual Energy Outlook. In addition, 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 section above, could also affect the Program’s ability to achieve its goals. Also note that
the modeling long term benefits assumes that funding levels will be consistent with the President’s
commitment and assumptions in the 2006 Budget, and that funding will be applied to the core program.
If the pattern of substantial congressionally directed projects persists over several years, the GPRA
benefits estimates will need to be reduced.

The results shown in the long term benefits tables are preliminary estimates based on initial modeling of
some of the possible program production technologies; nonetheless, they provide a useful picture of the
potential change in national benefits over time if the technology, infrastructure and markets evolve as
expected. Final documentation is estimated to be completed and posted by March 31, 2005.
Uncertainties are larger for longer term estimates. A summary of the methods, assumptions, and models
used in developing these benefit estimates that are important for understanding these results are provided
at www.eere.energy.gov/office_eere/budget_gpra.html.

FY 2006 GPRA Benefits Estimates for Wind Program?®

Mid-Term Benefits® 2010 2015 2020 2025
Primary nonrenewable energy savings (QUads) ........cccocereivrereienerniens 0.04 0.84 2.29 3.32
Energy bill savings (Billion 20028)...........cccovreiinnniennieiennee e ns 5 7 4
Carbon emission reductions (MMTCE) .......cccocvininininnene e 1 18 52 81
Natural gas savings (QUAAS) .......cccueruireriiirenieieieese e 0.01 0.24 0.52 0.39
Program specific electric capacity additions (GW) ........cccoceiivivnnnnnnns 3 30 70 93
Long-Term Benefits® 2030 2040 2050
Primary nonrenewable energy savings (QUAAS) .........cccevererriieeiieiienese e sre e eeenens 2.8 3.7 3.7
Energy system cost savings (Billion 20018) ..........ccceoreiiinieinneenseenseenseeeas 1 3 4
Carbon emission reductions (MMTCE) ......cococeiiiiiiieseseceee e 60 73 87
Natural gas Savings (QUAAS) .......cuevereiereriseeieierees e se et 1.09 1.99 0.50
Program specific electric capacity additions (GW) .......ccecvevevenevisinse e 68 96 111

4 Benefits reported are annual, not cumulative, for the year given. Estimates reflect the benefits that may be possible if all of
the program’s technical targets are achieved and funding continues at levels consistent with assumptions in the FY 2006
Budget.

> Mid-term program benefits were estimated utilizing the GPRA06-NEMS model, based on the Energy Information
Administration’s (EIA) National Energy Modeling System (NEMS) and utilizing the EIA’s Annual Energy Outlook (AEO)
2004 Reference Case.

¢ Long-term benefits were estimated utilizing the GPRA06 - MARKAL developed by Brookhaven National Laboratory
(BNL). Results can differ among models due to differences in their structure. In particular, the two models estimate
economic benefits in different ways, with the MARKAL model reflecting the cost of additional investments required to
achieve reductions in energy bills.
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Technology Viability
Funding Schedule by Activity

(dollars in thousands)

FY 2004 FY 2005 FY 2006 $ Change % Change

Technology Viability

Low Wind Speed Technology

(Large Systems) .......cccccvvvvrnne 11,611 10,494 15,600 +5,106 +48.7%

Distributed Wind Technology

(DWT - Small Systems) .......... 1,962 1,908 2,000 +92 +4.8%

Supporting Research and

Testing (SR&T) .covcvvvvvveriiienne 14,577 14,199 15,000 +801 +5.6%
Total, Technology Viability.............. 28,150 26,601 32,600 +5,999 +22.6%

Description

Technology Viability focuses on developing new, cost-effective technologies through research and
development using competitively selected public/private partnerships (Low Wind Speed Technology
and Distributed Wind Technology projects) closely coordinated with Supporting Research and Testing
conducted by National Laboratories.

Benefits

The Technology Viability key activities focus on research and development for improving the cost
effectiveness of large and small wind energy systems, which is a primary barrier to wind energy
competing without disadvantage to serve the Nation’s energy needs. Reducing the cost of energy of
large and small wind systems will help meet the Wind Energy Program’s goals and, in turn help wind
energy compete without disadvantage in energy markets.

The following table provides expected annual indicators of progress for the LWST and DWT activities
cents/kilowatt-hour in Class 4 Wind Regimes:

(fiscal year)
02 03 04 05 06 07 08 09 10 11 12

Low Wind Speed
Technology — onshore

Target.........cocevvnen. 55 5.0 4.6 4.3 4.0 3.7 3.5 3.3 3.2 3.1 3.0
Actual ...l 55 5.0 4.4

Low Wind Speed
Technology — Offshore
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(fiscal year)

02 03 04 05 06 07 08 09 10 11 12

Distributed Wind
Technology?

Target ....ooeevvviiiiiine 17-22 14-20 13-19 12-18 11-16 10-15
Actual ... 14-20 13-19

The Wind Program also has developed a methodology for measuring and tracking program performance.
Levelized COE, in constant dollars, is the primary performance indicator for the LWST and DWT
efforts. Achieving the planned COE target will be possible through the 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 will be based on industry experience
in maturation of technologies and manufacturing processes. Determining the COE impact of
improvements in individual components and subsystems will be based on comparisons against a
baseline turbine composite with a well-understood cost of energy. On a yearly basis throughout the
course of the LWST and DWT projects, the impact of technology improvements will be assessed and
the results will be peer-reviewed. Forecasts of COE impact will be 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 methodology is available in
the Wind Energy Program Multi Year Technical Plan for 2004 — 2010 at
www.eere.energy.gov/windandhydro/.

Detailed Justification

(dollars in thousands)

FY 2004 FY 2005 FY 2006

Low Wind Speed Technology (LWST - Large Systems) .. 11,611 10,494 15,600

The Low Wind Speed Technology (LWST) project supports public/private partnerships for multiple
large wind system technology pathways (turbines over 100 kilowatts) to achieve the goal of 3 cents/kWh
for onshore systems and 5 cents/kWh for offshore systems in Class 4 winds by 2012. New partnerships
to catalyze industry adoption of component technology developments and emerging innovation are
supported through a series of three LWST competitive solicitations - Phase | was initiated in FY 2002,
Phase Il began in FY 2004, and Phase 11 is planned to commence in FY 2007. These concentrate on
three technical areas: 1) conceptual design studies, 2) component development and testing; and 3) full
turbine prototype development and testing. The Phase Il LWST solicitation was expanded to include
offshore wind energy system technology development, beginning in FY 2005. The LWST portfolio and
related Supporting Research and Testing activities are continuously coordinated to facilitate technology
transfer and transition conceptual design and component projects into full system development. LWST
projects will be periodically reviewed against analytically established performance measures to provide

& Cents/kilowatt-hour in Class 3
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(dollars in thousands)

FY 2004 FY 2005 FY 2006

the basis for funding and planning adjustments needed to optimize the portfolio for success.

In 2006, two major milestones are expected under this effort: 1) Fabrication of the first components
developed under the second round of LWST will be completed and testing will begin; and 2) Testing of
the first commercial prototype from the Phase | LWST will be completed. The program will also
examine options for further offshore technology development.

Distributed Wind Technology (DWT - Small Systems)..... 1,962 1,908 2,000

The Distributed Wind Technology (DWT) project supports public-private partnerships for multiple small
wind system technology pathways (turbines less than or equal to 100 kilowatts) to achieve the program
goal of 10-15 cents per kilowatt-hour in Class 3 resources by 2007.

New partnerships to catalyze industry adoption of component technology developments and emerging
innovation are supported through a series of three technical areas: 1) conceptual design studies; 2)
component development and testing; and 3) full turbine prototype development and testing.

FY 2006 activities will expand the number of DWT public/private partnerships using a competitive
solicitation. The DWT portfolio and related Supporting Research and Testing activities are continuously
coordinated to facilitate technology transfer and transition conceptual design and component projects
into full system development. These SR&T efforts will support not only the new grantees from the FY
2006 solicitation but also will provide ongoing technical support to the current DWT financial assistance
projects.

In FY 2006, major milestones expected under this effort are: 1) Award grants/cooperative agreements
from a second round DWT solicitation; and 2) Complete all of the grants for DWT round one conceptual
design work.

Supporting Research and Testing (SR&T) ............... 14,577 14,199 15,000

Supporting Research and Testing (SR&T) is composed of three key program elements that directly
support development of Low Wind Speed Technology (LWST) and Distributed Wind Technology
(DWT): Design Review and Analysis, Enabling Research, and Testing Support. SR&T provides
technical support essential to the LWST and DWT public/private partnerships by engaging the
capabilities of the National Labs, universities and other technical support available in private industry.

The Design Review and Analysis task ensures that improved products resulting from advances in R&D
are developed in a logical and safe manner and in compliance with the applicable international
certification standards - a vital step in mitigating the risk of market acceptance for LWST and DWT
output technology.

Enabling Research activities in advanced rotor development, drive train and power systems, inflow and
site characterization, and systems and controls provide the technical improvements in components and
integrated systems needed to support LWST and DWT projects. Characterization of the design
environment, improved computer simulation codes, advanced components, and integrated systems and
controls are the main product outputs.

The third program element, Testing Support, includes both facility and field tests of all newly developed
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(dollars in thousands)

FY 2004 FY 2005 FY 2006

LWST and DWT components and systems to ensure design and performance compliance. Structural
testing of blades up to 45 meters in length and fully integrated power drive train tests, up to 2.5 MW, are
accomplished in the controlled environments of the Industrial User Facility (IUF) and Dynamometer Test
Facility (DTF). Field testing of fully integrated prototypes in actual wind farms and distributed power
applications provides the final validation of the LWST and DWT designs.

SR&T also includes funding required for operation of the National Wind Technology Center (NWTC) at
the National Renewable Energy Laboratory (NREL) for specialized engineering test facilities and
equipment that directly support LWST and DWT public-private technology development partnerships.
(Of the $2.0 million for NWTC in FY 2006, $350,000 falls under SR&T.) Capital equipment
expenditures of approximately $750,000 are expected by the National Renewable Energy Laboratory in
FY 2006. Performance is measured for R&D activities using analytically-established targets linking
contributions from each activity to meeting LWST and DWT Program goals. Outputs of this activity
include periodic design reviews and conduct of tests at industry and laboratory locations.

SR&T activities in FY 2006 include, for the Distributed Wind Technology Program, completing
fabrication and beginning testing of a composite blade made from new manufacturing techniques and
complete preliminary design of a DWT (less than 100 kW) prototype system. For the Low Wind Speed
Technology Program, SR&T activities in FY 2006 include continuing Great Plains long-term inflow and
structural dynamics test of a 1.5 MW machine in a joint public/private partnership with industry;
beginning testing of an advanced twist/flap coupled blade using carbon fiber design elements; and
supporting offshore and Great Plains deployment with advanced atmospheric monitoring technology,
analysis, and simulation enhancements. In FY 2004, funding for this activity was reduced by $924,000
for SBIR/STTR which was and transferred to the Science Appropriation.

Total, Technology Viability .............................. 28,150 26,601 32,600
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Explanation of Funding Changes

FY 2006 vs.
FY 2005
($000)

Low Wind Speed Technology (Large Systems)

Increase accelerates hardware development and testing activities under ongoing

LWST component and system development projects with industry partners, with

emphasis on accelerating offshore wind power technology projects. Majority of

increase will support competitive, merit-reviewed, cost-shared R&D with industry

(RDIC 2b and 2f), build on existing technology, and complement related R&D (RDIC

2a) underway in industry, universities, and national laboratories...........c.cccecvvvvevivenenne. +5,106

Distributed Wind Technology (DWT - Small Systems)

Increase accelerates hardware development and testing activities under ongoing
industry partner DWT turbine system projects. Increase will support competitive,
merit-reviewed, cost-shared R&D with industry (RDIC 2b, 2) ..o +92

Supporting Research and Testing (SR&T)

Increases laboratory testing activities required to support hardware development stage
of LWST and DWT industry partner ProjectS........ccccveeiieieeiieieeseeiee e e eee e +801

Total Funding Change, Technology Viability..........cccoooviiieiiiiiiiiccc e +5,999
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Technology Application
Funding Schedule by Activity

(dollars in thousands)

FY 2004 FY 2005 FY 2006 $ Change % Change
Technology Application
Systems Integration.........ccccceeveveveiennnns 3,140 2,665 4,349 +1,684 +63.2%
Resource AsSeSSMENt........coceveereereennn. 981 0 0 0 0
Technology Acceptance.........cccccevennne. 3,449 3,815 4,100 +285 +7.5%
Supporting Engineering and
ANALYSIS .o 2,657 3,164 3,200 +36 +1.1%
Total, Technology Application..............cceu.... 10,227 9,644 11,649 +2,005 +20.8%

Description

The Technology Application subprogram addresses opportunities and barriers other than turbine cost of
energy concerning use of wind energy systems. Activities include Systems Integration which requires
applied technical efforts, and Technology Acceptance, which focuses on resolving institutional issues
and providing energy sector outreach. Technology Application also includes cross-cutting Supporting
Engineering and Analysis activities that accelerate the appropriate introduction of wind energy systems
in the energy sector through opportunities such as field verification projects, support for industry
certification testing and standards development, and near-term technical support for emerging industry
issues.

Benefits

Technology Application helps the program achieve its mission by focusing on the non-energy cost
barriers that impede wind energy use in the United States. Helping stakeholders and officials within
States understand wind energy technologies and how wind can be integrated into their state energy
systems will in turn reduce institutional and regulatory barriers, helping wind to compete without
disadvantage.

The following table provides expected annual indicators of progress for Technology Application:

(fiscal year)

00 | 01 02 03 04 05 06 07 08 09 10

Technology Acceptance

# of States with 100 MW Target.......... -- 10 12 16 19 22 25 27 30
# of States with 100 MW Actual.......... 4 7 8 10 12

The Technology Application performance targets above are used as a way to measure the success of the
Wind Energy Program’s outreach activities. Since each State is a unique regulatory, policy and
economic entity, reaching 100 MW installed capacity threshold is an important indicator that wind is
being accepted as a large-scale generating option by the State’s utilities, regulators, and investors.
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Detailed Justification

(dollars in thousands)

FY 2004 FY 2005 FY 2006

Systems INtegration ..........ccccceveiieveeie e 3,140 2,665 4,349

Systems Integration is comprised of efforts to enhance the compatibility of wind energy technologies
with the electric power system, and to develop information to assure fair treatment of wind energy by
power system operators, transmission owners and regulators and to mitigate barriers. System integration
includes development of data on wind turbine and wind plant performance from onshore and offshore
applications of interest to the power industry; analytical techniques to represent the wind plant in
planning and operating tools used by the electric power industry; investigation of transmission tariffs and
policies to ensure that wind projects are treated fairly, and transfer of this information and techniques to
stakeholders in the power industry, including regional transmission operators, state and Federal
regulators, wind plant operators and wind turbine manufacturers. The geographical scope of the activity
ranges from distributed application, such as a 10 kW turbine interconnected with a rural cooperative
farm, to isolated village power systems using wind and diesel power plants, to large wind plants covering
several tens of square kilometers. The issues to be considered are largely the same for each scale of the
wind project — issues arising from the compatibility of wind generation with the needs of the load for
well-controlled voltage and stable electric power. Recent studies have shown that the additional cost to
interconnect wind plants at low penetrations are on the order of 0.2 cents per kwWh. These ancillary
service costs are thought to increase slowly with increasing wind plant penetration, i.e., as wind supplies
a greater fraction of the instantaneous demand.

Systems Integration also includes consideration of how wind energy competes in the competitive
marketplace and new applications such as wind-hydrogen production, desalination, purification and
delivery of water, and wind/hydropower coordination to develop operating strategies to create improved
economics and benefits for both technologies.

In FY 2006, improved operating techniques, including wind plant output forecasting; will be investigated
to reduce the impact of ancillary service costs. Projects include improved resolution of wind plant hourly
output for typical months needed for transmission studies and economic evaluations, investigations of
improved transmission tariffs for low capacity factors, and variable output wind projects such as flexible-
firm tariffs. Simulation tools to represent geographical diversity of several wind plants connected to the
same power system will be developed in conjunction with industry and verified to provide an analytical
basis for integration of larger amounts of wind energy. The geographic diversity and integration of
offshore wind plants will also be investigated. The results of all of these investigations will be
transferred to power industry regulators and stakeholders. Staff from at least two Regional Transmission
Organizations and Federal regulators will be engaged to transfer results of these activities and to provide
feedback on their usefulness. In addition, regional transmission consortia will be encouraged to explore
wind energy development and develop scenarios for deployment to be used in RTO planning studies.

RESOUICE ASSESSMENT ...unieiiii ettt e e e e eern e eeens 981 0 0

The program has employed the best scientific knowledge and regional and local experience to collect
wind resource data and prepare detailed maps as an essential tool in identifying promising areas for
development. In the last 10 years, efforts have focused on refinement of initial resource maps by adding
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(dollars in thousands)

FY 2004 FY 2005 FY 2006

measurements, finer scale surface and terrain data through geographic information systems, and large-
scale weather modeling. The program has largely transferred this level of mapping technology to the
private sector where a small number of companies can provide mapping services. Core resource
assessment and mapping efforts were completed in FY 2004. The program transferred state and local
mapping capability completed in previous years to industry, and remaining needs for resource
assessment-related activities to other parts of the program.

Technology Acceptance ...........ovvviiiiiiiinnnnnnn, 3,449 3,815 4,100

Technology Acceptance includes activities to build on the national R&D investment in wind technology
through work with national stakeholder groups to move the technology into the power generation market.
The Wind Powering America (FY04, FY05 and FY06 at $3.1 million each) component of Technology
Acceptance addresses barriers to wind development at the national, state, and local levels. The focus is
on facilitating the deployment of wind technology to bring economic benefits to the country, enhancing
the use of domestic energy resources, supporting Federal sector compliance with renewable energy use
goals, and stimulating sustainable tribal energy sectors. Activities are conducted in partnership with
utility generators, equipment manufacturers, project financiers and developers, public and private
officials, regulators, industrial and public sector consumers, other Federal and state agencies, and citizen
stakeholder groups to provide technical support, guidance, and information on national, regional, state,
and local efforts to explore and develop their wind energy resources. Technology Acceptance also
supports cooperative activities with utility-based and other key stakeholder organizations to expand
access to wind resource data and to provide information on technical and institutional barriers to
development. Performance for this activity is measured by tracking the number of States that have
installations of 100 MW indicating that there is a considerable level of acceptance of in these States.

In FY 2006, activities will focus on continuing support for existing and emerging state wind working
groups, expanding tribal wind technical assistance on wind resources and project planning and
development; continuing partnership activities with agriculture-sector national and state
organizations; continuing collaboration with public power national and state-based organizations;
expanding the community and rural schools project concepts; and expanding small wind system
support activities. FY 2006 performance targets for this activity: 19 States with at least 100 MW of
wind installed.
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(dollars in thousands)

FY 2004 FY 2005 FY 2006

Supporting Engineering and Analysis ..........ccccccvvevveiiennen, 2,657 3,164 3,200

The Supporting Engineering and Analysis (SE&A) activity provides a number of cross-cutting functions
for supporting the achievement of the program’s goals. These include systems analysis to track
improvements in wind technology in diverse applications; assessment of future improvements in cost
performance of wind technology (i.e., technology characterization); investigation of technical,
environmental, and institutional issues to address near-term barriers for industry; participation in
development of domestic and international design standards for wind turbine design and testing, design
review and testing support for the Underwriters Laboratories wind turbine certification program; and
operation and management of the National Wind Technology Center (NWTC) to support staff, facilities
and Technology Application activities. [Of the $2.0 million planned for the NWTC, $1.656 million falls
under SE&A.]

In FY 2006, the program will continue programmatic analyses and data collection required to update
wind technology characterization and projections, wind project database, and to support program benefits
assessment required by GPRA,; transition turbine certification testing program activities to UL;
coordinate the production and publication of technical papers and reports (such as the IEA Wind Energy
Annual Report and Wind Power Today & Tomorrow) outreach brochures and materials, journal articles,
websites, and conference papers and exhibits.

Total, Technology Application............ccoccvveevieniesiienreieeen, 10,227 9,644 11,649

Explanation of Funding Changes

FY 2006 vs.
FY 2005
($000)

Systems Integration
Increase due to higher priority for addressing grid systems integration impacts as a
result of increasing wind energy penetration levels, and to address new challenges
with integrating offshore, consistent with the (RDIC 1b) focusing on addressing
CrItiCal MArKEE DAITIEIS. ....c.vi ittt +1,684
Resource Assessment
NO SIGNITICANT CNANGE .....c.vi e sre e 0
Technology Acceptance
Increases technology acceptance support for emerging opportunities, including
OTFSNOIE WING POWET ...ttt +285
Supporting Engineering and Analysis
NO SIGNITICANT CRANGE ... e +36
Total Funding Change, Technology Application............ccocuoviiiiiinenenc e +2,005
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Congressionally Directed Activities
Funding Schedule by Activity

(dollars in thousands)

FY 2004 FY 2005 FY 2006 $ Change % Change
Congressionally Directed Activities..... 1,426 4,559 0 -4,559 -100%
Total, Congressionally Directed
ACHIVILIES ..ot 1,426 4,559 0 -4,559 -100%

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.

Detailed Justification

(dollars in thousands)

FY 2004 FY 2005 FY 2006

There were a total of 9 Congressionally Directed activities in FY 2004. The program does not plan
to request any in future years. The following projects were directed by Congress to be included in
this program:

Wind Energy Transmission Study (Omnibus Bill)........ 497 0 0

To explore dynamic scheduling of wind power through the grid to supply electrolysis-based hydrogen
production

Vermont Department of Public Service................... 491 0 0
Public education and outreach project to reduce barriers to wind energy use in the State.

St. Francis, Pennsylvania Wind Farm Feasibility Study .. 144 521 0
Continuation of wind turbine feasibility study for St. Francis University.

Saginaw, Michigan Chippewa Wind Project ............. 294 0 0

Feasibility study for a wind farm located on tribal lands.
North Dakota Wind Pilot Project......................... 0 496 0

Continuation of project to explore dynamic scheduling of wind power through the grid to supply
electrolysis-based hydrogen production.
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(dollars in thousands)

FY 2004 FY 2005 FY 2006

Great Plains Wind Energy Transmission Development
PrOJeCt . 0 496 0

To support project at University of North Dakota Energy and Environmental Research Center for
analysis of transmission requirements for wind power development in the Great Plains region.

Alaska Wind Energy Project............................. 0 1,488 0
To support competitively selected wind projects in the state of Alaska.

Renewable Energy for Rural Economic Development
Program, Utah State University .......................... 0 496 0

To support the Rural Economic Development Program at the university.
lowa Lakes Community College Wind Turbine Project .. 0 496 0

For installation of a wind turbine for the College which will be used for educating and training
students about wind power.

National Center for Energy Management and Building
Technologies ... 0 566 0

In FY 2005, activities funded under this Congressionally-directed project were to address HVAC
research needs and improve the efficiency, productivity, and security of the U.S. building stock by
developing and disseminating synergistic and complementary solutions to energy management, indoor
environment quality, and security concerns in new and existing buildings.

Total, Congressionally Directed Activities................ 1,426 4,559 0

Explanation of Funding Changes

FY 2006 vs.
FY 2005
($000)
Congressionally Directed Activities
No funds are being requested iINFY 2006 . ....... ..ot -4,559
Total Funding Change, Congressionally Directed ACtIVITIES .........ccccceviiiniiininnnnn -4,559
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Hydropower

Funding Profile by Subprogram®

(dollars in thousands)

FY 2004 FY 2005 FY 2005
Comparable Original FY 2005 Comparable FY 2006
Appropriation | Appropriation Adjustments | Appropriation Request
Hydropower
Technology Viability ........ 3,293 3,401 -28° 3,373 150
Technology
Application .......c..cceeenenn, 1,380 1,599 -110° 1,489 350
Total, Hydropower.................. 4,673 5,000 -138 4,862 500

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. 95-238, “Department of Energy Act — Civilian Applications” (1978)

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” (1989)
P.L. 104-303, “Water Resources Development Act” (1996)

Mission

The mission of the Hydropower Program (“Hydropower Program”) has been to lead the Nation’s
efforts to improve the technical, societal, and environmental benefits of hydropower, and
develop cost-competitive technologies that enable the development of new and incremental
hydropower capacity, adding to the diversity of the Nation’s energy supply. The Department
plans to closeout the Hydropower Program in FY 2006 and transfer results of its research and
development related to testing of fish-friendly large turbines to industry.

Benefits

The Hydropower Program’s mission and activities have contributed directly to EERE’s and DOE’s
mission of improving National, Energy, and Economic security by increasing supply and diversity.

8 SBIR/STTR funding in the amount of $133,000 was transferred to the Science Appropriation in FY 2004. Estimates for
SBIR/STTR budgeted in FY 2005 and FY 2006 are $98,000 and $10,000 respectively.

® Reflects the 0.80% rescission of -$28,000.

¢ Reflects the 0.80% rescission of -$12,000 and comparability adjustment for Cross-cutting Planning, Analysis and
Evaluation of -$98,000.
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Strategic and Program Goals

The Department’s Strategic Plan identifies four strategic goals (one each for defense, energy, science,
and environmental aspects of the mission) plus seven general goals that tie to the strategic goals. The
Hydropower Program supports the following goal:

Energy Strategic Goal

General Goal 4, Energy Security: Improve energy security by developing technologies that foster a
diverse supply of reliable, affordable and environmentally sound energy by providing for reliable
delivery of energy, guarding against energy emergencies, exploring advanced technologies that make a
fundamental improvement in our mix of energy options, and improving energy efficiency.

The Hydropower Program has had one program goal which contributes to General Goal 4 in the “goal
cascade™:

Program Goal 04.06.00.00: 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.

Contribution to Program Goal 04.06.00.00 (Hydropow