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U.S. DEPARTMENT OF ENERGY
FY 2010 Internal Statistical Table by Appropriation

(dollars in thousands - OMB Scoring)

Discretionary Summary By Appropriation
Energy And Water Development, And Related Agencies
Appropriation Summary:
Energy Programs

Energy efficiency and renewable energy...
Electricity delivery and energy reliability....
Nuclear energy
Legacy management.

Fossil energy programs
Clean coal teChNOIOGY........cooviriiiiiiiieie e
Fossil energy research and development...
Naval petroleum and oil shale reserves..
Strategic petroleum reserve....
Northeast home heating oil reserve..

Total, Fossil energy programs

Uranium enrichment D&D fund............ccoceeiiiiiiiiiiinniiciicn
Energy information administration
Non-Defense environmental cleanup
Science
Energy transformation acceleration fund...
Nuclear waste disposal
Departmental administration
Inspector general
Advanced technology vehicles manufacturing loan...
Innovative technology loan guarantee program
Section 1705 temporary loan guarantee program

Total, ENergy ProgramsS........ccccueeieeiuierieenieeieeieenieesiee e seesnaee e snns

Atomic Energy Defense Activities
National nuclear security administration:
WEAPONS ACHVILIES.......cviiviiiieiicii e
Defense nuclear nonproliferation...
Naval reactors............ccco....
Office of the administrator.

Total, National nuclear security administration

Environmental and other defense activities:

Defense environmental Cleanup...........cccceeveriiniiiiiieneenee e

Other defense activities
Health, safety and security
Legacy Management.
Nuclear energy
Defense related administrative support
Office of hearings and appeals...
Congressionally directed projects..

Subtotal, Other defense activities.

Adjustments
Total, Other defense activities.
Defense nuclear waste disposal..........

Total, Environmental & other defense activities

Total, Atomic Energy Defense Activities

Power marketing administrations:
Southeastern power administration..
Southwestern power administration.
Western area power administration
Falcon & Amistad operating & maintenance fund
Colorado River Basins............cccccooveeeceenn.

Total, Power marketing administrations

Federal energy regulatory COMMISSION...........ccceeiiiiiireiicneniieniens

Subtotal, Energy And Water Development and Related

AGENCIES. ...t
Uranium enrichment D&D fund discretionary payments
Excess fees and recoveries, FERC

Total, Discretionary Funding

Appropriation Account Summary

FY 2008 FY 2009 FY 2009 FY 201.0 EY 2010 vs. FY 2009
Current Current Current Congressional
Approp. Approp. Recovery Request $ [ %
1,704,112 2,178,540 16,800,000 2,318,602 +140,062 6.4%
136,170 137,000 4,500,000 208,008 +71,008 51.8%
960,903 792,000 761,274 -30,726 -3.9%
33,872 e 0.0%
-58,000 —_ 0.0%
727,181 876,320 3,400,000 617,565 -258,755 -29.5%
20,272 19,099 23,627 +4,528 23.7%
186,757 205,000 229,073 +24,073 11.7%
12,335 9,800 11,300 +1,500 15.3%
888,545 1,110,219 3,400,000 881,565 -228,654 -20.6%
622,162 535,503 390,000 559,377 +23,874 4.5%
95,460 110,595 133,058 +22,463 20.3%
182,263 261,819 483,000 237,517 -24,302 -9.3%
4,082,883 4,772,636 1,600,000 4,941,682 +169,046 3.5%
400,000 10,000 +10,000 N/A
187,269 145,390 98,400 -46,990 -32.3%
148,415 155,326 182,331 +27,005 17.4%
46,057 51,927 15,000 51,445 -482 -0.9%
7,510,000 10,000 20,000 -7,490,000 -99.7%
4,459 —_— 0.0%
5,990,000 — 0.0%
9,092,570 17,760,955 33,588,000 10,403,259 -7,357,696 -41.4%
6,302,366 6,380,000 6,384,431 +4,431 0.1%
1,334,922 1,482,350 2,136,709 +654,359 44.1%
774,686 828,054 1,003,133 +175,079 21.1%
402,137 439,190 420,754 -18,436 -4.2%
8,814,111 9,129,594 9,945,027 +815,433 8.9%
5,411,231 5,657,250 5,127,000 5,495,831 -161,419 -2.9%
425,461 446,471 449,882 +3,411 0.8%
154,961 185,981 189,802 +3,821 2.1%
75,261 565,819 83,358 -482,461 -85.3%
98,104 108,190 122,982 +14,792 13.7%
4,565 6,603 6,444 -159 -2.4%
999 -999 -100.0%
758,352 1,314,063 852,468 -461,595 -35.1%
-8,893 —_— 0.0%
749,459 1,314,063 852,468 -461,595 -35.1%
199,171 143,000 98,400 -44,600 -31.2%
6,359,861 7,114,313 5,127,000 6,446,699 -667,614 -9.4%
15,173,972 16,243,907 5,127,000 16,391,726 +147,819 0.9%
6,404 7,420 7,638 +218 2.9%
30,165 28,414 44,944 +16,530 58.2%
228,907 218,346 10,000 256,711 +38,365 17.6%
2,477 2,959 2,568 -391 -13.2%
-23,000 -23,000 -23,000 — 0.0%
244,953 234,139 10,000 288,861 +54,722 23.4%
— 0.0%
24,511,495 34,239,001 38,725,000 27,083,846 -7,155,155 -20.9%
-458,787 -463,000 -663,000 -200,000 -43.2%
-20,370 -27,682 -26,864 +818 3.0%
24,032,338 33,748,319 38,725,000 26,393,982 -7,354,337 -21.8%
Page 3 FY 2010 Congressional Budget Request
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Energy Efficiency and Renewable Energy
Proposed Appropriation Language

For Department of Energy expenses including the purchase, construction, and acquisition
of plant and capital equipment, and other expenses necessary for energy efficiency and
renewable energy 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 two passenger vehicles for replacement,
$1,928,540,000] $2,318,602,000, to remain available until expended [: Provided, That, of
the amount appropriated in this paragraph, $228,803,380 shall be used for projects
specified in the table that appears under the heading "Congressionally Directed Energy
Efficiency and Renewable Energy Projects" in the text and table under this heading in the
explanatory statement described in section 4 (in the matter preceding division A of this
consolidated Act)]. (Energy and Water Development and Related Agencies
Appropriations Act, 2009.) [In addition to the amounts otherwise provided by section
101 for "Department of Energy—Energy Programs—Energy Efficiency and Renewable
Energy" for weatherization assistance under part A of title IV of the Energy Conservation
and Production Act (42 U.S.C. 6861 et seq.), there is appropriated $250,000,000 for an
additional amount for fiscal year 2009, to remain available until expended.] [The amount
provided by this section is designated as an emergency requirement and necessary to
meet emergency needs pursuant to section 204(a) of S. Con. Res. 21 (110th Congress)
and section 301(b)(2) of S. Con. Res. 70 (110th Congress), the concurrent resolutions on
the budget for fiscal years 2008 and 2009.] (Continuing Appropriations Resolution,
2009.)

Explanation of Change

The three provisos are deleted because: 1) No funding was needed to replace passenger
vehicles under the, Department of Energy Organization Act (42 U.S.C. 7101 et seq.); 2)
Funding was received for Congressionally Directed activities within the Energy and
Water Development and Related Agencies Appropriations Act, 2009; and 3)
Weatherization was appropriated under Energy Efficiency and Renewable Energy for
weatherization assistance under part A of title IV of the Energy Conservation and
Production Act (42 U.S.C. 6861 et seq.).

Energy Efficiency and Renewable Energy/
Appropriation Language FY 2010 Congressional Budget
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Energy Efficiency and Renewable Energy

Office of Energy Efficiency and Renewable Energy

Overview

Appropriation Summary by Program

Energy Efficiency and Renewable Energy
Fuel Cell Technologies
Biomass and Biorefinery Systems R&D
Solar Energy
Wind Energy
Geothermal Technology
Water Power
Vehicle Technologies
Building Technologies
Industrial Technologies
Federal Energy Management Program
RE-ENERGYSE
Facilities and Infrastructure
Weatherization and Intergovernmental Activities
Program Direction
Program Support
Congressionally Directed
Advanced Battery Manufacturing
Transportation Electrification
Alternative Fueled Vehicles
EERE RDD&D

Subtotal, Energy Efficiency and Renewable Energy

(dollars in thousands)

FY 2008 FY 2009 FY 2009
Current Original Additional FY 2010
Appropriation® | Appropriation | Appropriation Request
206,241 168,960 43,400 68,213
195,633 217,000 786,500° 235,000
166,320 175,000 - 320,000
49,034 55,000 118,000 75,000
19,307 44,000 400,000 50,000
9,654 40,000 B 30,000
208,359 273,238 B 333,302
107,382 140,000 - 237,698
63,192 90,000 50,000 100,000
19,818 22,000 - 32,272
- - - 115,000
76,176 76,000 100,700 63,000
282,217 516,000° 11,600,000 301,000
104,057 127,620 50,000 238,117
10,801 18,157 - 120,000
186,664 228,803 - 0
- B 2,000,000 -
- - 400,000 B
- B 300,000 -
- B 951,400 B
1,704,855 2,191,778 16,800,000 2,318,602

8 SBIR/STTR funding was transferred to the Science Appropriation in FY 2008, which includes a reduction of $16,355,000
that was transferred to the SBIR program, and $1,960,000 that was transferred to the STTR program.
® Facilities and Infrastructure includes $13.5 million for the Integrated Biorefinery Research Facility, for a total of $800

million in Biomass related Recovery funded projects.

¢ Includes $250.0 million in emergency funding for the Weatherization Assistance Grants program provided by P.L. 111-6,

“The Continuing Appropriations Resolution, 2009.”

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

FY 2008 FY 2009 FY 2009
Current Original Additional FY 2010
Appropriation® | Appropriation Appropriation Request
Use Of Prior Year Balances 743 -13,238 0 0
Total, Energy Efficiency and Renewable Energy 1,704,112 2,178,540 16,800,000 2,318,602

Energy Efficiency and Renewable Energy/
Overview FY 2010 Congressional Budget
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Preface

The Office of Energy Efficiency and Renewable Energy (EERE) requests $2.319 billion for FY 2010 to
help build a new energy economy by changing the national landscape of energy supply and demand and
increasing the scale and pace of commercialization for new technologies. Through the research,
development, and deployment (RD&D) of EERE’s diverse, cutting-edge applied science portfolio, these
funds will significantly increase support for critical scientific, policy, and economic advances. DOE’s
energy efficiency and renewable energy research, effectively partnered with public- and private-sector
actions, can help the U.S. meet national and global energy, environmental, and economic challenges
concurrently. This RD&D portfolio investment will deliver increased technological advances and
accelerate the marketplace changes necessary to meet the needs of the public, stimulate private-sector
investment in clean energy, and position the U.S. as a world leader in climate change technology. It will
also sustain and build upon the initiatives and economic goals of the American Recovery and
Reinvestment Act of 2009 (Recovery Act) and will continue support of the Energy Independence and
Security Act of 2007 (EISA) and the Energy Policy Act of 2005 (EPAct).

The EERE portfolio leads Administration efforts to invest in clean energy research, reduce dependence
on oil and other volatile foreign energy sources, and transform how the U.S. powers the economy by
focusing on scientific discovery, job creation, energy transformation, and climate change impacts.
EERE’s 2010 portfolio investment provides the following benefits:

= Significantly advances the RD&D of technologies and practices in Building Technologies ($237.7
million requested; increase of $97.7 million), Solar Energy ($320.0 million requested; increase of
$145.0 million), Vehicle Technologies ($333.3 million requested; increase of $60.1 million) and
Wind Energy ($75.0 million requested; increase of $20.0 million);

= Fosters the deployment of clean energy technologies and practices through considerable growth in
the Federal Energy Management Program (FEMP; $32.3 million requested; increase of $10.3
million), continuation of the Weatherization and Intergovernmental Program ($301.0 million
requested; decrease of $215.0 million) and the start of the REgaining our ENERGY Science and
Engineering Edge program (RE-ENERGY SE; $115.0 million requested; increase of $115.0 million);

= Significantly increases program management funds to scale-up staffing and continue the oversight,
transparency and reporting activities in Program Direction ($238.1 million requested; increase of
$110.5 million); and more effectively informing change in Program Support ($120.0 million
requested; increase of $101.8 million) through significant consolidation and growth in corporate
technology planning, analysis, commercialization and communication for clean energy technologies,
policies, and markets;

= Continues to build upon the recent investments and RD&D advances in Biomass and Biorefinery
Systems R&D ($235.0 million requested; increase of $18.0 million), Geothermal Technology ($50.0
million requested; increase of $6.0 million), Fuel Cell Technologies ($68.2 million requested;
decrease of $100.7 million), Industrial Technologies ($100.0 million requested; increase of $10.0
million), Water Power ($30.0 million requested; decrease of $10.0 million) and Facilities and
Infrastructure ($63.0 million requested; decrease of $13.0 million).

All of these efforts will enhance national energy security, environmental quality and economic
productivity. Major reallocations from FY 2009 are discussed in the Significant Changes section of the
Overview and in detail in the individual program chapters.

Energy Efficiency and Renewable Energy/
Overview FY 2010 Congressional Budget
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In partnership with organizations that leverage EERE program technologies, the EERE portfolio
supports DOE’s mission to power and secure America’s future by developing cost-effective options for
reliable, clean, and affordable energy, by addressing barriers to their adoption, and by enabling a
sustainable National energy policy which diversifies energy sources and improves the productivity of
energy-intensive sectors of the economy. Figure 1 (below) depicts how EERE is working to accelerate
the transition of basic science into applied technologies, advance energy technologies through applied
R&D, and deploy technologies in energy markets through collaboration with industry and
commercialization mechanisms, including new financing and policy measures.

Figure 1: Enabling Science to Reach Markets

Market Market
TS

Industry and

>> I Capital Markets

EERE’s Technology Development programs work to advance and invest in scientific research through
targeted, RD&D programs at National Laboratories, university campuses, and private facilities spanning
the country. The programs and National Laboratories participate in a wide variety of public-private
partnerships, enabling American firms to partner in planning and conducting R&D with early-stage
technological innovations that will provide a stream of market solutions for our Nation’s energy needs
and economic growth. The combination of EERE resources and expertise with the drive and dynamism
of private institutions and individuals can move RD&D activities forward rapidly. These activities also
promote job creation and economic revitalization. The rapid growth of renewable energy resources, the
installation of energy-efficient technologies, and the development of new electricity and fuel distribution
infrastructures will create and preserve thousands of jobs in a variety of industries, which will be a
powerful driver of the economy in coming decades. EERE programs work to expand the use of cleaner
power sources, and also aim to reduce the energy needed for factories, homes, offices, and cars. The
cumulative impact of these efforts will include a rapid and sustainable long-term reduction in
greenhouse gas (GHG) emissions, enabling the U.S. to assume an international leadership role in
addressing climate change. Furthermore, increasing the market penetration of renewable energy sources
and efficiency technologies and measures will help to reduce America’s reliance upon petroleum from
unstable regions of the world, improving National economic stability and energy security.

This budget also continues to address key legislation and DOE initiatives to create a stronger link among
the basic sciences, applied energy programs, policy tools, and enabling market mechanisms. These

Energy Efficiency and Renewable Energy/
Overview FY 2010 Congressional Budget
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linkages will more successfully leverage, focus, and accelerate the specific technology advances needed
to overcome barriers and expand the value and use of new and emerging technologies.

Within the Energy Efficiency and Renewable Energy Appropriation EERE has 15 programs in FY 2010:
Fuel Cell Technologies (2 subprograms), Biomass and Biorefinery Systems R&D (3 subprograms),
Solar Energy (5 subprograms), Geothermal Energy (1 subprogram), Wind Energy (2 subprograms),
Water Power (1 subprogram), Vehicle Technologies (5 subprograms), Building Technologies (5
subprograms), Industrial Technologies (2 subprograms), Federal Energy Management Program (5
subprograms), Facilities and Infrastructure (1 subprogram), Weatherization and Intergovernmental
Activities (3 subprograms), Program Support (5 subprograms), Program Direction (4 subprograms), and
the new RE-ENERGY SE program (2 subprograms).

Mission

The mission of EERE is to strengthen America’s energy security, environmental quality, and economic
vitality through R&D and public-private partnerships that diversify the Nation’s sources of energy,
increase efficiency and productivity of the existing energy infrastructure, bring clean, reliable, and
affordable energy technologies to the marketplace, and make a difference in the everyday lives of
Americans by productively enhancing their energy choices and quality of life.

Benefits

Accomplishing the mission will benefit the economy, the environment, and both the supply and demand
sides of DOE’s energy security equation, enabling more productive use of the energy we have and
accelerating the arrival and use of the new fuels and technologies. The expansion and increasing market
viability of EERE’s RD&D portfolio will create jobs in new industries in the near term and transform
America’s energy economy for future growth and prosperity in the long term. Three energy paths create
those benefits—efficiency, new fuels and power for transportation, and clean domestic renewable
energy.

Energy efficiency efforts provide benefits to all sectors of the economy. EERE’s efficiency programs
focus on initiatives such as more efficient lighting, energy-saving appliance standards, partnerships to
improve industrial efficiency, weatherizing homes, and improving the energy efficiency of the Federal
Government. These initiatives can employ thousands of Americans in green jobs while slashing energy
costs for homes, businesses, industries and taxpayers, while also reducing GHG emissions.
Additionally, EERE will continue RD&D to reduce the Nation’s dependence upon foreign oil and
accelerate the arrival of a low-carbon economy through investment in new vehicle technologies,
including high-power lightweight lithium ion batteries, plug-in hybrid vehicles, and next-generation,
domestically energy sources such as cellulosic ethanol and fuel cells. EERE’s programs will increase
usage of renewable energy sources through research in areas such as more durable wind turbine
components, next-generation water power systems, more efficient photovoltaic (PV) and concentrating
solar power (CSP) systems, and enhanced geothermal power systems (EGS). Through cooperation with
the Office of Electricity, EERE will also work to ensure that diverse sources of clean, renewable energy
are available to a new national Smart Grid, which will effectively direct electricity from where it is most
abundant to where it is most needed.

EERE coordinates and collaborates with DOE’s Office of Science to: (1) ensure that the products of
applied and basic research and science skill sets utilize resources appropriately; (2) address technology-
based barriers and opportunities common to programs of both organizations; and (3) ensure that DOE
R&D is strategically and cost-effectively planned for both organizations

Energy Efficiency and Renewable Energy/
Overview FY 2010 Congressional Budget
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Figure 2: U.S. Renewable Electricity Capacity
EERE’s investment in cutting-edge scientific

research in renewable energy and efficiency [ - —
measures will be combined with efforts to | moesmema -
address market barriers and work with the

public and private sectors to encourage the near-
term deployment of innovative energy
technologies. EERE’s RD&D will enable
accelerated and large-scale contributions to
meet the growth in demand for energy services,
while diversifying energy supply, reducing
GHG emissions, creating and preserving jobs,
and helping to transform the economy for long-
term growth.

15,000

Megawatts Installed

5,000

The combination and integration of energy technology paths, enabled policy, market partnerships and
education directly contribute to the DOE goal by: (1) reducing demand-side pressure on energy markets
(mitigates costs); (2) reducing oil imports; (3) diversifying the mix of domestic energy production; (4)
providing smaller and decentralized alternative and non-fuel based sources of electricity generation that
are inherently less susceptible to interruption or attack; and (5) resolving the technology and market
components barriers to widespread use of these solutions. These investments provide the principal
energy technologies and pathways that break barriers, accelerate markets and develop durable policies
that enable the Nation to achieve its energy and climate change technology leadership goals.

As depicted in Figure 2,2 there has been unprecedented growth in renewable energy production, enabled
by EERE’s technology investments and
efforts with stakeholders and partners to
provide incentives and reduce barriers.
The U.S. leads the world in wind energy
production, with a 2008 capacity of
25,170 MW, according to the World
Wind Energy Association.” Domestic
biofuels production has also reached
record levels, with annual production of
over 6.9 billion gallons of ethanol and
biodiesel in 2007.¢ In addition to energy
supply gains, U.S. deployment of energy
efficiency technologies has contributed
to a reduction in energy intensity (energy ©awo aom oz e a0 205 208 2007
consumption per dollar of gross

domestic product) of 13 percent for the U.S. economy since 2000, shown in Figure 3 above.*

Figure 3: U.S. Energy and CO, Intensity

2000 — 2007* U.S. Energy Intensity Reduction — 13%0

Energy Intensity (BTU/GDP - 2000$)
CO2 Intensity (CO2/GDP — 2000$)

# Energy Information Administration’s (EIA) 2007 Electric Power Annual:
http://www.eia.doe.gov/cneaf/electricity/epa/epatlpla.html.

> World Wind Energy Report 2008: http://www.wwindea.org/home/images/stories/worldwindenergyreport2008_s.pdf .
° EIA’s Annual Energy Review 2007: http://www.eia.doe.gov/emeu/aer/pdf/pages/sec10_11.pdf.

4 E1A energy intensity data available at: http://www.eia.doe.gov/emeu/international/energyconsumption.html. EIA CO,
intensity data available at: http://www.eia.doe.gov/oiaf/1605/ggrpt/index.html.

Energy Efficiency and Renewable Energy/
Overview FY 2010 Congressional Budget

Page 16


http://www.eia.doe.gov/cneaf/electricity/epa/epat1p1a.html
http://www.wwindea.org/home/images/stories/worldwindenergyreport2008_s.pdf
http://www.eia.doe.gov/emeu/aer/pdf/pages/sec10_11.pdf
http://www.eia.doe.gov/emeu/international/energyconsumption.html
http://www.eia.doe.gov/oiaf/1605/ggrpt/index.html

The EERE portfolio will deliver significant energy security, domestic economic, and global
environmental benefits. Drawing upon the Energy Information Administration’s (EIA) expectations of
energy supply, demand, and cost, and EERE scenario modeled estimates of our programs’ goals using
integrated energy-economy models, it is expected that achievement of EERE program goals would
generate significant consumer savings; electric power sector cost savings; job creation; emissions
reduction; imported oil offsets; and diversification of the U.S. transportation energy portfolio.

DOE and the Office of Management and Budget (OMB) worked with Congress to create a budget in
which results, expected benefits and costs are expressed across DOE in a way that both the informed and
casual reader can understand and reasonably compare the benefits of the proposed budget. The FY 2010
portfolio analysis includes EERE program assessment of benefits that are possible to achieve, e.g., if
barriers were successfully addressed, technology goals were achieved, and resources were available as
necessary. Note that this analysis does not address the question of how the benefits of EERE program
goal achievement may be impacted by the achievement of the goals of other DOE energy programs —
such interactions may result in higher or lower potential benefits. The achievement of EERE program
goals will yield the significant short- and long-term results anticipated by EISA 2007, and enable
significant quantitative climate, energy security, and economic impacts from 2010 budget activities,
including:

Climate Change
Avoid nearly 10 gigatons of carbon dioxide (GTCO;) emissions by 2030 and more than 45 GTCO, by
2050 (cumulatively). Relative annual contributions of individual programs to annual avoided CO; are
shown in Figure 4 below:?

Figure 4: EERE Program Contributions to CO, Avoidance
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® The dotted black line labeled EERE is the integrated sum of EERE program impacts that result from marketplace
competition. This sum is lower than the sum of the individual program impacts due to competitive interaction among the
technologies. The buildings and solar program received significant additional resources late in the benefits estimation period,
their benefits and integrated impacts will be remodeled and the benefits will be updated by July 2009 and made available at:
http://www1.eere.energy.gov/ba/pba/program_benefits.html
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Energy Security

Offset up to 4 billion barrels of imported oil by 2030 and nearly 40 billion barrels by 2050, considerably
diversifying the U.S. energy portfolio with substitutions for oil. Relative annual contributions of
individual programs to petroleum import savings are shown in Figure 5, below:®

Figure 5: EERE Program Contributions to Petroleum Import Savings
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Economic Impact

= Save consumers at least $800 billion by the year 2030 and more than $6 trillion by 2050
(cumulatively).

= Reduce cumulative costs to the electric power sector by $500 billion dollars by 2030 and $1.3
trillion dollars by 2050.

= Relative annual consumer savings contributions by individual programs are shown in Figures 6 and
7 on the following page:”

® The dotted black line labeled EERE is the integrated sum of EERE program impacts that result from marketplace
competition. This sum is lower than the sum of the individual program impacts due to competitive interaction among the
technologies. The buildings and solar program received significant additional resources late in the benefits estimation period,
their benefits and integrated impacts will be remodeled and the benefits will be updated by July 2009 and made available at:
Elttp://wwwl.eere.enerqy.qov/ba/pba/proqram benefits.html

Ibid.
Energy Efficiency and Renewable Energy/
Overview FY 2010 Congressional Budget

Page 18



http://www1.eere.energy.gov/ba/pba/program_benefits.html

Figure 6: EERE Program Contributions to Figure 7: EERE Program Contributions to
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Performance

EERE pursues its mission through an integrated portfolio of research, development, demonstration, and
deployment activities (RDD&D). Tables 2 and 3 provide more detailed expected integrated benefits
estimates, which show the effect of combining and competing programs to deliver benefits. Relative
expected benefits for individual program contributions, shown in Figures 4-7, are provided in their
respective sections. The portfolio focuses on advanced fuels and vehicles, renewable energy, and
energy efficiency options that strengthen the national energy security, environmental quality, and
economic vitality. These activities directly support DOE’s focus on Science, Discovery, and Innovation,
and the goals build upon this focus: Clean, Secure Energy; Economic Prosperity; and Lower GHG
Emissions.

EERE’s portfolio of activities is expected to result in: lower energy bills and reduced susceptibility to
energy price fluctuations; reduced cost of controlling regulated pollutants; enhanced energy security as
petroleum and natural gas dependence is reduced and domestic fuel supplies increase; greater energy
security and reliability from improvements in energy infrastructure; and job growth. These expected
benefits are shown in Figures 4-8 and Tables 1, 2, and 3.

EERE uses integrated energy models to analyze the benefits of achieving the programs’ technical goals,
as well as the portfolio as a whole. The use of integrated models provides a consistent economic
framework and incorporates the interactive effects among the various programs. Interactive effects
result from: (1) changes in energy prices resulting from lower energy consumption; (2) interaction
between supply programs affecting the mix of generation sources and the end-use sector programs
affecting the demand for electricity; and (3) additional savings from reduced energy production and
delivery.

A modified version of EIA’s National Energy Modeling System (NEMS) was one of the models used
for this benefits analysis. NEMS is an integrated energy model of the U.S. energy system that was
developed by EIA for forecasting and policy analysis purposes. NEMS provides annual projection
capability to the year 2030, thus it is used for the midterm benefits analysis. The March 2008 version of
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the NEMS modeling system, consistent with the basis used for EIA’s Annual Energy Outlook (AEO)
2008 revised case was used as the starting point.

For projections to the year 2050, a U.S. MARKAL single-region model was used. The U.S. MARKAL
model is a technology-driven linear optimization model of the U.S. energy system that runs in five-year
intervals over a 50-year projection period. MARKAL provides a framework to evaluate all resource and
technology options within the context of the entire energy/materials system, and captures the market
interaction among fuels to meet the system’s energy needs. The model explicitly tracks the vintage
structure of all capital stock in the economy that produces, transports, transforms, or uses energy. The
U.S. MARKAL model was calibrated with the same version of the AEO projection used as the basis for
the NEMS modeling in order to maintain consistency between the results from the NEMS and
MARKAL models in the mid-term (2010 to 2030).

Future benefits are calculated as the difference between a projection intended to represent the future
U.S. energy system with the proposed EERE R&D programs, and as a baseline case intended to
represent the future without the effect of EERE programs. A consistent baseline case ensures that all
program benefits are estimated based on the same initial forecasts for economic growth, energy prices,
and levels of energy demand. The baseline case provides a basis for assessing how EERE’s
technologies will progress in comparison to conventional energy technologies (e.g., more efficient
central power generation). The case also helps ensure that improvements in technologies that would
occur in the absence of EERE’s programs are not counted as part of the benefits of the EERE programs.

In addition to technology and process advances due to EERE activities, energy market policies, such as
state renewable portfolio standards (RPS) and state and federal tax policies, facilitate the development
and deployment of clean energy technologies. The expected impact of policies already in place are
included in the baseline case, so that the expected benefits calculated reflect as much as possible the
effects of activities funded by EERE. Congress passed EISA in 2007, which includes several important
mandates for the transportation and buildings sectors: a renewable fuels standard mandating biofuel
production levels, revised CAFE standards that require significant increases in light duty vehicle fuel
efficiency, and enhanced efficiency standards, including for lighting. These new EISA 2007 mandates
are considered current policies in the baseline case.

In contrast to the methodology for factoring in the impacts of EISA 2007, the energy-related policies
and investments of the Recovery Act and the Energy Improvement and Extension Act are not considered
in the baseline or program cases. While the Recovery Act is expected to impact the deployment of
existing renewable energy and energy efficiency technologies in the near term, and the cost and
performance of specific existing and emerging technologies in the mid- to long-term, the estimates of
the potential impact of these energy-related investments will be under development until final
allocations are completed.® Recovery Act investments are expected to:

= Increase the market penetration of EERE technologies in the baseline case, which will tend to reduce
the prospective benefits associated with specific EERE’s deployment-related activities (particularly
in the WIP, Industrial, and Buildings programs).

= Increase technology demonstration and R&D activities for some specific technologies, including
biofuels and enhanced geothermal systems (EGS), which will likely result in improved cost and/or

 Recovery Act allocations and decisions such as which potential competitive bidder and the specific purpose or individual
activity to which Recovery Act funding is disbursed have not been completed as of this writing. Current information and
progress reporting on Recovery Act projects will updated and current on the Recovery Act Website:
http://www.energy.gov/recovery/.
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performance for these technologies in the baseline, and in turn, reduce the prospective benefits
associated with FY 2011 funding for these activities.

Key assumptions about macroeconomic activity, energy demand, and technology results in the baseline

case include:

= Average economic growth of 2.3 percent annually between 2009 and 2030;

= Price per barrel of oil of about $77 (2006 dollars) in 2009, dropping to $57 in 2016, before rising to
$70in 2030. In nominal dollars, the price of oil in 2030 would be about $113; and

= Price per thousand cubic feet of natural gas is $6.75 (2006 dollars) in 2009, dropping to $5.27 by
2016, and then rising slowly to $6.50 by 2030. In nominal dollars, the price of natural gas in 2030
would be about $10.44.

Benefits of EERE’s portfolio are represented in three categories that align with DOE’s strategic goals:
= Energy security benefits;

= Environmental benefits; and

= Economic benefits.

A summary of the modeled benefits for EERE’s portfolio is shown in Tables 1 and 2. As these tables
indicate, if program goals are met and the above assumptions prove to be accurate, EERE’s programs
could provide:

= Annual savings to American consumers of over $135 billion per year by 2030 and over $900 billion
per year by 2050.

= Cumulative reductions of carbon dioxide emissions of nearly 10,000 gigatons of CO; from 2010
through 2030, and 45,000 gigatons from 2010 through 2050, representing reductions from the
business as usual baseline of 7 percent and 15 percent respectively.

= Reductions in annual oil imports of at least 600,000 barrels per day in 2030 and more than 7 million
barrels per day (mbpd) in 2050.

In addition, R&D activities being funded by EERE’s Solar Energy Program will help stimulate the

installation of an additional 34,085 MW of PV electricity generating capacity by 2030, compared to the

business-as-usual case.

Figure 8 provides context on the impact of the EERE portfolio on mitigating U.S. carbon dioxide

emissions. The long-term annual savings of 2,400 MMTCe in 2050 would return U.S. emissions to

1996 levels, absent any additional climate change policy.
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Million metric tons of CO2

Figure 8. Effect of EERE’s Portfolio on Carbon Dioxide Emissions
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Table 1. Projected Benefits of EERE Portfolio of Programs — Primary Metrics

Year
Metric' Model
2015 2020 2030 2050
_ [oit imports Reduction, cumulative? (Bil]  NEMS 0.1 0.3 1.7 N/A
= bbl) MARKAL 0.2 1.0 4.2 385
-
& [Natural Gas Imports Reduction, NEMS 18 6.1 19.8 N/A
g5 |cumulative (Tcf) MARKAL 3.3 9.3 28.5 118.0
-]
S Reduction in Share of Highway Fuel NEMS 0% 1% 1% N/A
Demand Derived from Crude Oil* (%) MARKAL ns ns 1% 19%
CO, Emissions Reduction, cumulative NEMS 638 2500 9988 N/A
<§ (Mil mtCO,) MARKAL 780 2657 10318 45416
E' . 4 NEMS ns ns ns N/A
- SO, Allowance Price Reduction® ($/ton)
‘2 MARKAL N/A N/A N/A N/A
E ) . NEMS 1013 2805 4133 N/A
= NO, Allowance Price Reduction ($/ton)
_§ MARKAL N/A N/A N/A N/A
>
S Hg Allowance Price Reduction (thousand NEMS ns ns ns N/A
$/Ib) MARKAL N/A N/A N/A N/A
. _ e NEMS 97 243 860 N/A
s Consumer Savings, cumulative” (Bil $)
s MARKAL 195 636 1932 6249
£
- Electric Power Industry Savings, NEMS 65 176 494 N/A
g cumulative (Bil $) MARKAL 48 181 541 1322
=
S Household Energy Expenditures NEMS 100 160 370 N/A
Reduction ($/househo|d/yr) MARKAL 176 332 588 2305
1. “Reductions” and “savings” are calculated as the difference between results from the baseline case (i.e. no DOE
technology) and the technology case (i.e. all DOE technology R&D programs are successful).
2. All cumulative metrics are based on results beginning in 2010.
3. Metric includes oil-derived fuel use by light-duty vehicles, commercial light trucks and freight trucks; the metric excludes
buses. Reported oil use is adjusted to exclude ethanol, biodiesel and CTL.
4. All monetary metrics are in 2006$.
5. Cumulative monetary metrics are in 2006$ that are discounted to 2010 using a 3% discount rate.
ns - Not significant
NA - Not yet available
N/A - Not applicable

Energy Efficiency and Renewable Energy/
Overview FY 2010 Congressional Budget

Page 23



Table 2. Projected Benefits of EERE Portfolio of Programs — Secondary Metrics

o Year
Metric Model
2015 2020 2030 2050
_ _ NEMS ns 0.2 0.7 N/A
> Oil Imports Reduction, annual (Mbpd)
= MARKAL 0.2 0.5 1.3 7.2
=
3 Natural Gas Imports Reduction, annual NEMS 0.5 1.0 15 N/A
g |(Teh MARKAL 0.9 1.4 2.4 5.3
E ) NEMS 1% 2% 5% N/A
MPG Improvement” (%)
MARKAL 1% 1% 7% 229%
CO, Intensity Reduction of US Economy|  NEMS 0.01 0.03 0.05 N/A
g (Kg CO2/3GDP) MARKAL 0.01 0.03 0.05 0.08
g *g CO, Intensity Reduction of US Power NEMS ns 0.01 0.04 N/A
=
g £ [Sector’ (Kg CO2/kwh) MARKAL ns 0.01 0.03 0.09
5 CO, Intensity Reduction of US NEMS ns 0.01 0.02 N/A
Transportation Sector* (Kg CO2/mile) MARKAL 0.01 0.01 0.04 0.22
_ . NEMS 30 53 137 N/A
Consumer Savings, annual® (Bil $)
- MARKAL 68 148 282 939
5
S |Electric Power Industry Savings, annual NEMS 21 37 66 N/A
% (Bil $) MARKAL 20 45 73 127
g Energy Intensity of US Economy NEMS 0.21 0.39 0.62 N/A
§  |(energy/$GDP) MARKAL 0.23 0.43 0.66 1.06
=
Net Energy System Cost Reduction, NEMS N/A N/A N/A N/A
cumulative (Bil $) MARKAL 687 1702 4143 9666
1. “Reductions” and “savings” are calculated as the difference between results from the baseline case (i.e. no DOE
technology) and the technology case (i.e. all DOE technology R&D programs are successful).
2. Change in light duty vehicles miles traveled per gallon of oil, where oil is only that derived from petroleum.
3. Emissions include all power sector emissions. Generation calculated as total net generation adjusted for estimated T&D
losses.
4. Emissions calculated using highway fuel use and related carbon emission factor. Miles calculated as highway miles
traveled, excluding buses.
5. All monetary metrics are in 2006$.
ns - Not significant
NA - Not yet available
N/A - Not applicable

The expected impact of the EERE portfolio on oil import reductions is less than in prior budget years,
primarily due to the inclusion of the EISA 2007 transportation sector-related mandates (RFS and CAFE)
in the baseline. Much of the increased production of cellulosic ethanol conversion technology and
increased light duty vehicle fuel efficiency that in prior years was attributed to EERE program activities
is now assumed to occur as a result of these policies, as opposed to RDD&D activities. While this
methodological choice has been made to preserve the philosophical integrity of the model, achieving the
aggressive mandated targets with minimum adverse impacts on the U.S. economy will depend on
successful current and future EERE RDD&D activities in these programs.
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While point estimates are presented, both mid-term and long-term modeling are dependent upon the

methodology and assumptions used, and could vary substantially around those points. Many key
external factors can affect the benefits estimates, including market and policy interactions, and the future
prices of oil, natural gas and electricity generation. Some of the uncertainties in the interaction effects

are reflected in the range of projected benefits from the two models used for this analysis.
These benefits result from the mix of interrelated investments supported by EERE’s budget request.

More efficient buildings and factories, for instance, provide the basis for distributed energy resources,
such as building integrated solar photovoltaic systems and combined heat and power cogeneration. In
addition to these “business-as-usual” benefits, EERE’s portfolio would provide the technical potential to
reduce conventional energy use even further if warranted by future energy needs. The development of

wide-spread sources of wind, solar, and biomass energy sources; new ways of using energy through

hydrogen and distributed power; and technologies that would fundamentally improve the basic
efficiency of homes, businesses, factories, and vehicles could facilitate substantial reductions in oil use

and convert a larger portion of the electricity system to decentralized capacity and renewable energy

sources to improve security and reliability. Further methodology, details and updates will be provided
by July 2009 at http://www1.eere.energy.gov/ba/pba/program_benefits.html.

Table 3 highlights some of the benefits associated with each of EERE’s programs. The estimates are not
directly comparable due to some differences in methodology and assumptions. The table provides
relative “order-of-magnitude” estimates while DOE continues to refine and standardize its methodology.

Table 3: Selected Projected Benefits by Program®

Consumer Savings, cum CO2 Emissions Reduction,| Oil Imports Reduction, Natural Gas Imports
(Bil 20068) (Mil:’li':: 02 (Bci:'::)l) Reduction, cum (Tef)
2030 2050 2030 2050 2030 2050 2030 2050
NEMS/MARKAL | MARKAL | NEMS/MARKAL | MARKAL | NEMS/MARKAL | MARKAL | NEMS/MARKAL | MARKAL
Hydrogen Technology 6/-67 56 166/ns ns 0.3/ns 9.3 0.8/ns -1.0
Biomass and Biorefinery Systems R&D 39/11 34 255/49 523 0.4/0.2 11 0.6/ns ns
Solar Energy 15/46 235 426/523 4795 ns/ns ns ns/ns 13.1
Wind Energy 113/97 279 1705/1760 8489 ns/ns ns 4.9/3.6 13.6
Geothermal Technology 22/ns 20 556/638 6817 ns/ns ns 1.5/0.2 9.3
Vehicle Technologies 40/150 998 277/1185 9558 0.7/2.8 234 0.1/ns 8.4
Building Technologies 439/1250 3417 5193/4787 18919 0.4/0.4 15 7.3/22.5 65.6
Industrial Technologies 293/333 792 3760/3579 11286 0.4/0.8 3.7 9.5/12.7 34.9
Federal Energy Management Program 6/23 37 50/48 107 ns/ns ns N/A /0.2 0.2
Weatherization and Intergovernmental 60/193 365 593/552 1339 0.2/ns 03 12022 3.9
Activities

& Table 3 metrics represent cumulative impacts for the periods 2010-2030, and 2010-2050. Prospective benefits do not include any
potential policy changes that might enhance technology deployment. In addition, some technologies show diminishing annual benefits by
2050 due to the assumption built into the analysis that industry progress, as reflected in the baseline, will eventually catch up with the more
accelerated progress associated with EERE program success. EERE's portfolio approach to RD&D affects benefits and the way they are
calculated. Total benefits reported for EERE's entire portfolio are usually less than the sum of the individual programs due to competition
between the technologies and resulting tradeoffs. For example, 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 added

impact of multiple EERE programs. Estimates reflect the benefits that may be possible, if all program technical targets are met and are

funded at levels consistent with assumptions in the FY 2010 Budget through the program completion year, which varies by program.

Not significant and N/A - Not applicable
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The American Recovery and Reinvestment Act (Recovery Act)

The Recovery Act of 2009 provided substantial new resources for EERE, which will expand the impact
of base activities, as well as initiate new programs to advance energy efficiency and renewable energy
RDD&D. Funds provided will allow EERE to advance geothermal technology development and
deployment, improve manufacturing processes for advanced car batteries, and weatherize hundreds of
thousands of homes. Energy Assistance programs such as the Weatherization Assistance Grants ($5.0
billion), State Energy Program ($3.1 billion), and Energy Efficiency and Conservation Block Grants
($3.2 billion) will help states and local communities advance energy efficiency efforts, help implement
the use of renewable energy and reduce energy costs. The Advanced Batteries Manufacturing Grants
($2.0 billion) and Transportation Electrification ($400.0 million) will advance the development and
deployment of vehicle technologies that support a transformation of advanced transportation means and
work toward meeting the President’s goal of deploying 1 million plug-in hybrid electric vehicles by
2015.

Strategic Themes, Goals and the Secretary’s Initiatives

A new strategic plan has not yet been established and approved by the Secretary of Energy. The
Secretary has established major priorities and initiatives. EERE programs have twelve GPRA Unit
Program Goals that contribute to seven of the Secretary’s top ten initiatives.

The Secretary’s top ten initiatives are:

= Energy Efficient Homes and Businesses: Funding provided through the states for homeowners and
businesses to take immediate steps toward energy efficiency — reducing heating and air conditioning
bills and creating jobs.

= Greening Federal Buildings: Provide funding for the federal government to improve the efficiency of
offices and buildings, reducing energy bills and creating jobs.

= Renewable Energy Projects: Accelerate the construction of solar, wind, geothermal and other
renewable energy generation facilities through a combination of loans and grants, creating jobs
immediately and provide the United States with clean energy supply for the long term.

= SmartGrid Technology and Transmission Infrastructure: Build the wires and infrastructure needed to
transport electricity across the country — from renewable energy plants to population centers,
reducing congestion and allowing for more clean energy — and improve the efficiency and reliability
of the existing grid.

= Clean Coal Technology: Develop and pilot innovative technologies for the emission-free coal plants
of the future, allowing our nation to safely utilize our abundant coal resources.

= Next Generation Biofuels: Provide loans and grants to accelerate the research and deployment of
cellulosic biofuels technologies to provide a clean alternative to imported fossil fuel sources.

= Science and Basic Research in the Energy Technologies of the Future: Investments in building and
renovating laboratories and scientific research facilities that will create jobs immediately and enable
the research on for technologies and innovations that will sustain American industry and provide new

energy and climate solutions over the longer term.
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= Battery Research and Advanced Vehicle Technologies: Loans and grants to support the development
of advanced vehicle batteries and battery systems to reinvigorate the U.S. auto industry, reduce the
U.S. dependence on foreign oil and transforming the way automobiles are powered.

= Advanced Research Project Agency-Energy (ARPA-E): Jump start advanced energy technologies by
funding high-risk, high-payoff research in collaboration with industry.

= Cleanup of Nuclear Legacy: Redouble the ongoing projects to clean up the radioactive waste from
cold war nuclear project sites, creating jobs and reclaiming lands for communities across the country.

Figure 9 aligns the current Strategic Plan with the Secretary’s priorities:

Figure 9: Program Contributions to Strategic Themes, Strategic Goals, and Secretarial Priorities

Strategic Theme 1. Energy Security
Strategic Goal 1. Energy Diversity 3. Energy 4. Energy
Infrastructure Productivity
Secretary’s Economic | Clean, Secure | Lower GHG Economic Clean, Secure
Priorities Prosperity | Energy Emissions Prosperity Energy
GPRA Unit | GPRA Unit
Program Program Title
Number
01 Fuel Cell Tech. O O [ O
02 Vehicle Tech. o u o m]
03 Solar Energy o o = o
04 Wind Energy o o = o
05 Geothermal Energy o o = o
06 Bioma.ss and ] | ] o
Biorefinery R&D
07 FEMP O L
08 Water Power o L o
19 Industrial Tech. O O L
20 Building Tech. i o u
21 Weatherization O L
22 State Energy Prog. o u
m = primary focus O = concurrent contribution

Basic and Applied R&D Coordination

Coordination between the Department’s basic research and applied technology programs is a high
priority for the Secretary of Energy. The Department has a responsibility to coordinate its basic and
applied research programs in headquarters to enable effective basic-applied R&D integration by the
science and technology communities (e.g., National Laboratories, universities, and private companies)
that support the DOE mission. EERE efforts focus on the following categories:

Energy Efficient Homes and Businesses
Building Technologies

= Connects basic and applied sciences by developing the next generation of highly efficient
technologies and practices for both residential and commercial buildings through Emerging
Technologies R&D activities.
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= Re-energizes the national labs to develop the next generation of advanced building technologies and
systems integration through continued investment in national laboratory building technology R&D
and demonstration site activities.

= Integrates national laboratory, university, and industry activities through public/private alliances,
cost share, and technical advisory efforts in building technology R&D activities.
Industrial Technologies

= Connects basic and applied sciences and re-energizes the national labs by bringing together industry,
national laboratories, and academia to spur innovations that work in real industrial environments to
save energy and reduce emissions.

= Integrates national laboratory, university, and industry activities by competitively awarding cost-
shared funding to collaborative research teams that rely on industry’s active participation to ensure
that the technologies meet real-world criteria, thus accelerating technology commercialization.

Renewable Energy Projects

Solar Energy

= Re-energizes the national labs through lab facility improvements and increased hiring of post-
doctoral students.

= Integrates national laboratory, university, and industry activities through joint solicitations on topics
such as thermal storage.

= Connects basic and applied sciences through collaborations with DOE’s Office of Science, the
National Institute of Standards and Technology (NIST) and the National Science Foundation (NSF).

Wind Energy

= Supports basic and applied research for advanced wind turbine components, materials and analytical
modeling.

Geothermal Technology

= Coordinates and shares research globally and supports developing world clean energy through the
International Partnership on Geothermal Technology.

Biomass and Biorefinery Systems R&D (as below)

= Coordinates with Doe’s Office of Science in key technology areas, such as developing
transformational technologies to overcome biomass recalcitrance.

Water Power

= Partners with national labs, universities, and industry to develop, demonstrate and deploy new and
innovative water power conversion technologies and assess the resource potential from untapped
wave, current and ocean thermal technologies.

= Supports the development of expertise and capabilities between Congressionally-mandated National
Marine Renewable Energy Centers.

= Engages in international collaboration for research and development of marine and hydrokinetic
technologies and provides US input to the global community on developing international standards
for marine and hydrokinetic energy technologies.

SmartGrid Technology and Transmission Infrastructure

The Solar Energy, Wind Energy, Geothermal Technology, Biomass and Biorefinery Systems R&D, and
Water Power programs contribute to Smart Grid technology and infrastructure coordination as described

within this section.
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Next Generation Biofuels
Biomass and Biorefinery Systems R&D

= Coordinates with DOE’s Office of Science, National Science Foundation, and academic institutions
to ensure that the program’s R&D work being conducted by national laboratories, universities, and
industry partners remains at the cutting edge of scientific innovation.

The Vehicle Technologies Program also contributes to coordination on Next Generation Biofuels.

Science and Basic Research in the Energy Technologies of the Future

The Fuel Cell Technology, Vehicle Technologies, Solar Energy, Wind Energy, Geothermal Technology,
Biomass and Biorefinery Systems R&D and Water Power programs contribute to science and basic
research coordination as described within this section.

Battery Research and Advanced Vehicle Technologies
Vehicle Technologies

= Connects basic and applied sciences through computational science, nanoscience, and national
laboratory coordination.

Fuel Cell Technologies

= Connects basic and applied science including nanoscience, biological hydrogen production, and
hydrogen interactions with material surfaces.

= Re-energizes the national labs and integrates national laboratory, university, and industry activities
through Hydrogen Centers of Excellence and encouraging teaming for competitive funding awards.

= Coordinates plans with other DOE offices involved in related research.

= Partners with the International Partnership for a Hydrogen Economy (IPHE), International Energy
Agency (IEA) and other international organizations.

REgaining ENERGY Science and Engineering Edge (RE-ENERGYSE)

The Department is undertaking a broad educational effort that cuts across program offices to inspire
students and workers to pursue careers in science, engineering, and entrepreneurship related to clean
energy. The Regaining ENERGY Science and Engineering Edge (RE-ENERGYSE) is a new initiative
to focus on a number of critical areas that will build the foundation of a vibrant American workforce to
participate in the green economy. The Office of Energy Efficiency and Renewable Energy will
participate in RE-ENERGYSE, which involves a number of important efforts:

o An education and outreach campaign that uses a variety of media technologies to teach
students about the role that science and technology can play in addressing our energy
challenges

o Energy research opportunities for undergraduates

o Educational opportunities for women and underrepresented minorities who seek careers
in the clean energy sector

o Partnerships between industry and two-year and four-year colleges to strengthen
education for technicians in the clean energy sector, focusing on curriculum
development, teacher training, and career pathways from high schools to community
colleges
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o Interdisciplinary energy graduate programs at the master’s and Ph.D. level that integrate
science, engineering, entrepreneurship, and public policy

o Individual fellowships to graduate students and postdoctoral researchers involved in the
frontiers of clean energy research

Energy Innovation Hubs (Hubs)

The Office of Energy Efficiency and Renewable Energy takes part in the Department’s multi-
disciplinary Energy Innovation Hubs (Hubs), which focus on critical science and technology for high-
risk, high-reward research to revolutionize how the U.S. produces, distributes, and uses energy. Hubs
will promote energy security and reduce greenhouse gas emissions. They will also strengthen the
Nation’s economy by coordinating teams of experts from multiple fields to blend technology
development, engineering design, and energy policy. Finally, they will develop the critical areas of
expertise needed for the green economy. The Office of Energy Efficiency and Renewable Energy will
support 2 hubs that specifically focus on Solar Electricity and Energy Efficient Building Systems
Design.

Facilities Maintenance and Repair

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

Indirect-Funded Maintenance and Repair

(dollars in thousands)

FY 2008 FY 2009 FY 2010
National Renewable Energy Laboratory 2,512 2,043 2,166
Total, Indirect-Funded Maintenance and Repair 2,512 2,043 2,166

Direct-Funded Maintenance and Repair

(dollars in thousands)

FY 2008 FY 2009 FY 2010
National Renewable Energy Laboratory 1,415 2,200 4,000
Total, Direct-Funded Maintenance and Repair 1,415 2,200 4,000
Significant Changes
Fuel Cell Technologies

The Fuel Cell Systems sub-program consolidates and refocuses efforts in three previously funded sub-
programs, Fuel Cell Components R&D, Distributed Energy Fuel Cell Systems and Fuel Processor R&D.
By focusing Fuel Cell Systems R&D on materials, stack components, balance-of-plant and integrated
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fuel cell systems, and by reducing system demonstrations, the resultant budget is more streamlined than
the sum of the activities that were funded in the previous sub-programs.

The elimination of hydrogen production, delivery, and storage activities, along with Transportation Fuel
Cell Systems, Manufacturing R&D, Education, Safety and Codes & Standards, and Technology
Validation reflects a rebalancing of R&D priorities and acceptable technical risk among all EERE
programs and within the Fuel Cell Technologies Program.

The resulting funding request is decreased by $100.8 million (-59.6%) from FY 20009.
Biomass and Biorefinery Systems R&D

The Biomass and Refinery Systems R&D program is requesting an $18 million (8.3%) increase in
funds. In Feedstock Infrastructure, a $12.0 million (77%) funding increase will support the expansion of
projects needed to address potential environmental sustainability barriers. Dedicated energy cropping
trials will allow for the measurement of the effects on key environmental criteria including carbon,
water, and nutrient fluxes to establish best practices for future feedstock development efforts.

In Thermochemical Platform R&D, an increase of $7.4 million (37%) is due to the final phase of
funding for projects initiated in FY 2008 and FY 2009. In addition, a competitive solicitation is planned
to develop technology for integrated syngas to infrastructure-ready fuels. The solicitation will target
established industrial partners, include fuel synthesis, and total $40 million between FY2010 and
FY2014 in support of the EISA 2007 RFS targets for advanced biofuels.

Solar Energy
The Solar Energy program requests an increase in funding of $145.0 million (83%).

The $4.5 million (3%) increase in funding for the Photovoltaic (PV) Energy Systems subprogram is a
result of combining projects formerly funded under Applied Research, Systems Development,
Technology Evaluation, and Technology Acceptance activities that focused solely on PV into a single
key activity.

The $48.4 million (161%) increase in funding for the Concentrating Solar Power (CSP) subprogram
reflects the additional Federal funding commitments. The trough and advanced components solicitation
moves into Phase Il ($14M), the thermal storage solicitation moves into Phase 11 ($9M), the baseload
CSP solicitation is fully funded in Phase | ($15M), and a pilot solar zone will be established ($20M) as a
new activity in FY 2010.

The Systems Integration and Market Transformation efforts related to CSP have been moved to new
subprograms to be combined with similar efforts in PV. This allows these activities to be managed more
effectively and reflects their crosscutting nature. Funding of $29.7 million for Systems Integration
includes an increased effort in addressing grid integration issues specific to the high penetration of solar
technologies. Funding of $27.5 million for Market Transformation reflects increased efforts in
workforce development and technical outreach.

In addition, the increase in funding request is related to expanding PV Manufacturing initiatives and the
new Solar Electricity Energy Innovation Hub ($35.0 million) which will incorporate cutting edge
research in both PV and CSP technology areas.

Wind Energy

Wind Energy is requesting a $20.0 million (36.4%) increase. An increase of $13.4 million (42%) is
requested for the Technology Viability subprogram, which includes a $10.7 million (240%) increase for
Low Wind Speed Technology. An increase of $6.56 million (29%) is requested for the Technology
Application subprogram, to further prepare and accelerate the adoption of wind technologies.
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Geothermal Technology

The Geothermal Technology program is requesting a $6.0 million (13.6%) increase for Enhanced
Geothermal System (EGS) funds to expand R&D scope in the areas of reservoir stimulation, fracture
mapping and fluid circulation. EGS demonstration site analysis will also be enhanced.

Water Power

Water Power projects initially funded in FY 2008 are expected to be completed in FY 2010, requiring
$10 million less (-25%) in funds.

Vehicle Technologies

The Vehicle Technologies program is requesting an overall increase of $60.1 million (22%) in funding
across five of its subprograms.

An increase of $32.2 million (153%) is requested for Vehicle and Systems Simulation and Testing to
increase the number of PHEVs built by vehicle manufacturers and evaluated in the PHEV Technology
Acceleration & Demonstration Activity. Energy Storage R&D funding is increased by 8.0 million
(11%). A $12.7 million (73%) increase is requested for Advanced Power Electronics and Electric
Motors R&D to initiate a new solicitation for industry contracts to develop power electronics and
electric machines to meet the challenges associated with increased vehicle electrification.

Increases in funding are requested for the Advanced Combustion Engine R&D subprogram. The Solid
State Energy Conversion activity is requesting an increase of $4.2 million (91%) and the Combustion

and Emission Control activity is requesting an increase of $12.1 million (34%) for the development of
advanced combustion engines that can achieve FreedomCAR and 21st Century Truck efficiency goals
while maintaining cost and durability levels and achieving near-zero regulated emissions.

An increase of $11.7 million (52%) is requested for the Lightweight Materials Technology activity to
develop materials processing technology and engineering solutions that can contribute to meeting
aggressive weight reduction goals for vehicles.

Technology Validation, Education, and Safety and Codes and Standards activities are transferred from
the Vehicles Technologies Program to the Fuel Cell Technologies Program as part of a reprioritization
of fuel cell and hydrogen-related work.

Building Technologies

The Buildings Technology (BT) program requests an increase of $97.7 million (70%) across five of its
subprograms. An $18.1 million (83%) increase is requested for the Residential Buildings Integration
subprogram, which will allow BT to continue research at the 40 percent efficiency level for the hot-
humid climate, begin testing strategies to reduce energy use in multifamily buildings, and begin testing
strategies to achieve a 50 percent reduction in energy use in single family homes.

An increase of $7.0 million (21%) is requested to accelerate the RD&D of 50 to 70 percent reduced
energy consumption through Commercial Building National Accounts and Energy Alliances in three
commercial building segments: Retail, Commercial Real Estate, and Hospitals. Two additional Energy
Alliances will be launched in FY 2010: Colleges and Universities, and State and local Government.
Lighting R&D requests $5.3 million (-22%) less due to a focus on the most promising topic areas in
progress and a down-selected portfolio of R&D projects. Space Conditioning and Refrigeration R&D
requests an increase of $5.7 million (173%) to focus on affordable advanced materials, components,
refrigeration cycles and systems that improve system energy consumption.
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An increase of $7.3 million (84%) is requested for the Building Envelope R&D subprogram, allowing
for Thermal Insulation and Building Materials demonstrations and evaluations and helping the Windows
Technologies activity to achieve cost effective R10 windows.

The Energy Innovation Hub will be established with $35.0 million in new funding, and will serve as an
R&D institute that focuses on integrating smart materials, designs, and systems to tune buildings to
conserve energy and control the allocation of lighting, heating, air conditioning, and electricity.

An increase of $8.7 million (41%) is requested for the Technology Validation and Market Introduction
subprogram, which includes an increase of $7.5M (100%) for the ENERGY STAR program.

Industrial Technologies

Requested funding for the Industrial Technologies program is increased by $10.0 million (11.1%). The
Specific Industries of the Future subprogram requests a $3.0 million (-19%) reduction. In contrast, the
funding requested for the Crosscutting Industries of the Future subprogram is increased by $13.0 million
(17%), reflecting increased funding for a strategic expansion of Save Energy Now (SEN) activities
through new targeted corporate outreach efforts with the most energy intensive industries in order to
achieve improved results.

Federal Energy Management Program

The Federal Energy Management Program requests a $10.3 million (46.7%) increase in funds. The
requested increase in funding for the Project Financing subprogram of $4.1 million (51%) will help meet
the more aggressive goals of the National Energy Conservation Policy Act (NECPA) and support a
greater use of Energy Savings Performance Contracts (ESPCs) by Federal agencies with a larger, more
coordinated team of project facilitators, Federal financial specialists, and other technical expertise.

A requested increase in funding of $4 million (100%) for the Technical Guidance and Assistance
subprogram will support expanded assistance to Federal agencies in the procurement of energy efficient
products by updating the product specifications annually and providing dedicated training and outreach
to Federal procurement officials.

Facilities and Infrastructure

Facilities and Infrastructure is requesting a $13.0 million (-17.1%) decrease in Operations and
Maintenance and Construction costs. Of the funds requested, an increase of $7 million is allocated to
General Plant Projects and $44 million to STM Ingress/Egress and Traffic Capacity Upgrades.

Funding requests are reduced in three other areas. General Capital Equipment is reduced by $10
million, the South Table Mountain Infrastructure, Zone 11, is reduced by $13 million as this project was
fully funded in FY 2009, and a request for a final funding installment of $41 million for the Energy
Systems Integration Facility is deferred.

Weatherization and Intergovernmental Activities

Requested funding for the Weatherization Assistance Grants and Technical and Training Assistance
subprogram is decreased by $215.0 million (41.7%) due to availability of funding from the Recovery
Act.

State Energy Program (SEP) Formula Grants and Special Projects are requesting an increase of $12.5
million each (50% each). The increase in SEP Formula Grants will support the expansion of state
capabilities to deploy energy efficiency and renewable energy technology to local government,
businesses, and consumer. The increase in SEP Special Projects will support enhanced technical
assistance to states, continued development of web-based reporting and monitoring systems, and
additional competitive grants for high impact and crosscutting state energy projects.
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EERE proposes to transfer the International Renewable Energy Program from Weatherization and
Intergovernmental Activities to the Program Support line item.

RE-ENERGYSE (REgaining our ENERGY Science and Engineering Edge)

EERE requests new funding of $115.0 million to initiate a program to develop the next generation of
highly skilled U.S. workers. Through new scholarships and job training programs, RE-ENERGY SE
will help to provide a workforce which will accelerate the research, development, and deployment of
technologies providing affordable, abundant, and clean energy.

Program Direction

An increase of $110.5 million (86.6%) is requested for Program Direction at Headquarters, a $35.4
million (133%) increase is requested for the Golden Field Office, and a $26.3 million (184%) increase is
requested for the National Energy Technology Laboratory.

An increase of $52.4 million (67%) is requested for Salaries and Benefits to hire the 253 additional
Federal employees required to advance priorities for RD&D of EERE programs, business
administration, and increased project management and oversight. Support Services requests an increase
of $38.3 million (138%) due to the requirement to hire additional supporting contractor staff, services,
and substantial expansions of IT, communications, and network systems. Other Related Expenses
requests a $17.0 million increase (104%) to contract additional workspace and the corresponding
support systems required for new Federal and contractor staff, both at Headquarters and at the Project
Management Centers.

Program Support

Previously, funding for the Strategic Priorities and Impact Analysis and Commercialization activities
were implemented via support from across the EERE portfolio. To improve transparency, these
activities are being described and funded under a separate line-item. Program Support requests that
Strategic Priorities and Impact Analysis receive $43.0 million and that Commercialization receive $45.0
million to meet evolving challenges and opportunities, as well as the needs of the public and the
Administration.

EERE proposes to move the International subprogram from the Weatherization and Intergovernmental
program to Program Support for FY 2010, with a request of $10 million. Implementation of these
efforts from the corporate level will better serve, coordinate, and integrate international activities across
the EERE portfolio.

Key Accomplishments

In pursuit of the scheduled individual targets completed by the programs in FY 2008 and FY 2009,
several noteworthy related system delivery accomplishments and intermediate steps took place in FY
2009. Some noteworthy examples include:

Fuel Cell Technologies made significant progress with its partners in several critical areas: The Fuel
Cell Technologies program and 3M extended the durability of a membrane electrode assembly to over
7,300 hours in the lab. The lower platinum content of alloy catalysts contributed to a reduction in the
modeled cost for large-scale production of 80kW fuel cell systems from $94/kW in 2007 to $73/kW.
The program, HRL Laboratories LLC and the Lawrence Livermore National Laboratory have achieved a
60 fold increase in hydrogen desorption rates by incorporating hydrogen storage materials such as
LiBH, (lithium borohydride) into a carbon aerogel scaffold. To accelerate early market acceptance, the
program and the Defense Logistics Agency (DLA) Defense Distribution Center Susquehanna in New
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Cumberland, PA commissioned 20 fuel cell-powered fork lifts, which have lower life cycle costs than
the battery-electric fork lifts that they replace.

Biomass and Biorefinery Systems R&D established 36 cellulosic herbaceous energy crop and corn
stover removal trials under the Regional Biomass Energy Feedstock Partnership. The program has also
achieved a modeled cost of a mixed, dilute sugar stream suitable for fermentation to ethanol of $0.13/Ib
sugars (equivalent to $2.39 per gallon of cellulosic ethanol, in $2007) through the formulation of
improved enzyme mixtures and pretreatments. Additionally, a modeled ethanol selling price (MESP) of
$1.92 per gallon (in $2007) has been achieved for thermochemical gasification followed by mixed
alcohol synthesis and ethanol separation. Four commercial scale cellulosic ethanol biorefinery projects
have been issued awards, the first currently under construction. Of eight selected smaller scale
biorefinery partners, seven have been issued awards while negotiations are underway for the eighth
award. The program continues to advance biofuels R&D work at the cutting edge by awarding $12
million in thermochemical and $19 million in biochemical conversion R&D projects in 2008 to
competitively selected private sector companies and universities.

Solar Energy worked with Sandia National Laboratory and Stirling Energy Systems (SES) to set a new
solar-to-grid system conversion efficiency record of 31.2 percent, which surpassed the prior world
record of 29.4 percent set in 1984. The latest dish system incorporates key performance improvements
over previous versions: low-iron glass to improve mirror reflectivity, highly-accurate mirror facets, a
high efficiency generator, and an upgraded radiator system. The dish was also redesigned to eliminate
nearly 6,000 pounds from the structure while making it more resistant to wind loads. SES will deploy
this technology through power purchase agreements for two plants in California totaling 800 MW to
1,750 MW.

Wind Energy completed negotiations with GE and Siemens to install two utility scale turbines at the
National Wind Technology Center for performance and reliability R&D. A small wind independent
testing program was launched to improve turbine safety and consumer confidence. Interconnection
studies for key regions of the U.S. were completed in support of efforts on increasing wind penetration
on the electric grid.

Geothermal Technology competitively selected four field sites (in California, Nevada, and Idaho) to
demonstrate EGS technology and selected 17 research projects designed to advance component EGS
technology. If successful, the demonstration sites could result in over 400 MW in new grid capacity.
The Program also signed an International Partnership on Geothermal Technology that will address 16
research topics essential for EGS, and partnered with the U.S. Geological Survey for an assessment of
electric power generation potential for identified conventional resources (9,000 MW), undiscovered
conventional resources (30,000 MW), and EGS resources (500,000 MW) in the western U.S.

Water Power, established in FY 2008, has completed the initial phase of developing a global database
of marine and hydrokinetic technology projects and technologies, which aids in technology
characterization, assessment and identification of water resources. The program successfully completed
its first phase of funding of marine and hydrokinetic R&D projects in the areas of technology
development and deployment, resource and cost assessments, and environmental impact studies. The
program began a nation-wide assessment of the existing domestic hydropower fleet to build an
integrated, higher-resolution database from available Federal and non-Federal sources to describe the
current state of the hydropower infrastructure in the U.S. (age, type, ownership, etc.), generation patterns
from these assets, and associated water availability and use.

Vehicle Technologies accelerated activities focused on developing and demonstrating plug-in hybrid
components (electric motors, batteries, and power electronics) and vehicles. PHEV demonstrations
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inform the research program and evaluate technology readiness. The program verified progress toward
its combustion efficiency goal by demonstrating a 43 percent peak brake efficiency on a GM 1.9 liter
passenger car diesel engine, a 43 percent improvement over an equivalent conventional gasoline engine.
For hybrid electric vehicles (HEV), the program’s research and modeling demonstrated that in high
volume production HEV battery cost has been reduced to about $25/kW, approaching the 2010 goal of
$20/kW. Battery research success led one partner to begin commercial production of its advanced Li-
ion HEV battery.

Building Technologies addressed prior year constraints and returned to its schedule for addressing
efficiency standards and test procedures for existing covered products, as well as new EPAct 2005 and
EISA 2007 inclusions. In the past three years, final rules were issued addressing the energy
conservation standards for nine products: Package Terminal Air Conditioners and Heat Pumps,
Distribution Transformers, Residential Furnaces, Small Furnaces, Mobile Home Furnaces, Residential
Boilers, Small Electric Motors (Determination), Ceiling Light Fan Kits, and Commercial Refrigeration
Equipment. The program established ENERGY STAR criteria for solid state lighting (SSL) products
(effective in September 2008) and for advanced water heater products, clothes washers, dishwashers and
CFL (effective January 2009). The SSL R&D activities demonstrated new LED and OLED luminaires
that rival traditional lighting options.

Industrial Technologies (ITP) developed advanced technologies collaboratively with industry, ranging
from new membrane-based technologies for low-energy chemicals production to wireless sensor
systems for equipment monitoring, and major commercial sales activities. The new technologies are
expected to produce energy savings of 487 trillion Btus in 2020, with carbon emissions reductions of 4.7
MMTCe. R&D activities supported by ITP won three R&D 100 awards in 2008. ITP is recognized for
its highly successful deployment effort. ITP has completed 2,053 Save Energy Now assessments,
resulting in over $190 million per year in energy cost savings activities implemented in those plants,
with plans for additional activities valued at more than $372 million in annual savings.

The Federal Energy Management Program helped Federal agencies save 49 trillion Btu as a result of
FEMP facilitation activities in FY 2008, more than doubling its annual target. Accomplishments in FY
2008 include 14 new Super ESPC contracts awards government wide, with a project investment of $244
million and a corresponding guaranteed cost savings of nearly $608 million; Utility Energy Service
Contract project investment of over $120 million, more than 40 percent over 2007 levels; and assistance
to agencies in the purchase of 159 GW of wind power and 135 GW of Renewable energy Certificates,
equivalent to the annual electricity use of approximately 27,000 American households.

Weatherization and Intergovernmental Activities continued to provide substantial climate change
benefits through accelerating the deployment of clean energy technologies and sustainable energy
policies. Significant accomplishments related to climate change include: facilitating the standardization
of renewable energy certificate trading programs; managing a comprehensive partnership with the
Nation’s utilities to put energy efficiency on an even footing with energy generation to meet the
Nation’s energy needs; and initiating a national effort with States and the energy services industry to
accelerate the use of ESPCs in state and local government buildings, schools, universities and hospitals.

The Office of Technology Advancement and Outreach (a subprogram of Program Support)
successfully launched a national energy efficiency public information campaign in FY 2008. The
campaign includes public service announcements on television, radio, and online. The announcements
are focused on raising consumer awareness and providing simple suggestions for consumers to save
energy.
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Office of Energy Efficiency and Renewable Energy

Ames Laboratory
Vehicle Technologies
Industrial Technologies

Total, Ames Laboratory

Argonne National Laboratory (East)

Fuel Cell Technologies

Biomass and Biorefinery Systems R&D

Solar Energy

Wind Energy
Geothermal Technology
Water Power

Vehicle Technologies
Industrial Technologies
Program Support

Total, Argonne National Laboratory

Brookhaven National Laboratory
Fuel Cell Technologies
Solar Energy
Wind Energy
Vehicle Technologies
Industrial Technologies
Program Support

Total, Brookhaven National Laboratory

Funding by Site by Program

(dollars in thousands)

Golden Field Office/Project Management Center

Biomass and Biorefinery Systems R&D

Solar Energy
Wind Energy

FY 2008 FY 2009 FY 2010
0 340 1,849
540 1,985 604
540 2,325 2,453
15,082 9,890 5,600
2,265 2,650 2,920
1,400 2,080 2,000
275 554 756
45 500 500
0 15 0
24,992 18,216 29,274
1,740 73 1,780
251 255 6,255
46,050 34,233 49,085
2,250 3,000 1,200
470 470 470
0 18 25
600 980 980
60 60 0
400 672 672
3,780 5,200 3,347
1,300 2,665 2,700
71,231 77,063 189,761
1,478 4,173 12,691
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(dollars in thousands)

FY 2008 FY 2009 FY 2010
Geothermal Technology 13,848 30,000 30,000
Water Power 7,566 37,742 28,915
Weatherization and Intergovernmental Activities 8,900 9,000 4,500
Congressionally Directed Projects 186,664 228,803 0
Program Direction 24,308 26,544 61,910
Program Support 900 1,243 2,486
Total, Golden Field Office 316,195 417,233 332,963
Idaho National Laboratory
Fuel Cell Technologies 200 0 0
Biomass and Biorefinery Systems R&D 10,045 8,266 10,651
Wind Energy 1,000 906 1,235
Geothermal Technology 0 350 250
Water Power 50 50 50
Vehicle Technologies 3,935 4,324 14,374
Industrial Technologies 400 203 1,320
Federal Energy Management Program 201 0 0
Total, Idaho National Laboratory 15,831 14,099 27,880
Lawrence Berkeley National Laboratory
Fuel Cell Technologies 2,960 2,500 2,000
Wind Energy 945 468 638
Geothermal Technology 1,342 2,000 1,000
Vehicle Technologies 9,500 9,229 9,729
Building Technologies 9,162 11,945 19,980
Industrial Technologies 1,250 1,500 1,315
Federal Energy Management Program 2,200 2,200 3,227
Program Support 90 151 6,151
Total, Lawrence Berkeley National Laboratory 27,449 29,993 44,040
Lawrence Livermore National Laboratory
Fuel Cell Technologies 4,313 1,500 300
Solar Energy 0 0 150
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(dollars in thousands)

FY 2008 FY 2009 FY 2010
Wind Energy 490 999 1,362
Vehicle Technologies 3,275 5,054 4,354
Industrial Technologies 0 75 0
Total, Lawrence Livermore National Laboratory 8,078 7,628 6,166
Los Alamos National Laboratory
Fuel Cell Technologies 14,401 13,000 6,000
Biomass and Biorefinery Systems R&D 200 248 0
Wind Energy 125 111 151
Vehicle Technologies 367 3,876 1,866
Industrial Technologies 60 60 750
Total, Los Alamos National Laboratory 15,153 17,295 8,767
National Energy Technology Laboratory
Fuel Cell Technologies 972 70 0
Biomass and Biorefinery Systems R&D 200 350 0
Wind Energy 168 65 89
Geothermal Technology 19 0 0
Water Power 14 0 0
Industrial Technologies 645 650 675
Federal Energy Management Program 2,787 3,740 5,486
Program Direction 12,933 14,231 40,480
Total, National Energy Technology Laboratory 17,738 19,106 46,730
National Renewable Energy Laboratory
Fuel Cell Technologies 28,717 8,773 1,500
Biomass and Biorefinery Systems R&D 32,898 38,827 32,250
Solar Energy 69,754 65,351 71,157
Wind Energy 33,217 34,607 38,190
Geothermal Technology 1,630 2,000 1,000
Water Power 904 383 300
Vehicle Technologies 17,634 21,939 19,931
Building Technologies 8,328 10,858 18,161
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(dollars in thousands)

FY 2008 FY 2009 FY 2010
Industrial Technologies 1,295 795 790
Federal Energy Management Program 3,762 3,300 4,842
Facilities and Infrastructure 76,176 76,000 63,000
Weatherization and Intergovernmental Activities 800 4,150 4,080
Program Support 6,066 10,167 45,167
Total, National Renewable Energy Laboratory 281,181 277,150 300,368
Oak Ridge National Laboratory
Fuel Cell Technologies 10,097 6,665 2,300
Biomass and Biorefinery Systems R&D 10,531 9,277 7,205
Solar Energy 390 276 250
Wind Energy 644 1,082 1,476
Geothermal Technology 309 300 0
Water Power 518 550 50
Vehicle Technologies 42,653 45,195 53,734
Building Technologies 7,672 10,002 16,731
Industrial Technologies 7,221 7,510 8,920
Federal Energy Management Program 2,708 2,860 4,195
Weatherization and Intergovernmental Activities 0 5,500 3,500
Program Support 315 529 6,529
Total, Oak Ridge National Laboratory 83,058 89,746 104,890
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Pacific Northwest National Laboratory
Fuel Cell Technologies
Biomass and Biorefinery Systems R&D
Solar Energy
Wind Energy
Water Power
Vehicle Technologies
Building Technologies
Industrial Technologies
Federal Energy Management Program
Program Support

Total, Pacific Northwest National Laboratory

Sandia National Laboratories
Fuel Cell Technologies
Biomass and Biorefinery Systems R&D
Solar Energy
Wind Energy
Geothermal Technology
Water Power
Vehicle Technologies
Federal Energy Management Program
Weatherization and Intergovernmental Activities
Program Support

Total, Sandia National Laboratories

Savannah River National Laboratory
Fuel Cell Technologies

Total, Savannah River National Laboratories

Energy Efficiency and Renewable Energy/
Funding by Site

(dollars in thousands)

FY 2008 FY 2009 FY 2010
9,447 6,490 2,300
10,377 11,105 9,080
0 0 300
832 989 1,349
50 150 50
6,835 13,575 14,675
12,916 16,839 28,166
1,600 1,870 1,475
1,572 1,980 2,904
446 859 6,859
44,075 53,857 67,158
11,436 4,800 700
300 450 450
15,983 17,316 34,313
7,586 7,475 9,193
1,470 1,700 1,700
150 50 50
8,443 14,152 11,642
253 220 323
550 500 500
350 1,000 1,000
46,521 47,663 59,871
2,100 2,350 200
2,100 2,350 200
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Washington Headquarters
Fuel Cell Technologies
Biomass and Biorefinery Systems R&D
Solar Energy
Wind Energy
Geothermal Technology
Water Power
Vehicle Technologies
Building Technologies
Industrial Technologies
Federal Energy Management Program
Weatherization and Intergovernmental Activities
Re-ENERGYSE
Program Direction
Program Support
Total, Washington Headquarters

Total, Energy Efficiency and Renewable Energy

(dollars in thousands)

FY 2008 FY 2009 FY 2010
104,266 109,922 46,113
127,517 143,162 169,744

7,092 12,444 21,599
2,274 3,553 7,845
644 7,150 15,550
402 1,060 585
90,125 136,358 170,894
69,304 90,356 154,660
48,381 75,219 82,371
6,335 7,700 11,295
271,967 496,850 288,420
0 0 115,000
66,816 86,845 135,727
1,983 3,281 44,881
797,106 1,173,900 1,264,684
1,704,855 2,191,778 2,318,602

Major Changes or Shifts by Site

National Renewable Energy Laboratory

Facilities and Infrastructure

= General Plant Projects increases to complete required maintenance and provide upgrades necessary
to maintain the capabilities of EERE’s existing real property and related infrastructure at NREL.
Increase in Energy Systems Integration Facility provides the final funding to complete the facility
and maintain existing schedule for renewable energy research activities which are scheduled to
begin in the 4™ quarter of FY 2012. The increase to South Table Mountain will extend the roads and
utilities into the southern portions of NREL's primary site, develop storm water management
features necessary to meet environmental requirements and build a parking structure necessary to
address the increase in research and support staff at the site.
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Fuel Cell Technologies

= The significant reduction in funding at NREL from FY 2009 to FY 2010 is reflective of decreases in
three subprograms and a refocusing of the overall program. Production and Delivery R&D funding
is zero in FY 2010, as is Storage R&D. Systems Analysis funding is significantly reduced.

Washington Headquarters
Fuel Cell Technologies

= The Fuel Cell Technologies budget declines from FY 2009 to FY 2010, reflecting a significant
reduction in Systems Analysis, a restructuring of funding for fuel-cell-related R&D, and termination
of funding for hydrogen production and delivery and hydrogen storage.

Building Technologies Program

= In FY 2010, there will be a focus on support to Builders Challenge at 30 percent energy savings in
thousands of new single family homes and to research strategies to support home performance
contracting to achieve 30 percent reductions in energy use in existing homes

= InFY 2010, RD&D of 50 to 70 percent reduced energy consumption will be accelerated through
Commercial Building National Accounts and Energy Alliances in three commercial building
segments (retail, commercial real estate, and hospitals).

= The total Vehicle Technologies budget increased from FY 2009 to FY 2010. The increase reflects
acceleration of development of plug-in hybrid electric vehicles (PHEVs) and a renewed emphasis on
commercial vehicle R&D to improve energy efficiency.

Site Description
Ames Laboratory
Introduction

Ames Laboratory is a multi-discipline laboratory located in Ames, lowa, providing support to Vehicle
Technologies and Industrial Technologies.

Vehicle Technologies

Ames Laboratory is conducting research on new materials with unique properties. It also is working on
power electronics to improve magnetic powders for bonded permanent magnets.

Industrial Technologies

Ames Laboratory performs research in Industrial Materials and Nano-Manufacturing activity areas.
Research is especially focused on nano-composites that improve degradation resistance and improve
mechanical life of industrial tools and mechanical components subject to wear. In Nano-Manufacturing
the use of nano-particles for biorefining of non-food feedstocks is also being explored.
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Argonne National Laboratory East
Introduction

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

Fuel Cell Technologies

ANL is the lead laboratory in fuel cell system analysis as well as fuel cell testing and benchmarking.
ANL is developing non-platinum cathode electrocatalysts based on bimetallic particles with a base
metal core and a noble metal shell to reduce the cost of fuel cell systems.

Biomass and Biorefinery Systems R&D

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

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

Solar
ANL will work on a Programmatic Environmental Impact Statement for CSP technologies.
Wind Energy

ANL will assess and report on the state of the art for wind forecasting, develop advanced wind
forecasting techniques, report on operational practices for application of wind forecasting, and develop
improved methods for utility control room management.

Geothermal Technology
ANL will conduct strategic planning and analysis in support of enhanced geothermal technologies.
Water Power

ANL provides expertise on analyzing the costs associated with using deep-water OTEC plants to
generate ammonia as an energy carrier and transporting it to shore. The study was initiated by the Fuel
Cell Technologies Program within EERE.

Vehicle Technologies

ANL provides the Vehicle Technologies (VT) program with expertise in materials, combustion
chemistry, electrochemistry, systems simulation, computational fluid dynamics, and techno-economic
analysis. In materials ANL performs research on non-destructive testing, advanced capacitors for power
electronics, recycling of lightweight materials, novel bonding techniques for dissimilar materials, and
lubrication and friction reduction. Many of these efforts take advantage of ANL’s unique Advanced
Photon Source to characterize materials and sprays. ANL’s combustion research includes development
of in-cylinder emission-control methods for CIDI (direct-injection Diesel) engines as well as post-
combustion emissions control. The lab’s expertise in materials and combustion comes together in
development of catalysts and sensors to improve engine efficiency and reduce emissions.
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ANL’s capabilities in system simulation and fluid dynamics support VT efforts to improve under-hood
thermal management (including nanofluid technology and novel heavy-vehicle cooling systems) and to
reduce aerodynamic drag on heavy vehicles. ANL also develops the system simulation software
necessary for “hardware-in-the-loop” testing and validation of component and subsystem performance
and develops test procedures for advanced vehicles. Systems simulation also supports development of
optimal control strategies for both combustion and hybrid-vehicle propulsion and battery systems. ANL
uses its expertise in electrochemistry to perform both R&D and standardized testing of advanced
batteries and ultracapacitors. The lab uses both its system simulation and techno-economic analysis
capabilities to support VT planning and program evaluation with energy, economic, and environmental
analyses. ANL also provides general technical and analytical support to VT’s battery R&D activity, the
Graduate Automotive Technology Education (GATE) activity, and VT’s student vehicle competitions.

Industrial Technologies

ANL performs research in the Chemicals, Energy-Intensive Process R&D, and most recently in the
Nano-Manufacturing activity areas of I'TP. The Chemicals project will be completed in FY 2009, but
research projects in Energy-Intensive Process R&D and Nano-Manufacturing will continue into FY
2010. Special techniques for applying nano-particles as coatings, the development of nano-particle
catalysts, and the development of special nano-particle containing fluids are particular areas of
expertise.

Program Support

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

Brookhaven National Laboratory
Introduction

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

Fuel Cell Technologies

BNL conducts research and development of electrocatalysts with ultra-low platinum loading, focusing
on synthesis and characterization of the materials. Brookhaven also conducts analysis of the CO,
emissions reductions and petroleum savings benefit for the Program with the MARKAL model.

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 also 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.

Wind Energy

Collaborate with Policy Office on analytical efforts focused on understanding the impact of DOE
Applied Energy R&D and deployment activities on US and global carbon emissions, including
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improving the characterization of EE and RE technologies in energy-economic and integrated
assessment models and cross-model comparison studies that include scenario analyses.

Vehicle Technologies

BNL performs analysis, studies and conducts research in advanced materials to improve the
performance and abuse tolerance of lithium-ion battery systems and provides research support for
analysis of internal combustion (IC) engine emissions for program.

Industrial Technologies

BNL supports the Industrial Technologies R&D activities in the area of hierarchical nanoceramics for
industrial process sensors. The project is expected to be completed in FY 2009.

Program Support

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

Golden Field Office/PMC
Introduction

The Golden Field Office (GO) is located in Golden, Colorado. It provides project management and
procurement support for Solar Energy, Wind Energy, Water Power, Program Direction, and
Congressionally Directed Activities.

Biomass and Biorefinery Systems R&D

In FY 2009 and FY 2010, there will be a substantial increase in support activities due to reporting,
oversight, and risk management requirements for the $800 million in Recovery Act funds for biomass
related projects. In addition, GO will continue to conduct a number of Funding Opportunity
Announcement’s across Program areas and negotiate and manage a large number of biomass-related
Congressionally Directed Projects contained in the Omnibus Bill.

Solar Energy

In FY 2009, there will be a substantial increase in support due to increased activities in project
management and procurement support for the Solar America Initiative. These activities include
Technology Pathyway Partnerships, University Process and Product Development, Future Generation
and Grid Integration Inverter solicitations.

Wind Energy

GO administers outreach to the States for Wind Powering America activities, monitors Congressionally-
directed projects, and helps to manage solicitations.

Geothermal

In FY 2009, there will be a substantial increase in support due to increased activities in project
management and procurement support for geothermal. These activities include Energy Geothermal
Systems RD&D, and workforce development solicitations.

Water Power

GO administers cost-shared activities with universities and private sector interests to advance water
power technologies and resource assessments.
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Weatherization and Intergovernmental Activities

GO provides project management and procurement support for Weatherization and Intergovernmental
Activities. Specific GO program support includes: 1) Management (in coordination with NETL) of
financial assistance awarded to State Energy Program and Weatherization Assistance grantees; and 2)
Management of all of the financial assistance and some of the technical assistance for Tribal Energy
Activities.

Program Direction

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

Program Support

GO administers a number of small contracts on TAO's behalf, including work with the Ad Council on a
National Energy Efficiency Public Information Campaign.

Idaho National Laboratory
Introduction

Idaho National Laboratory (INL) is located in Idaho Falls, Idaho. It is a multi-discipline laboratory
providing support to Biomass and Biorefinery Systems R&D, Wind Energy, Water Power, Geothermal
Technology, Vehicle Technologies, Industrial Technologies, and Federal Energy Management Program.

Biomass and Biorefinery Systems R&D

INL provides support for biomass feedstock infrastructure activities, ranging from core R&D services,
to analysis and planning support, to deployment-scale efforts. This work is performed in close
collaboration with ORNL and NREL, when appropriate. Specifically in FY 2010, INL will focus on
development of the Deployable Process Demonstration Unit, in addition to continuing core feedstock
infrastructure R&D efforts. INL also will provide technical support to the Regional Feedstock
Partnership effort.

Wind Energy

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

Geothermal Technology

INL will conduct R&D and analytical support to advance EGS goals including the Geothermal Electric
Technologies Evaluation Model (GETEM).

Water Power

INL provides engineering support in the area of hydropower engineering and system assessments.
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Vehicle Technologies

INL benchmarks and assesses the performance of new ultracapacitors for hybrid vehicles. The
laboratory also conducts tests of high-power batteries, develops battery test procedures, tests and
simulates hybrid vehicle performance, and develops energy storage models for electric and hybrid
vehicles. INL conducts field testing and evaluation and collects performance data from electric, plug-in
hybrid and fuel cell light duty vehicles and infrastructure, and supports Federal Fleet acquisition
reporting as required.

Industrial Technologies

Ongoing work at INL includes projects in Forest Products, Energy Intensive Processes, and Nano-
Manufacturing Technology research areas. An on-going project to develop a process to produce
renewable microbial polyesters from waste streams is planned to be completed in FY 2009. Research
will continue in FY 2010 in projects in the Energy Intensive Process and Nano-Manufacturing research
areas. INL is assisting in the demonstration of a new process that uses steam to help wash black liquor
from pulp, and special expertise at the laboratory is being applied to create superhydrophobic surfaces.
INL also provides critical support in project management and analysis of ITP program activities.

Federal Energy Management Program

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

Lawrence Berkeley National Laboratory
Introduction

Lawrence Berkeley National Laboratory (LBNL) develops membranes for fuel cells that do not require
water for proton conduction to reduce water management requirements. LBNL has also supported the
development of advanced materials-based hydrogen storage technology.

Fuel Cell Technologies

LBNL develops membranes for fuel cells that do not require water for proton conduction thus easing
water and thermal management.

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

LBNL will support R&D on Enhanced Geothermal Systems, including studies of reservoir dynamics
and seismic phenomenon.

Vehicle Technologies

LBNL conducts exploratory research in advanced battery technology, including development of new
electrode and electrolyte materials and understanding of fundamental electrochemical phenomena. BNL
develops devices to measure particulate matter from engines.
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Building Technologies

LBNL conducts research and development activities in windows, appliance standards, analysis tools and
design strategies and commercial buildings integration.

Industrial Technologies

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

Federal Energy Management Program

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

Program Support

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

Lawrence Livermore National Laboratory
Introduction

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

Fuel Cell Technologies
LLNL provides support on an as-needed basis for fuel cell materials and systems analysis..
Solar Energy

System-wide Environmental and Cost Implications of Large-scale PV Penetration. This project will use
a power system simulation model for detailed analyses of an integrated PV, thermal, and hydro utility
system in the Southwestern United States, focusing on environmental impacts, resource requirements,
and economic benefits of PV.

Wind Energy

LLNL will review and evaluate forecasting and prediction techniques for heights relevant to tall
turbines, collect industry partner wind farm meteorological and power production data, and develop a
wind farm power curve, including ability to account. Develop and validate improved wind forecasting
techniques, and improve predictions of wind farm power output through power curve development

Vehicle Technologies

LLNL applies advanced methods of computational fluid dynamics to the aerodynamics drag of heavy
vehicles for increased energy efficiency. It also performs studies of combustion under diesel and
homogeneous charge compression ignition (HCCI) conditions (including natural gas engines) using
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chemical kinetic modeling and other methods to determine means for increasing fuel efficiency,
reducing emissions, and increasing peak output power of advanced internal combustion engines (ICEs).
LLNL develops specialized materials like aerogel-based NOy catalysts for CIDI engines and high-
voltage ultracapacitors based on nanostructure multilayer oxide materials. The lab’s expertise in
materials science is also applied to advanced automotive manufacturing concepts such as metal
treatment using Plasma Surface Ion Implantation (PSII). LLNL’s sensor expertise is applied to
development of advanced NOx sensors for diesel engines.

Industrial Technology

LLNL provides expert resources for the investigation of innovative forming in the aluminum industry.

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 Fuel Cell Technologies, Biomass and Biorefinery Systems
R&D, Geothermal Technology, Vehicle Technologies, and Industrial Technologies.

Fuel Cell Technologies

LANL develops lower cost, high performance cathode electrocatalysts by lowering precious metal
loading while maintaining performance. It investigates the effects of fuel impurities on fuel cell
performance. Other fuel cell related work at LANL includes evaluation of structural and surface
properties of materials affecting water transport and performance as well as modeling of water transport
in the fuel cell.

Biomass and Biorefinery Systems R&D

LANL collaborates with a private sector CRADA partner in the development of an improved fungal-
based enzyme system for biochemical conversion of biomass into biofuels.

Wind

LANL conducts integration and resource planning; resource characterization and performance
modeling; communication, policy and education support; wind data analysis.

Vehicle Technologies

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

Industrial Technologies

LANL supports the Energy-Intensive Process R&D program area of ITP in the development of hollow
fiber membrane technologies for separations that normally are accomplished using energy-intensive
distillation columns. In the Nano-Manufacturing area, LANL is developing a technique to produce
ultra-tough nano-composites for drill bit applications.
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National Energy Technology Laboratory
Introduction

The National Energy Technology Laboratory (NETL) is located in Morgantown, West Virginia. It
provides project management and procurement support to Fuel Cell Technologies, Biomass and
Biorefinery Systems R&D, Industrial Technologies, Federal Energy Management Program, the
Weatherization and Intergovernmental Activities, Program Direction and Program Support.

Fuel Cell Technologies

In accordance with a Memorandum of Agreement with the Office of Fossil Energy, NETL co-manages
fuel cell research and development efforts to improve the efficiency and lower the cost of fossil-based
hydrogen production processes.

Biomass and Biorefinery Systems R&D

NETL coordinates the multi-program Clean Cities Solicitation, which includes a Biomass Program
contribution for biofuels related communications, education, and outreach projects.

Geothermal Technology

NETL may conduct R&D in support of EGS advancement. NETL may support R&D in: 1.
Characterization and Advanced Study of Drilling Systems via Physical Single-Cutter Drilling Simulator;
and 2. Impact of Chemical Reaction on Geothermal Formation Properties in a CO, dominated system.

Wind Energy

The goal of the ESIS Initiative is to drive private sector demand for sustainable energy solutions and
support the creation of new industries, markets and jobs.

Industrial Technologies

NETL provides support for ITP activities in the areas of Nano-Manufacturing, Fuel and Feedstock
Flexibility, and Industrial Distributed Energy activities. In Nano-Manufacturing, research is being
conducted to develop erosion-resistant nano-coatings for improved energy efficiency in gas turbines.

Federal Energy Management Program

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

Program Direction

In FY 2009, administrative, management, and oversight functions will be performed from the
Washington Headquarters, and the Project Management Centers located at the Golden Field Office, and
the National Energy Technology Laboratory. These functions include program and project
management, coordination and liaison with other Federal Government organizations, with state and
local governments, and with stakeholders.

National Renewable Energy Laboratory
Introduction

The National Renewable Energy Laboratory (NREL) is located in Golden, Colorado. NREL is the
principal research laboratory for the DOE Office of Energy Efficiency and Renewable Energy and also
provides research expertise for the Office of Science, and the Office of Electricity Delivery and Energy
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Reliability. NREL develops renewable energy and energy efficiency technologies and practices,
advances related science and engineering, and transfers knowledge and innovations to address the
Nation's energy and environmental goals. It is a multi-discipline laboratory providing support to Fuel
Cell Technologies, Biomass and Biorefinery Systems R&D, Solar Energy, Wind Energy, Water Power,
Geothermal Technology, Vehicle Technologies, Building Technologies, Industrial Technologies,
Federal Energy Management Program, Facilities and Infrastructure, Weatherization and
Intergovernmental Activities, and Program Support.

Fuel Cell Technologies

NREL leads the Systems Integration and Analysis function for the program. Models of the technical,
economic, and integration aspects of the hydrogen infrastructure and fuel cell systems provide guidance
for the development of hydrogen fuel cell components and materials.

Biomass and Biorefinery Systems R&D

NREL is the lead R&D laboratory and provides a broad range of analysis support across the program,
including: 1) the Biomass Scenario Model for feedstock production; 2) R&D state of technology for
cellulosic ethanol, which provides guidance for the Program’s R&D targets; 3) models of biochemical
and thermochemical processes to produce other advanced biofuels; 4) analytical models used to estimate
the future (nth plant) biofuel production costs; and 5) systems integration for portfolio analysis. The
program utilizes NREL capabilities to benchmark and validate industry-led R&D in the area of enzyme
and ethanologen development. NREL operates two user facilities that support commercialization
efforts, the Thermochemical Users Facility (TCUF) for syngas technologies, and the Alternative Fuels
Users Facility (AFUF) for bioconversion technologies. NREL is also actively supporting the initial
analysis and assessment activities for conversion of advanced feedstocks such as algae to biofuels.
Additionally, NREL will continue to support biofuels infrastructure development through intermediate
ethanol blend testing on legacy vehicles, small engines, and materials in coordination with ORNL.

Solar Energy

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

Wind Energy

NREL is the lead laboratory for national wind R&D, performing research in aerodynamics, structural
dynamics, and advanced components and control systems related to Wind Energy. The National Wind
Technology Center (NWTC), located at NREL, provides research and testing facilities for fatigue
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 implement the Department=s Cooperative Research and Development
Agreements (CRADASs) and cost-shared R&D industry partnerships for large (> 100kW) wind turbine
systems, and provides technical assistance for the Wind Powering America activity.
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Geothermal Technology

NREL supports HQ with geothermal technologies risk assessment, multi-year program planning and
techno-economic analysis. NREL will also support HQ with system integration

Water Power

NREL is the lead laboratory for ocean energy, participating in water power resource assessments,
leading technology characterization activities, and developing CRADAs for technology development
and demonstration of water power technologies.

Vehicle Technologies

NREL develops system models and provides analysis and simulation of advanced hybrid and fuel cell
configurations using analytical software developed at the lab, as well as other tools; provides CAD/CAE
for optimized vehicle system solutions in support of FreedomCAR and Fuels Partnership goals; and
general engineering assessments of HEV and AFV technologies. The laboratory investigates and
develops advanced battery thermal management for hybrid and fuel cell vehicles. For power electronics
and electric motors, the lab investigates and develops advanced cooling technologies, and performs
modeling and analysis for increased reliability. For heavy duty vehicles, NREL provides analysis,
modeling, and technical support for power electronics and electric machines; conducts engine/vehicle
integration and platform studies; and leads an effort to identify the effects of sulfur levels in diesel fuels
on emissions control devices.

NREL also leads an effort to determine the lube oil effects on exhaust after treatment devices; and
conducts tests of bio-based diesel fuel blending agents to determine their ability to act as reductants in
the exhaust stream of diesel engines. Additionally, NREL supports EPACT 1992 regulatory programs
including Federal Fleet, State and Fuel Provider, Private and Local, and Fuel petitions; and supports the
Clean Cities deployment program with technical assistance to regional coalitions and fleet partners, and
program analysis and evaluation.

Buildings Technologies

NREL provides technical leadership, conducts research and provides technical management support in a
number of Buildings Technologies (BT) activities. The primary one is Building America (Residential
Building Integration). They have integrated the BT Stage Gate process into the Building America and
Commercial Buildings technical management processes. They also provide technical support to the
implementation of Building America by conducting research, providing technical assistance to the teams
and coordinating the research among the partners, including the development and updating of tools such
as Building Energy Optimization for the management of the project. For Commercial Buildings
Integration NREL provides technical support to the commercial building national accounts and energy
alliances in three commercial building segments retail, commercial real estate, and hospitals. Other
NREL activities in support of BT include technical support for Energy Smart Schools and Hospitals, and
development and implementation of new models and features that expand the capabilities of EnergyPlus

Industrial Technologies

NREL supports technology delivery activities of ITP particularly in the preparation of publications and
training materials for industrial best practice.

Federal Energy Management Program

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

The Facilities and Infrastructure program provides funding for capital investments to support a vibrant
world-class research and development program at NREL to advance the Administration’s energy policy.
General Plant Project investments support the safe and efficient operation of NREL and EERE programs
and provide for a minimum 2 percent recapitalization of real property assets in support of changing
mission needs. General Purpose Equipment investments acquire shared science and support capabilities
and maintain EERE’s current equipment portfolio at NREL at a level of 50 percent (average) remaining
portfolio value to ensure the portfolios viability and readiness. Capital line item projects that include
acquisition of new science and support capabilities, modification of existing capabilities, and
improvements to NREL site infrastructure accommodate accelerated growth consistent with the EERE
approved Ten Year Site Plan.

Weatherization and Intergovernmental Activities

NREL assisted in the development of communication strategies for the Weatherization and
Intergovernmental Program; improves program and subprogram web pages; and provides technical
assistance on energy efficiency and renewable energy technologies, practices, and opportunities for
States, Tribes and international partners.

Program Support

NREL provides day to day programming and content support for EERE’s corporate web presence.
NREL also provides communications support including graphic design, exhibit materials, and
publications.

Oak Ridge National Laboratory
Introduction

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

Fuel Cell Technologies

ORNL carries out R&D on metal bipolar plates with nitride surface to mitigate corrosion. ORNL also
characterizes the properties of membrane electrode assemblies to elucidate degradation mechanisms
during fuel cell operation.

Biomass and Biorefinery Systems R&D

ORNL is integral to the Feedstock Infrastructure R&D platform resource assessment and resource
development efforts. Specifically in FY 2010, ORNL will lead the update to the Billion Ton Vision, a
report that explored the feasibility of building a billion tons of feedstocks to convert to biofuels; and, the
development of a GIS-based assessment tool; and will continue to support the Regional Feedstock
Partnership. These efforts are closely coordinated with INL and NREL, when appropriate.
Additionally, ORNL will continue to support biofuels infrastructure development through intermediate
ethanol blend testing on legacy vehicles, small engines, and materials in coordination with NREL.
ORNL also provided assistance on biomass technology assessment and information transfer for the
Integrated Biorefinery Platform.
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Solar Energy

ORNL provides support in applied photovoltaic research as well as in technical assistance for the Solar
America Cities project.

Wind Energy
ORNL provides analysis and support to wind integration studies and applications.
Geothermal Technology

ORNL may perform R&D in Wear-Resistance NanoComposite Coatings, High Temperature Downhole
Tool, and properties of pore-confined CO,-rich supercritical fluids and their effects on porosity
evolution for EGS rocks.

Water Power

ORNL will participate in the resource assessment of ocean energy in the U.S., including current (tidal)
resources. ORNL is the lead laboratory for hydropower activities. It will also participate in water
power resource assessments, lead technology characterization activities, and develop CRADAs for
technology development and demonstration of water power technologies.

Vehicle Technologies

ORNL provides the Vehicle Technologies (VT) program with expertise in materials, combustion,
electrical engineering, systems analysis, vehicle testing and data collection, and techno-economic
analysis. ORNL uses its materials expertise to develop and test a wide range of lightweight materials
for vehicle applications, including carbon-fiber, lightweight alloys, and novel materials such as
thermally-conducting carbon foams for high-performance engine radiators. ORNL also operates the
High-Temperature Materials Lab as a user facility for materials characterization, funded by VT. ORNL
supports VT’s combustion R&D with development of in-cylinder diagnostics, development and testing
of catalytic converters, measuring and modeling the chemical kinetics of emissions-treatment devices
including NOx absorbers and selective catalytic reduction, and toxicity analysis of unregulated
emissions from engines operating on advanced fuels. This work also supports VT’s Fuels R&D activity
by analyzing and modeling the fuel characteristics that affect emissions control and efficiency in diesel
engines. ORNL uses its electrical engineering expertise to research, develop, and test power electronics
(converters and controllers) and electric motor/generators for hybrid and electric vehicles. The lab
performs system cost analyses and techno-economic trade-off studies for advanced combustion,
emissions-control, materials, and power-electronic components. ORNL backs up its modeling of engine
and emissions-control processes with the collection of real-world, on-road heavy truck performance
data. ORNL also maintains the legislatively-mandated automobile Fuel Economy Guide and website.

Building Technologies

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

Industrial Technologies

ORNL conducts research and provides support in several ITP program areas including: Industrial
Materials, Nano-Manufacturing, Industrial Distributed Energy, Technology Delivery (Industrial
Assessment Centers and Best Practices), Energy-Intensive Process R&D, and Fuel and Feedstock
Flexibility. In support of the Best Practices effort, ORNL provides support to Plant-Wide Assessments
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and other technical assistance and also assists in the tracking of program impacts. ORNL is the primary
laboratory supporting the Industrial Materials of the Future activity. ORNL administers several research
projects in the new Nano-Manufacturing, Energy-Intensive Process R&D, and Fuel and Feedstock
Flexibility cross-cutting program areas.

Federal Energy Management Program

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

Weatherization and Intergovernmental Activities

ORNL assists in the implementation of the national evaluation of the State Energy Program and assists
in stakeholder outreach for DOE energy efficiency initiatives.

Program Support

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

Pacific Northwest National Laboratory
Introduction

Pacific Northwest National Laboratory (PNNL) is located in Richland, Washington. It is a multi-
discipline laboratory providing support to Fuel Cell Technologies, Biomass and Biorefinery Systems
R&D, Water Power, Vehicle Technologies, Building Technologies, Industrial Technologies, Federal
Energy Management Program, Weatherization and Intergovernmental Activities, and Program Support.

Fuel Cell Technologies

PNNL is the lead laboratory in the development of safety materials and systems for various end use
applications. PNNL is developing novel catalyst support to mitigate catalyst support degradation during
start/stop cycles in fuel cell operation.

Biomass and Biorefinery Systems R&D

PNNL provides support for the technical and economic assessment of thermochemical research and
development on syngas, and bio-oil, and fuels production. Major program components include
thermocatalysts for fuels and chemicals. Additionally, PNNL performs research on the use of
filamentous fungi in the biorefinery. PNNL is also supporting the initial analysis and assessment
activities for conversion of advanced feedstocks such as algae to biofuels and life cycle assessments of
alternative fuels.

Solar Energy

Integration of PV Systems into Coordinated Demand and Supply Management Strategies. This project
will address operational opportunities for demand responsiveness within an integrated PV system, and
will evaluate integrated PV system components in conformance to the developed or developing
interoperability framework.

Wind Energy Systems

PNNL provides analysis and support to system integration activities and to addressing market barriers to
wind energy deployment.
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Water Power

PNNL participates in environmental studies and marine life impacts related to the Water Power
Program.

Vehicle Technologies

PNNL supports Vehicle Technologies (VT) primarily through their expertise in a variety of materials
technologies. PNNL evaluates advanced energy storage materials for battery R&D. PNNL supports VT
materials R&D effort by developing energy-efficient production and processing techniques for
magnesium, titanium, polymer, natural fiber and glass composite components for advanced automotive
and heavy vehicle designs. The laboratory also develops environmentally friendly processes for the
manufacture of planar thin film ceramic sensors. To improve combustion efficiency and reduce
emissions, PNNL develop tools and analytic techniques for developing new catalytic materials for
engines using computational methods and materials-by-design approaches, and also develops materials
for high-durability lean-burn spark plugs and NOy sensors. PNNL supports development of
thermoelectric devices for recovering waste heat in diesel engines (thus improving fuel efficiency) by
working on the scale-up process for depositing Si/SiGe super-lattice materials.

Building Technologies

PNNL conducts research and development activities for building codes, appliance standards, and
lighting, and cross cutting economic and technical analyses. For Commercial Buildings Integration
PNNL provides technical support to the commercial building national accounts and energy alliances in
three commercial building segments retail, commercial real estate, and hospitals.

Federal Energy Management Program

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

Program Support

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

Sandia National Laboratories
Introduction

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

Fuel Cell Technologies

SNL conducts material property characterization and safety analysis of fuel cells. Sandia also supports
the development of the Macro-System with the Systems Integration function to enable the integration of
multifunctional models.

Biomass and Biorefinery Systems R&D

SNL is providing support on the initial analysis and assessment activities for conversion of algae to
biofuels.
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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; technical responsibilities include power tower R&D, dish R&D, and the management of
technical tasks and subcontracts to industry and universities.

Wind Energy

SNL 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 will design and fabricate a seismic tool capable of semi-permanent applications such as
deployment during temporary field activities and also permanent application as a monitoring tool
cemented into the wellbore. Sandia National Laboratory will provide technical and analytic support for
use of the high temperature televiewer in the Cooper Basin, Australia, in support of the International
Partnership for Geothermal Technology. SNL also will play a role in cooperative bilateral projects with
Iceland.

Water Power

SNL provides expertise on technology development and assessment, particularly related to hydrokinetic
systems.

Vehicle Technologies

SNL supports the Vehicle Technologies (VT) program with its capabilities in aerodynamics and fluid
dynamics, combustion chemistry and kinetics (especially using the laser diagnostic tools at SNL’s
Combustion Research Facility), materials R&D, and advanced manufacturing technologies. SNL
performs modeling and simulation to reduce aerodynamic drag on heavy vehicles. The lab’s expertise
in fluid dynamics, combustion kinetics, and laser diagnostics are combined for research on the formation
of pollutants in piston combustion and the effects of fuel-borne oxygen using optically and non-optically
instrumented engines. SNL also uses laser diagnostics to characterize diesel engine particulate
emissions to improve exhaust treatments. SNL develops and evaluates abuse-tolerant electrode
materials for lithium-based batteries and rugged high-temperature film capacitors for power electronics.
The lab’s experience in advanced manufacturing supports VT propulsion and lightweight materials
efforts by developing techniques and instrumentation for forging, heat-treatment, coating, welding, and
other factory processes.

Federal Energy Management Program

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

Weatherization and Intergovernmental Activities

SNL provides technical assistance on energy efficiency and renewable energy options available to
Tribal governments.
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Program Support

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

Savannah River National Laboratory
Introduction

Savannah River National Laboratory (SRNL) is located in Aiken, South Carolina. Itis a
multidisciplinary research laboratory that provides support to Fuel Cell Technologies.

Fuel Cell Technologies
SRNL supports fuel cell R&D with its expertise in materials and test protocols.

Washington Headquarters
Introduction

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

Energy Efficiency and Renewable Energy/
Funding by Site FY 2010 Congressional Budget

Page 59



Page 60



Fuel Cell Technologies

Funding Profile by Subprogram
(Non-Comparable, or as-Appropriated, Structure)

(dollars in thousands)

FY 2009 FY 2009
FY 2008 Current Additional FY 2010
Appropriation” Appropriation | Appropriation Request
Hydrogen Technologies
Fuel Cell Systems R&D - - - 63,213
Hydrogen Production and Delivery R&D 38,607 10,000 - 0
Hydrogen Storage R&D 42,371 59,200 - 0
Fuel Cell Stack Component R&D 42,344 62,700 - 0
Technology Validation” 29,612 - - 0
Transportation Fuel Cell Systems 7,718 6,600 - 0
Distributed Energy Fuel Cell Systems 7,461 10,000 13,400 0
Fuel Processor R&D 2,896 3,000 - 0
Safety and Codes and Standards® 15,442 - - 0
Education* 3,865 - - 0
Systems Analysis 11,099 7,713 - 5,000
Market Transformation - 4,747 30,000 0
Manufacturing R&D 4,826 5,000 - 0
Total, Hydrogen Technologies 206,241 168,960 43,400 68,213
* SBIR/STTR funding was transferred to the Science Appropriation in FY 2008, which includes a reduction of $4,306,000
that was transferred to the SBIR program, and $515,000 that was transferred to the STTR program.
® Funding for this activity appears in the Vehicle Technologies budget in FY 2009, but is included again in Fuel Cell
Technologies starting in FY 2010.
¢ Ibid.
¢ Ibid.
Energy Efficiency and Renewable Energy/
Fuel Cell Technologies/Manufacturing R&D FY 2010 Congressional Budget

Page 61



Funding Profile by Subprogram
(Comparable Structure to the FY 2010 Request)

(dollars in thousands)

FY 2009
FY 2008 FY 2009 Current Additional FY 2010
Appropriation® Appropriation Appropriation Request
Fuel Cell Technologies

Fuel Cell Systems R&D 54,201 75,700 — 63,213
Hydrogen Production and Delivery R&D 38,607 10,000 - 0
Hydrogen Storage R&D 42,371 59,200 - 0
Fuel Cell Stack Component R&D - - - -
Technology Validation” 29,612 — — 0
Transportation Fuel Cell Systems 6,218 6,600 — 0
Distributed Energy Fuel Cell Systems - - 13,400 -
Fuel Processor R&D - - - -
Safety and Codes and Standards® 15,442 - — 0
Education* 3,865 — — 0
Systems Analysis 11,099 7,713 — 5,000
Market Transformation - 4,747 30,000 0
Manufacturing R&D 4,826 5,000 — 0
Total, Fuel Cell Technologies 206,241 168,960 43,400 68,213

Public Law Authorizations:

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

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

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

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

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

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

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

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

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

P.L. 109-58, “Energy Policy Act of 2005” (2005)

P.L. 110-140, “Energy Independence and Security Act of 2007”

* SBIR/STTR funding was transferred to the Science Appropriation in FY 2008, which includes a reduction of $4,306,000
that was transferred to the SBIR program, and $515,000 that was transferred to the STTR program.

® Funding for Technology Validation appears in the Vehicle Technologies (VT) budget in FY 2009 at $15,000,000; but is
included again in Fuel Cell Technologies (FCT) starting in FY 2010.

¢ Funding for Safety and Codes and Standards appears in the VT budget in FY 2009 at $12,500,000; but is included again in
FCT starting in FY 2010.

¢ Funding for Education appears in the VT budget in FY 2009 at $4,200,000; but is included again in FCT in FY 2010.
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Mission

The mission of the Fuel Cell Technologies (FCT) Program is to reduce petroleum use, greenhouse gas
(GHG) emissions, and criteria air pollutants, and to contribute to a more diverse energy supply and more
efficient domestic energy use by enabling the widespread commercialization and application of fuel cell
technologies. The program’s key mission goals are to advance these technologies, through research,
development, demonstration (RD&D), to be competitive with alternate technologies in cost, reliability
and performance, and to reduce the institutional and market barriers to their commercialization.

Modifications were made to the budget structure to better reflect the Fuel Cell Technologies Program's
activities in FY 2010. The two tables above show a non-comparable and comparable funding profile for
the program. The non-comparable table presents the FY 2010 funding in the new budget structure only
and FY 2008 and FY 2009 funding is shown as appropriated. The comparable table shows the FY 2008
and FY 2009 funding in the new budget structure to assist in comparing year-to-year funding trends. A
cross-walk of the new and old structure is provided that describes in detail the modification to the
budget structure.

Benefits

The program pursues its mission through integrated activities designed to improve the efficiency,
flexibility, and productivity of the domestic energy economy. These improvements are expected to
reduce susceptibility to energy price fluctuations, reduce GHG emissions, reduce EPA criteria and other
pollutants, and enhance energy security by increasing the production and diversity of domestic fuel
supplies.

In FY 2010, the Fuel Cell Technologies Program proposes to re-focus its efforts on fuel cell systems for
stationary, portable, and transportation applications. This revised effort is aligned with DOE’s portfolio
of technologies for near-term impact, improved energy efficiency using multiple fuels, and job creation,
consistent with the Presidential objectives. FCT will develop multiple fuel cell technologies (including
solid-oxide, alkaline and polymer electrolyte membrane fuel cells) for multiple fuel sources (including
diesel, natural gas, bio-derived renewable fuels such as methanol, and fuels derived from other
renewable resources). Applications include distributed generation, backup power, auxiliary power units
(APUs), portable power systems, material handling equipment, specialty vehicles, and transportation.
Distributed generation and backup power systems supported by this activity may be grid-tied or grid-
independent, utilize waste heat, operate directly with hydrogen or natural gas, or use reformers to
operate with natural gas, bio-derived fuels or coal-derived fuels.

Fuel cells provide energy that can be cleanly produced from a wide range of abundant domestic energy
resources, including natural gas, as well renewable resources such as biofuels and by-products from
biomass. Depending on the resource used in the fuel cell, substantial reductions in CO, emissions and
petroleum use considering the entire energy path could be attained. Since fuel cells are quiet, clean and
efficient, they are ideal for generating electricity and heat in commercial, industrial, or residential
applications, utilizing up to 80 percent of the energy content of the fuel. These systems have been
shown to be economically favorable over conventional technologies for material handling equipment in
two to three shift indoor warehouse operations and for combined heat and power supply in data centers.
Other early market applications include back up power for critical loads, such as telecommunications.
Also, reversible fuel cells can be used for storing energy on the Nation’s electric grid for dispatch during
peak load or to facilitate the use of intermittent energy sources such as solar or wind. Wastewater
treatment gas, by-product gases from industrial processes, and gases created from food processing and

agricultural waste can be tapped for on-site electrical generation with fuel cell technology.
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The proposed FY 2010 Budget investments complement funds provided by the Recovery Act that
accelerate fuel cell market transformation and demonstration activities technology awards. To enable
decision makers and the public to follow performance and plans, the program will post its progress in
these planned activities at: http://www.energy.gov/recovery/index.htm

Climate Change

Depending on the fuel used, FCT contributes to reducing GHG by providing solutions for many
applications. Fuel cells are ideal for using flexible and clean fuels for generating electricity or a
combination of electricity and heat for use in commercial, industrial, or residential applications.

Energy Security

FCT aims to help national energy security by reducing reliance on imported oil with widespread
commercialization of fuel cells that use domestic and diverse sources of fuel.

Economic Impacts

The program contributes to economic growth in the U.S. by developing fuel cell technologies that lead
to new jobs in domestic manufacturing, infrastructure development, and support services. In addition,
the reduced dependence on petroleum will improve the Nation's balance of trade and create a more
favorable position in the global economy.

Two integrated energy-economy models are used to assess the environmental, energy security and
economic benefits from 2010 through 2050 that would result from realization of the program goals:
National Energy Modeling System — Government Performance and Results Act 2010 (NEMS-
GPRAZ2010) for benefits through 2030, and Market Allocation Model — Government Performance and
Results Act 2010 (MARKAL-GPRA2010) for benefits through 2050.% (See table below)

The models do not include any additional policies, incentives or regulatory mechanisms that are
expected to support or accelerate the achievement of the program goals. The expected benefits reflect
solely the achievement of the program’s goals, and do not include any complementary or R&D activities
from other Federal agency programs. The vehicle specification used for the basis of the comparison is
the same baseline vehicle specification that the EERE Vehicle Technologies Program uses for GPRA
2010 analyses.

# Documentation on the analysis and modeling can be found at http://www.eere.energy.gov/ba/pba/program_benefits.html.
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Primary Metrics for FY 2010 Budget Request
(Incorporates Approximate Impacts of EISA 2007)

Year
Metric' Model
2015 2020 2030 2050
. Oil Imports Reduction, cumulative? (Bil NEMS ns ns 0.2 N/A
£ bbl) MARKAL ns ns ns 7.3
3
& INatural Gas Imports Reduction, NEMS ns ns 06 N/A
5 cumulative (Tcf) MARKAL ns ns ns 2.3
()
T Reduction in Share of Highway Fuel NEMS ns ns 1% N/A
Demand Derived from Crude Oil® (%) MARKAL ns ns 1% 21%
CO, Emissions Reduction, cumulative NEMS ns ns 95 N/A
g |mcoy) MARKAL ns ns ns ns
% . 4 NEMS ns ns ns N/A
= SO, Allowance Price Reduction™ ($/ton)
8 MARKAL N/A N/A N/A N/A
c
g . . NEMS ns ns ns N/A
c NO, Allowance Price Reduction ($/ton)
2 MARKAL N/A N/A N/A N/A
>
] Hg Allowance Price Reduction (thousand] NEMS ns ns ns N/A
$/Ib) MARKAL N/A N/A N/A N/A
w ) s NEMS ns ns ns N/A
= Consumer Savings, cumulative’ (Bil $)
s MARKAL 0 20 62 105
S
S Electric Power Industry Savings, NEMS ns ns ns N/A
E  |cumulative (Bil $) MARKAL ns ns ns -60
c
8 Household Energy Expenditures NEMS ns ns ns N/A
L .
Reduction ($/household/yr) MARKAL 0 11 26 88
1. “Reductions” and “savings” are calculated as the difference between results from the baseline case (i.e. no DOE
technology) and the technology case (i.e. all DOE technology R&D programs are successful).
2. All cumulative metrics are based on results beginning in 2010.
3. Metric includes oil-derived fuel use by light-duty vehicles, commercial light trucks and freight trucks; the metric
excludes buses. Reported oil use is adjusted to exclude ethanol, biodiesel and CTL.
4. All monetary metrics are in 2006$.
5. Cumulative monetary metrics are in 2006$ that are discounted to 2010 using a 3% discount rate.
ns - Not significant
NA - Not yet available
N/A - Not applicable
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Secondary Metrics for FY 2010 Budget Request
(Incorporates Approximate Impacts of EISA 2007)

Year
Metric* Model
2015 2020 2030 2050
. . NEMS ns ns 0.2 N/A
> Oil Imports Reduction, annual (Mbpd)
= MARKAL ns ns 0.0 2.0
>
3 |Natural Gas Imports Reduction, annual NEMS ns ns 03 N/A
& |(Tch MARKAL ns ns ns 0.0
g , NEMS ns ns 3% N/A
MPG Improvement” (%)
MARKAL ns ns ns 101%
CO, Intensity Reduction of US Economy| NEMS ns ns ns N/A
g (Kg CO2/$GDP) MARKAL ns ns ns ns
(2}
; S |CO;, Intensity Reduction of US Power NEMS ns ns ns N/A
Q.
2 E [sector’ (Kg CO2/kWh) MARKAL ns ns ns ns
s =
0 CO, Intensity Reduction of US NEMS ns ns ns N/A
Transportation Sector* (Kg CO2/mile) MARKAL ns ns ns 0.06
) 5 NEMS ns ns ns N/A
Consumer Savings, annual® (Bil $)
" MARKAL 0 3 11 11
é Electric Power Industry Savings, annual NEMS ns ns ns N/A
% (Bil ) MARKAL ns ns ns -12
% Energy Intensity of US Economy NEMS ns ns 0.03 N/A
S |(energy/sGDP) MARKAL ns ns ns 0.02
i
. NEMS N/A N/A N/A N/A
Net Energy System Cost, annual (Bil $)
MARKAL 0 11 40 80
1. “Reductions” and “savings” are calculated as the difference between results from the baseline case (i.e. no DOE
technology) and the technology case (i.e. all DOE technology R&D programs are successful).
2. Change in light duty vehicles miles traveled per gallon of oil, where oil is only that derived from petroleum.
3. Emissions include all power sector emissions. Generation calculated as total net generation adjusted for estimated T&D
losses.
4. Emissions calculated using highway fuel use and related carbon emission factor. Miles calculated as highway miles
traveled, excluding buses.
5. All monetary metrics are in 2006$.
ns - Not significant
NA - Not yet available
N/A - Not applicable

The following external factors could affect the ability of the FCT program to achieve these long-term
goals and benefits:

= Fuel availability. Successful deployment of fuel cells will depend on adequate availability of the
appropriate fuels for each type of fuel cell.

= Market appeal of fuel-cells. The interest of consumers and businesses in using fuel cells as a
substitute for less-efficient power sources will depend in part on the price of conventional sources
of energy, such as gasoline and diesel fuel. Historically fluctuating oil prices have not provided a
consistent signal to either buyers or manufacturers.
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Contribution to the Secretary’s Priorities

FCT contributes to several of the Secretary's priorities as enumerated below. The principal focus areas
are renewable energy and GHG reduction.

Priority 1: Science and Discovery — Invest in science to achieve transformational discoveries

The program coordinates with the Office of Science in fields such as nanoscience, biological
mechanisms of hydrogen production, and understanding hydrogen interactions with material surfaces.
The program has reenergized and focused National Laboratory efforts through the creation of multiple
Hydrogen Centers of Excellence. The Centers of Excellence serve as "virtual labs" to integrate National
Laboratory, university, and industry activities, as does the program’s encouragement of teaming for
competitive awards.

The program partners globally through the International Partnership for a Hydrogen Economy (IPHE)
with 16 countries and the European Commission, International Energy Agency (IEA) with 25 countries,
and other international organizations and agreements. The program builds research networks by
coordinating plans with other DOE offices involved in hydrogen and fuel cell research, participation in
the IEA and IPHE, cooperation with industry associations and the National Hydrogen and Fuel Cells
Codes & Standards Coordinating Committee, the Hydrogen and Fuel Cell Technical Advisory
Committee, the Inter-agency Task Force, and the Hydrogen and Fuel Cell Interagency Working Group.

Priority 2: Clean Energy — Change the landscape of energy demand and supply

The program encourages technology and business model innovation through competitively-awarded
industry partnerships and support for innovative deployment mechanisms. Fuel cell applications open
new avenues for fuel diversity and distributed generation.

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

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

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

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

Means and Strategies

The FCT Program will use various means and strategies to achieve its GPRA Unit Program goals as
described below. “Means” include operational processes, resources, information, and the development
of technologies, and “strategies” include program, policy, management and legislative initiatives and
approaches. Various external factors, as listed below, may impact the ability to achieve the program’s
goals.

FCT employs the following strategies to accomplish its goals:
To organize R&D activities on fuel cell technology, the program established RD&D subprograms. The
subprograms have established cost, performance and/or durability goals to enable fuel cell technologies
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to be competitive with alternate technologies. For example, for transportation fuel cell systems to be
competitive, the cost target is $30/kW, the performance target is 50 percent efficiency at rated power
and the durability target is 5,000 hours. To meet these goals, the subprograms use a competitive
selection process to award projects to National Laboratories, universities and industry, and make use of
programmatic, policy and legislative approaches in accordance with EPAct 2005 and EISA 2007 to
achieve their GPRA Unit goals.

FCT employs the following means to accomplish its goals:

Collaborations leverage the program's activities within and outside DOE. The program coordinates
across five DOE Offices: other technology programs within EERE, and the Offices of Science, Nuclear
Energy, Fossil Energy, and Electricity Delivery and Energy Reliability. The EERE FCT program is the
DOE fuel cell lead and coordinates RD&D planning, budget formulation and execution, and peer
review. Within EERE, the program collaborates with the Vehicle Technologies, Biomass and
Biorefinery, Solar Technologies, Wind Energy, and Water Power programs. Coordination with
organizations outside of DOE includes:

= Interagency Task Force: The program participates in the Task Force in accordance with EPAct
2005, to leverage and coordinate Federal resources and activities.

= International Partnership for the Hydrogen Economy (IPHE): The program is DOE's primary
representative to the IPHE, whose goal is to leverage R&D capabilities globally.

= FreedomCAR and Fuel Partnership: DOE (represented by the Vehicle Technologies and the FCT
programs) participates in the FreedomCAR and Fuel Partnership with the U.S. Council for
Automotive Research (USCAR), five energy companies, and two utilities. The Partnership focuses
on precompetitive high-risk research necessary to provide a full range of affordable energy-efficient
cars and passenger trucks, and their fueling infrastructure. Fuel cell vehicles represent the long-term
end of the R&D spectrum coordinated through the Partnership.

= Cooperation on research for safety and codes and standards: The program collaborates and
coordinates with the Department of Transportation (DOT), EPA and the National Institute of
Standards and Technology (NIST) to perform safety research and establish the technical groundwork
that will be used by code and standard-setting organizations.

Validation and Verification

To validate and verify program performance, the program conducts internal and external reviews and
audits. Programmatic activities are subject to continuing review by, for example, Congress, the
Government Accountability Office, the National Academies, DOE's Inspector General, as well as by
reviewers from other agencies, such as the EPA and state environmental agencies through FCT’s Annual
Merit Review and Peer Evaluation process. Specific milestones, go/no-go decision points, and technical
progress are systematically reviewed through the program’s merit review process and independent
assessments conducted through the Systems Integration Office. The table below summarizes validation
and verification activities.
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Data Sources: Merit Review and Peer Evaluation of R&D, Program Peer Reviews, and independent
assessments are conducted. Engineering models and experimental results are used to
validate technical progress, with documentation provided through quarterly and
annual reports. Learning demonstration activities (through FY 2009) also verify and
validate technical progress towards meeting targets and help guide R&D. Summary
program plans and annual presentations by the program are used to communicate the
status of verification/validation activities and to evaluate proposed approaches
towards meeting technical targets.

Baselines: The following are the key baselines used in FCT:

= Compressed hydrogen tank-only storage (2003): 1.3 kWh/kg (3.9 percent by
weight) and 0.6 KWh/L system capacity

= Solid state materials for storage systems (2003): 1 percent by weight system
capacity and 0.5 kwWh/L

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

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

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

= Validated production (delivered) (2004): $3.60/gge (beginning of life testing)

Frequency: Expected results and benefits of the budget are estimated annually in response to
GPRA, merit review and peer evaluation of R&D projects and program peer review
are conducted biennially. Quarterly reports are submitted to DOE Technology
Development Managers. Summary program plans are submitted annually.

Data Storage: EERE Corporate Planning System

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

= Continue to conduct and build upon the transparent oversight and performance
management initiated by Congress and the Administration.

= Technology validation and operational field measurement, as appropriate;

= Peer review by independent outside experts of both the program and sub-program
portfolios;

= Annual internal Technical Program Review of the program;

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

= Quarterly and annual assessment of program and management results based on
Joule (the DOE quarterly performance progress review of budget targets);

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

In 2007, the National Academies conducted a second biennial review of the
FreedomCAR and Fuel Partnership and published a report entitled, “Review of
the Research Program of the FreedomCAR and Fuel Partnership - Second
Report.” In this report, the committee noted that, “The FreedomCAR and Fuel
Partnership is well planned, organized and managed. It is an excellent example
of an effective industry/government cooperative effort.” The committee noted
that significant progress has been made since the first report but that
technological barriers remain to reduce the cost at the vehicle, system and
component levels while improving performance in these same areas. In addition
to technological barriers, the committee noted that the transition to hydrogen as
an energy carrier may be deterred by broad social and economic issues that may
arise with the introduction of a new energy carrier. The committee concluded
that, “the research efforts of the Partnership are more needed than ever before.”;

= Merit reviews and peer evaluations, conducted by energy and fuel cell experts
from outside of DOE, are held to evaluate RD&D projects to ensure that priorities
and key technology barriers identified in the program’s planning documents are
addressed;

= Inareport released February 11, 2008, the GAO commended DOE for making
important R&D progress, for effectively aligning its R&D priorities with
industry, and for working with other agencies in coordinating activities and
facilitating scientific exchanges. The report stated that DOE and industry
officials attribute this progress to DOE’s (1) planning process that involved
industry and university experts from the earliest stages; (2) use of annual merit
reviews, technical teams, centers of excellence, and other coordination
mechanisms to continually involve industry and university experts to review the
progress and direction of the program; (3) emphasis on both fundamental and
applied science, as recommended by independent experts; and (4) continued focus
on such high priority areas as hydrogen storage and fuel cell cost and durability.
The GAO recognized DOE’s increased efforts in stationary and portable fuel cell
technologies, as well as the role that these technologies may play in paving the

# Report can be found at http://www.nap.edu/catalog.php?record_id=11406.
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way for the commercialization of fuel cell vehicles. The report also recognized
that difficult technical challenges lie ahead, particularly in hydrogen storage and
delivery, fuel cell cost and durability, and hydrogen infrastructure deployment.
The GAO recommended that program plans be updated to provide an overall
assessment of what DOE reasonably expects to achieve by its technology
readiness date. GAO also recommended that the report include a discussion of
how these expectations may differ from previous posture plans and project
anticipated R&D funding needs.

=  The program develops and implements planning documents and supports the
development of technology roadmaps with industry.® These efforts are used to
focus the program’s investments on activities that are within the Federal
Government’s role and that address top priority needs;

= National Laboratories, industry, and universities receive funding through
competitive processes. Energy 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 R&D Investment Criteria,
project peer reviews include evaluation of: 1) relevance to overall DOE and FCT
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;

= Most 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; and

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

Verification:  Quarterly reports from DOE-funded industry, university and National Laboratory
partners document the status of quarterly targets and milestones. An Annual Report
is used to evaluate progress towards meeting program goals and technical targets.
Independent assessments will be conducted by the Systems Integration activity to
evaluate research results.

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; EERE Hydrogen Program Multi-Year Research, Development and Demonstration Plan; Hydrogen Posture Plan;
The 2004 National Academies’ Report, The Hydrogen Economy: Opportunities, Costs, Barriers, and R&D Needs; and the
National Academies’ Report, Review of the Research Program of the FreedomCAR and Fuel Partnership, First Report,
August 2005.
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Annual Performance Results and Targets

FY 2005 Results FY 2006 Results |

FY 2007 Results

FY 2008 Targets

FY 2009 Targets FY 2010 Targets

GPRA Unit Program Goal 1.1.01.00 (Fuel Cell Technologies)
Hydrogen Production and Delivery R&D — Renewable

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

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

Hydrogen Production and Delivery R&D-Non Renewable

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

Hydrogen Storage R&D

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

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

Complete fabrication and testing
of a sub-scale prototype
materials-based storage system to
demonstrate projected system
capacity of 2.5 wt. percent (0.8
kWh/kg); evaluate progress
toward the 2007 target of 4.5 wit.
percent (1.5 kWh/kg). [MET]

Energy Efficiency and Renewable Energy/
Fuel Cell Technologies

Complete lab-scale electrolyzer
test to determine whether it
achieves 64 percent energy
efficiency and evaluate systems
capability to meet $5.50/gge
hydrogen cost target, untaxed at
the station, and with large
equipment production volumes
[e.g., 500 units/year]. [MET]

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

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

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

costs of hydrogen production will

support technology readiness for
hydrogen powered vehicles.
[MET]

Develop chemical hydrogen
storage regeneration methods at
laboratory-scale, obtain initial
data for efficiency and systems
analysis, and demonstrate lab-
scale reactions capable of at least
40 percent energy efficiency,
leading to greater effective
storage density and driving range
for fuel cell vehicles. [MET]
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Develop solid-state or liquid
materials with the potential to
meet 2010 targets of 2.0 kWh/kg
(6 percent by weight), 1.5 kWh/L,
develop system design and
evaluate against 2009 interim
goal of 5 percent by weight
(modeled) or 1.7 kWh/kg.
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FY 2005 Results

FY 2006 Results

FY 2007 Results

FY 2008 Targets

FY 2009 Targets

FY 2010 Targets

Hydrogen Storage R&D: Tanks

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

Technology Validation

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

[MET]

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

Fuel Cell Systems R&D

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

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

Validate achievement of a
refueling time of 5 minutes or less
for 5 kg of hydrogen at 5,000 psi
through the use of advanced
sensor, control, and interface
technologies. [MET]

In FY 2009 this activity was managed by the Vehicle Technologies Program.

Energy Efficiency and Renewable Energy/

Fuel Cell Technologies

Fuel Cell vehicle(s) demonstrate
the ability to achieve 250 mile
range without impacting cargo or
passenger compartments leading
to greater adoption of fuel cell
vehicles. Technology Validation
shows 103-190 mile range under
real world operating conditions.
[MET]
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Verify under real world
conditions hydrogen
infrastructure technologies with a
cost of $3.00 per gge. *

Improve the catalyst utilization of
fuel cell systems to 3.0 kW per
gram of platinum group metal at
operating pressures less than 2.5
bar.
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FY 2005 Results

FY 2006 Results

FY 2007 Results

FY 2008 Targets

FY 2009 Targets

FY 2010 Target

Fuel Cell Component R&D

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

DOE-sponsored laboratory
scale research will reduce the
modeled technology cost to
$110/kW for a hydrogen-fueled
80 kW fuel cell power system.
[MET]

Distributed Energy Fuel Cell Systems and Fuel Processor R&D

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

Education

Due to Congressionally
Directed Activities, there was
no activity in this area in

FY 2006.

Energy Efficiency and Renewable Energy/

Fuel Cell Technologies

DOE-sponsored laboratory
scale research will reduce the
modeled technology cost of a
hydrogen-fueled 80kW fuel cell
power system to $90/kW.
[MET]

DOE-sponsored research will
improve electrical efficiency to
34 percent at full power for a
natural gas or propane fueled 5-
250 kW stationary fuel cell
power system verified by a
prototype (5-50 kW system).

[MET]

DOE-sponsored research will
reduce the modeled technology
cost of a hydrogen-fueled
80kW fuel cell power system to
$70/kW. Reducing automotive
fuel cell costs accelerates the
market viability and
deployment of fuel cell
technologies, which contribute
to the Department's goal of
increased energy security and
reduced greenhouse gas and
pollutant emissions. [MET]

DOE-sponsored research will
improve electrical efficiency to
35 percent at full power for a
natural gas or propane fueled 5-
250 kW stationary fuel cell
power system verified by a 5-
250 kW prototype. This will
support development of fuel
cell power systems as
alternative power sources to
grid-based electricity for
buildings and other stationary
applications. [MET]
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DOE-sponsored research will
reduce the modeled technology
cost of a hydrogen-fueled
80kW fuel cell power system to
$60/kW. Reducing automotive
fuel cell costs accelerates the
market viability and
deployment of fuel cell
technologies, which contribute
to the Department's goal of
increased energy security and
reduced greenhouse gas and
pollutant emissions.

DOE-sponsored research will
improve electrical efficiency to
36 percent at full power for a
natural gas or propane fueled
stationary fuel cell power
system verified by a 5-250 kW
prototype. This will support
development of fuel cell power
systems as alternative power
sources to grid-based electricity
for buildings and other
stationary applications.

[Activity moved to Vehicle
Technologies in FY 2009; no
target set.]
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Safety and Codes and Standards

FY 2005 Results

FY 2006 Results FY 2007 Results

FY 2008 Targets

FY 2009 Targets

FY 2010 Targets

Systems Analysis

Energy Efficiency and Renewable Energy/

Fuel Cell Technologies

Develop a hydrogen materials
technical reference which
reports on embrittlement issues
for hydrogen usage up to
10,000 psi delivered. Publish a
Best Practices Manual
describing hydrogen safety
guidelines and lessons learned.
Wide acceptance of hydrogen
technologies depends on
developing and meeting safety
standards in which the public
has confidence. [MET]

Complete and validate Macro-
System Model for complete
hydrogen and delivery pathway
analysis. This will aid in
understanding and assessing
technology needs and progress,
potential environmental
impacts, and the energy-related
economic benefits of various
hydrogen supply and demand
pathways. [MET]
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[Activity moved to Vehicle
Technologies in FY 2009; no
target set.]

Complete feedstock, capital,
capacity and utility sensitivity
analyses on the cost of
delivered hydrogen for 6
pathways using the Macro-
System Model. This will aid in
understanding and assessing
technology needs and progress,
potential environmental
impacts, and the energy-related
economic benefits of various
hydrogen supply and demand
pathways.

Identify technology gaps and
metrics for 2 different fuel cell
systems (solid-oxide and
methanol) for at least 2
applications.

FY 2010 Congressional Budget



Operational Efficiency

Contribute proportionately to

Maintained total administrative

Maintain total administrative

EERE’s corporate goal of
reducing corporate and program

overhead costs (defined as

overhead costs (defined as

Maintain administrative costs

as a percent of total program

Maintain administrative costs

Maintain administrative costs

as a percent of total program

Program Direction and Program

Program Direction and Program

costs less than 12 percent.

costs less than 12 percent.

as a percent of total program
costs less than 12 percent.?

adjusted uncosted obligated

Support excluding earmarks) in

Support excluding earmarks) in

[MET]

balances to a range of 20-25
percent by reducing program

relation to total program costs
of less than 12 percent.

annual adjusted uncosteds by
10 percent in 2005 relative to
the /Fuel Cell Program

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

[MET]

relation to total program costs
of less than 12 percent. [MET]

& Administrative costs are comprised of Program Direction and elements of Program Support (Technology Advancement and Outreach; and Planning, Analysis and
Evaluation), baseline and targets under development.
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Fuel Cell Systems R&D
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Fuel Cell Systems R&D - — 61,443
SBIR/STTR =2 - 1,770
Total, Fuel Cell Systems R&D — - 63,213

Description

The Fuel Cell Systems R&D subprogram is a new subprogram proposed for FY 2010. This
modification was made to better reflect Fuel Cell Technologies program activities in FY 2010.

In FY 2010, FCT proposes to re-focus its efforts on fuel cell systems for stationary, portable and
transportation applications. Fuel Cell Systems R&D will develop multiple fuel cell technologies
(including solid-oxide, alkaline and polymer electrolyte membrane fuel cells) for multiple fuel sources
(including diesel, natural gas, bio-derived renewable fuels such as methanol, and fuels derived from
other renewable resources). Applications include distributed generation, backup power, auxiliary
power units (APUs), portable power systems, material handling equipment, specialty vehicles, and
transportation. Distributed generation and backup power systems supported by this activity may be
grid-tied or grid-independent, utilize waste heat, operate directly with hydrogen or natural gas, or use
reformers to operate with natural gas, bio-derived fuels or coal-derived fuels.

The core of Fuel Cell Systems is materials R&D for fuel cell stack components. These efforts will lead
to cost reduction and an increase in fuel cell stack durability, enabling fuel cells to transition from a
niche market to a robust portfolio of applications, allowing the economic and environmental benefits
that are shown in niche applications to expand into larger markets. As recommended in the 2008
National Research Council (NRC) report,” FCT reallocated funding to prioritize and emphasize the
R&D that addresses the most critical barriers, such as membranes, catalysts, electrodes, and modes of
operation. The program is also placing greater emphasis on the science and engineering at the cell level
and, from a systems perspective, on integration and subcomponent interactions. In addition, the
program is reducing research on carbon-based supported catalysts in favor of developing carbon-free
electrocatalysts.

Several years ago, the cost of a fuel cell "stack™ (core) was much higher than the cost of the rest of the
fuel cell system ("balance of plant™), thus R&D funding focused on reducing the stack cost. Those
R&D efforts succeeded in reducing the cost of fuel cell stacks to the point at which their projected high-
volume cost is nearly equal to the cost of the rest of the fuel cell system. In FY 2010, the program will
therefore increase emphasis on balance-of-plant component R&D (humidification, heat management,
and air compression) that can lead to lower cost and lower parasitic loss. Fuel processors will enable

8 SBIR/STTR funding was transferred to the Science appropriation in FY 2008.

® National Research Council of the National Academies; Committee on Review of the FreedomCAR and Fuel Research
Program, Phase 2; Board on Energy and Environmental Systems, Division on Engineering and Physical Sciences; Review of
the Research Program of the FreedomCAR and Fuel Partnership: Second Report, (Washington, DC: National Academies
Press, 2008)
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the conversion of fuels such as methanol, ethanol, biomass derived liquids, natural gas, propane or
diesel into hydrogen for use in fuel cells, and will result in fuel processors for integrated distributed
applications and catalysts suitable for a variety of fuel processing applications.

Integration of components into fuel cell systems ensures the developed components will operate
together as they are intended. Fuel cell system modeling will serve to guide component R&D, help to
benchmark complete systems before they are built and explore alternate system components and
configurations. The modeling activity includes the effect of impurities and evaluating water and
thermal management strategies. System control optimizations for efficiency and mitigation of
degradation will improve performance and durability, while lowering cost. Analytical tools have been
developed and are used to view water transport within bipolar plate channels and gas diffusion media in
order to maintain enough humidity in the stack while purging product water and preventing product
water from freezing inside the fuel cell stack in sub-freezing environments.

Benefits

Fuel cells offer significant benefits for a wide range of applications. These include direct benefits for
the end-user, including improved performance and reliability, and reduced lifecycle costs. Broader
benefits for the Nation include reduced petroleum consumption, reduced greenhouse gas emissions, and
a more secure, diversified energy infrastructure.

Fuel cells use a highly efficient electrochemical process to produce electricity from a variety of fuels.
Fuel cells have gained traction in the marketplace for a few applications that are proven to be
economically feasible and beneficial, and can be competitive in other markets. Continuing
technological progress will allow fuel cells to expand into applications and markets that have more
stringent requirements in terms of cost, durability, and performance. The growth of current markets and
expansion into broader markets will allow fuel cell technologies to have significant economic and
environmental benefits on a national scale.

Applications for fuel cells that are currently commercially viable or are expected to achieve viability in
the near-term include specialty vehicles (including material handling, airport ground support vehicles),
backup power, auxiliary power units, primary power systems, combined heat and power systems, and
portable power. Although fuel cells used to power light-duty vehicles stand to provide the greatest
benefits, they also face some of the steepest challenges including stringent technical requirements for
fuel cell cost, durability and operating conditions, significant investment in infrastructure, and the need
for large-scale and well-refined manufacturing capability in order to compete with incumbent
technologies.

As fuel cells become viable in each new market, the resulting increase in market demand will help
reduce costs through economies of scale, promote consumer acceptance, expand the infrastructure, and
develop domestic mass manufacturing techniques and capacity, paving the way for future applications.
The current FCT focus emphasizes near-term applications that can provide benefits in real-time. As the
industry matures through success of near-term applications, transportation applications will become
viable.

Fuel cells offer a highly efficient and fuel-flexible technology for distributed power generation and
combined heat-and-power (CHP) systems. Key applications include primary power for critical load
facilities and remote power applications, power for locations where inexpensive fuel cell-compatible
fuels are available (such as wastewater treatment gases and industrial byproducts), and CHP for
residential and commercial buildings. While this effort supports small to mid-size fuel cell systems,

Energy Efficiency and Renewable Energy/
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DOE’s Office of Fossil Energy (FE) develops large-scale solid-oxide fuel cell systems for utility-scale
distributed generation.

Fuel cells can provide the benefits of distributed generation, such as elimination of electrical
transmission and distribution losses, increased reliability, and reduction of peak demand on the electric
grid. In addition to these benefits, fuel cells provide higher efficiency, and can make use of waste gases
found at municipal landfills, agricultural sites, wastewater treatment, and food and beverage processing
plants (methane-based biogas and hydrogen-rich waste streams) as renewable energy resources. Using
these resources not only offsets demand of conventional energy sources, but also prevents the release of
climate-damaging gases.

Fuel Cell Systems R&D reduces the cost, and increases the durability, reliability, and efficiency of
stationary fuel cell systems. For example, the table below shows that R&D has lead to significant
improvement in electrical efficiency of primary power stationary fuel cell systems.

Primary Fuel Cell Power System Performance Metrics: Electrical Efficiency

Year Target % Actual %
2002 29 29
2003 30 30
2004 31 31
2005 32 32
2006 32 32
2007 34 34
2008 35 35
2009 36 -
2010 38 -
2011 40 —
2012 40 —
2013 40 -

Distributed Stationary Prime-Power (including combined heat-and-power)

Fuel cells have unique advantages in CHP applications. Currently in the U.S., two thirds (or about 28
quadrillion Btu) of the total energy consumed for power generation is lost in the form of waste heat.?
The vast majority of this energy loss occurs at centralized power generation facilities. The advantage of
CHP systems is that they are able to utilize the heat that would otherwise be lost, and thereby reduce
total energy consumption. CHP systems are typically able to use as much as 80 percent of the fuel
energy, compared to the roughly 34 percent efficiency of grid-power generation®. Fuel cells are
uniquely suitable for many commercial and residential applications due to their quiet and vibration-free
operation, their ability to use existing natural gas fuel supply, their low operation and maintenance
requirements, and their ability to maintain high efficiency over a wide range of loads.

2 Energy Information Administration Annual Energy Review, 2007

> Combined Heat and Power: Effective Energy Solutions for a Sustainable Future, Oak Ridge National Laboratory, 2008.
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Backup Power

Fuel cells have emerged as an economically viable option for providing backup power, particularly for
telecommunications towers, data centers, hospitals, and communications facilities for emergency
services. Compared with batteries, fuel cells offer longer continuous run-time and greater durability in
harsh outdoor environments under a wide range of temperature conditions. And compared with
generators, fuel cells are quieter and have low to zero emissions (depending on fuel source). In addition,
they require less maintenance than both generators and batteries. In a study for DOE, Battelle
Memorial Institute found that fuel cells can provide potential savings in the lifecycle cost of backup
power for emergency response radio towers, where 2 to 5kW of power are required, with runtimes of
eight to 72 hours. The current U.S. market size for emergency backup power for wireless
communication is approximately 200,000 sites.® Backup power systems need at least eight hours of
available power during a grid power failure for each wireless communication tower. The potential U.S.
market for emergency back-up fuel cells applied to existing towers is approximately 40,000 units per
year and 50,000 units per year of new towers.

Specialty Vehicles

Fuel cells powered by hydrogen have become a cost-competitive option for powering specialty vehicles
such as forklifts. Many specialty vehicles require power in the 5 to 20kW range, and often operate in
indoor facilities and locations where air quality is important and internal combustion engines cannot be
used. Like batteries, fuel cells do not emit criteria pollutants (e.g., NOy, SOy, and CO) at the point of
use. Fuel cells can increase productivity because they can be rapidly refueled, eliminating the time and
labor spent charging and changing batteries. This makes fuel cells a particularly appealing alternative
to battery-powered forklifts used continuously in two to three shifts per day. Furthermore, batteries
require significant space for charging, storage and change-outs, and the power output of batteries
diminishes as they are discharged, while fuel cell power remains constant. Forklifts powered by fuel
cells can provide significant potential savings in lifecycle costs over battery-powered forklifts. The
electric battery-powered lift truck market is approximately 600,000 units annually worldwide. A

50 percent share of this market by U.S. fuel cell manufacturers would add more than 20,000 U.S.
manufacturing jobs.”

Auxiliary Power Units (APUS)

Fuel cells can provide auxiliary power for tractor trailers, recreational vehicles, yachts, commercial
ships, locomotives, jets and similar applications that frequently use power while stationary, which is
very inefficient for the large primary motive-power engines to provide. Every year, locomotive and
truck engine idling emits 11 million tons of CO,, 200,000 tons of NOy, and 5,000 tons of particulate
matter.© For these reasons, idling restrictions have been placed on trucks in some states. In comparison
to internal combustion engine (ICE) generators, fuel cells are more efficient and operate much more
quietly. Fuel cells produce no NOy, SOy, or particulate emissions, and can utilize a number of fuels:
hydrogen, propane, diesel, methanol and ethanol. They can be used in EPA designated nonattainment
areas, where emissions restrictions prevent other technologies, such as ICE generators, from being used.

& Fuel Cells in Distributed Telecomm Backup, Citigroup Global Markets, August 24, 2005. Identification and
Characterization of Near Term Fuel Cell Markets,” Battelle Memorial Institute, April, 2007

> 8kW per unit X $3,000/kwW X 300,000units = $7.2 Billion X 3 Mfg jobs (per $1 million) = 21,600

¢ Blake, Gary D., “Solid Oxide Fuel Cell System Development for Auxiliary Power in Heavy Duty Vehicle Applications”,
Delphi Corporation.
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Portable Power

Fuel cells for portable applications are beginning to enter the consumer marketplace. Portable fuel cells
are being developed for a range of applications including use in cell phones, cameras, PDAs, MP3
players, and laptops, as well as portable generators and battery chargers, and can use diverse fuels such
as propane, hydrogen, and methanol. Benefits over current technologies include smaller packaging,
lower weight, elimination of recharge time, and longer run-time. Some small fuel cells are beginning to
become commercially available for some portable consumer electronic devices.

Transportation Applications

In transportation applications, fuel cell systems could substantially reduce the Nation’s dependence on
imported petroleum and emissions of CO, and criteria pollutants. Fuel cell systems produce only water
and heat as byproducts, thus there are no direct emissions of CO, or criteria pollutants at the point of
use. In addition, fuel cells are powered by fuels that can be produced from a diverse and domestic
portfolio of energy resources.

Fuel cells have the greatest potential for reducing CO, emissions within the transportation sector,
particularly in light-duty vehicles. Analysis of well-to-wheels emissions using models developed by
Argonne National Laboratory indicate that the use of fuel cell vehicles will produce among the lowest
quantities of GHGs per mile of all conventional and alternative vehicle and fuel pathways being
developed. Even in the case where hydrogen is produced from natural gas, the resulting emissions per
mile traveled in 2020 will be more than 50 percent less than those from advanced gasoline internal
combustion engine vehicles, 20 percent less than those from advanced gasoline hybrid vehicles, and
more than 15 percent less than those from gasoline powered plug-in hybrid vehicles.?

Fuel cell systems must be cost-competitive in the marketplace. The program established cost targets for
light-duty transportation fuel cell systems in 2002. Research activities will reduce the cost of the
hydrogen-fueled, 80kW fuel cell power systems as indicated below:”

8 DOE Hydrogen Program Record #9002: http://www.hydrogen.energy.gov/program_records.html

b Cost of 80 kW fuel cell power systems estimated for production rate of 500,000 units yearly and includes fuel cell stack
and balance of plant.
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Fuel Cell Power System Performance Metrics
80kW System Cost

Year Target $/kW Actual $/kW
2002 - 275

2003 225 225

2004 200 200

2005 125 110

2006 110 107

2007 90 90

2008 70 73

2009 60 -

Detailed Justification

(dollars in thousands)

FY 2008 FY 2009 FY 2010

Fuel Cell Systems R&D — — 61,443

A key to meeting the goals of fuel cell systems will be improving performance and durability, and
reducing the cost of stack components in fuel cells. For consumer acceptance, the fuel cell system
must be cost-competitive with today’s incumbent technologies and expected advances in
technologies.

In FY 2010, Fuel Cell Systems catalyst R&D will include new Platinum Group Metal (PGM) catalyst
approaches that increase activity and utilization of current PGM and PGM alloy catalysts. Non-PGM
catalyst investigations will provide a better understanding of the active site, including detailed studies
of oxygen reduction reaction mechanisms. Tasks will include development of viable supports that
allow an increase in loading and thickness for these catalysts. Activities will also include
investigation of durable catalysts to enhance stability under start-stop conditions. In situ studies will
examine the effects of catalyst-support interactions, catalyst particle size, and catalyst structure.
Innovative fuel cell component structures will also be investigated. Non-carbon support projects will
develop materials with superior corrosion resistance and with electrical and structural properties that
exceed the properties of carbon.
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(dollars in thousands)

FY 2008 FY 2009 FY 2010

Stack Component R&D will be transferred to Fuel Cell Systems R&D subprogram and will develop
high temperature membranes that allow better catalyst utilization, reduce the negative effects of
impurities and decrease the size of the cooling system, as well as develop bipolar plates and seals that
will be inexpensive and corrosion resistant. In addition, R&D will continue to improve the gas
diffusion layers between the membrane electrode assemblies (MEAS) and bipolar plates to enhance
fuel cell performance. Development of transport models and in situ and ex situ experiments that
provide data for model validation will begin. This effort will include measurement and modeling of
mass and electronic/protonic transport in each layer and interface in an MEA.

In FY 2010, Fuel Cell Systems degradation R&D will include studies of fuel cell materials and
components to identify the degradation mechanisms, as well as approaches for mitigating the effects.
Studies will include the development of integrated degradation models at the component, interface,
and cell levels. The performance of MEAs in a single cell and short stacks will be evaluated and
compared to FY 2010 targets. Impurities present in both the fuel stream and the air intake have a
negative impact on fuel cell performance and durability. In FY 2010, investigation and quantification
of the effects of impurities on fuel cell performance will continue, including parametric studies of the
effect of poisons on cell performance and durability, identification of poisoning mechanisms and
recommendations for mitigation, and modeling of impurity effects on cell performance and durability.
Impurity effects R&D will aid the development of fuel quality standards.

To reduce the amount of time required to evaluate fuel cell components for durability during
development, correlations will be determined between fuel cell component degradation in real-world
applications to accelerated stress testing conducted in National Laboratories. Projects aimed at
evaluating full-scale fuel cell system durability will also begin in FY 2010 because of the inherent
lead time required to prove the durability of full-scale systems as they approach their target
specifications.

Water management continues to be a challenge due to extremes in ambient temperature, humidity,
and pressures at which fuel cells must operate to ensure that the residual water in the system does not
cause damage after shut-down if the water freezes. In FY 2010, Fuel Cell Systems R&D will focus
on the development of low-cost novel and durable humidification materials that perform in all
operating environments while meeting size and weight restrictions. Projects will examine concepts
for novel water management devices and fuel cell system configurations that facilitate water
management. Fuel cell system performance modeling will optimize water management device
concepts and configurations, and ensure development of robust solutions. Third-party evaluation of
fuel cell stacks and systems will increase as these technologies mature.

In FY 2010, portable power R&D will focus on materials such as the anode, cathode, and membrane
improvements for fuel cells that convert methanol to electrical power. Anode and cathode catalyst
loading for portable power fuel cells will be reduced, while improving catalytic activity and
durability. Membrane R&D will be directed to reduce crossover and increase proton conductivity.
Small and durable low power pumps, fans, and power conditioning components for use in portable
power systems will be developed for reliability and packaging.

Auxiliary power R&D will focus on developing fuel cell systems for heavy duty trucks as an
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(dollars in thousands)

FY 2008 FY 2009 FY 2010

alternative to idling the main diesel engine for providing overnight power to the truck’s cab. The fuel
cell APUs (auxiliary power units) will supplement the technologies developed in the Vehicle
Technologies Program's 21st Century Truck Partnership. Because solid oxide fuel cell (SOFC)
technology is more compatible with heavy fuels than polymer electrolyte fuel cells technology, SOFC
technology is being developed for these APU applications in coordination with FE’s SOFC R&D
effort. Cell conductivity, catalyst performance, and chemical degradation issues will also be
addressed. In FY 2010, SOFC hardware will be tested for potential application as an APU on heavy
duty trucks. Results from these tests will help to assess the impact of the critical issues on SOFC
performance and to direct future R&D efforts.

Fuel processors aid the widespread use of fuel cell power technology in distributed applications.
Processing conventional fuels (such as natural gas, propane, methanol, ethanol, biomass derived
liquids, or diesel) enables environmental and efficiency advantages of fuel cell technologies to be
realized in an integrated fuel cell system. The option of using a variety of fuels to power fuel cells
contributes to energy independence.

Activities may include promoting early adoption of fuel cell systems to validate performance,
durability, and reliability through field testing. The Fuel Cell Systems R&D effort is supported by
multiple Research & Development Investment Criteria factors: address market barriers and provide a
public benefit; build on existing technology and complement current R&D; incorporate industry
involvement in planning, industry cost-sharing, performance indicators, and "off ramps"; and is
competitively awarded and peer reviewed.

In addition, these funds may be used to support efforts such as EPAct 2005 and EISA 2007
requirements; peer reviews; data collection and dissemination; and technical, market, economic, and
other analyses.

SBIR/STTR - — 1,770

In FY 2008, no funds were transferred to the SBIR and STTR programs. The FY 2010 amount
shown is the estimated requirement for the continuation of the SBIR and STTR program.

63,213

Total, Fuel Cell Systems R&D
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Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)
Fuel Cell Systems R&D
This activity consolidates and refocuses efforts in the previously funded subprograms
of Fuel Cell Components R&D, Distributed Energy Fuel Cell Systems, Transportation
Fuel Cell Systems, and Fuel Processor R&D. By focusing Fuel Cell Systems R&D on
critical-path issues in materials, stack components, balance-of-plant and integrated fuel
cell systems, and by reducing system demonstrations, the proposed budget is more
streamlined and will have more near-term impacts than the previous structure. +61,443
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. +1,770
Total Funding Change, Fuel Cell Systems R&D +63,213
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Hydrogen Production and Delivery R&D
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Hydrogen Production and Delivery R&D 38,607 9,733 0
SBIR/STTR -2 267 0
Total, Hydrogen Production and Delivery R&D 38,607 10,000 0

Description

Hydrogen Production and Delivery R&D encompassed distributed production through renewable
liquids reforming and electrolysis, and central production through biomass gasification, wind-powered
electrolysis, solar driven high temperature thermochemical cycles, and biological and
photoelectrochemical pathways. It also included the technology for hydrogen delivery: transporting
and distributing hydrogen both to and at fueling sites. In addition, both production and delivery
technologies are applicable for energy storage to enable intermittent, renewable energy resources and
combined heat, hydrogen, and power (CHHP) applications. Work involving coal and nuclear-based
hydrogen production has been funded by the DOE Fossil Energy and Nuclear Energy offices. The DOE
Office of Science conducts basic research to understand the fundamentals of catalysts and of the
biological and photoelectrochemical pathways. Areas of collaboration with other offices include
production technologies such as gasification, reforming, separations, and purification.

In FY 2010 the program is rebalancing its portfolio to focus on fuel cell systems for stationary,
portable, and transportation applications. Due to the long-term nature of Production and Delivery
R&D, further funding requests for this subprogram are deferred. This revised effort is aligned with
DOE’s portfolio of technologies for near-term impact, improved energy efficiency using multiple fuels
and job creation, consistent with Presidential objectives.

8 SBIR/STTR funding was transferred to the Science Appropriation in FY 2008.
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Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)

Hydrogen Production and Delivery R&D
In FY 2010 the program is rebalancing its portfolio to focus on fuel cell systems for
stationary, portable, and transportation applications. Due to the long-term nature of
Production and Delivery R&D, no funding is requested for this subprogram in
FY 2010. -9,733
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. -267
Total Funding Change, Hydrogen Production and Delivery R&D -10,000
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Hydrogen Storage R&D
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Hydrogen Storage R&D 42,371 57,542 0
SBIR/STTR -2 1,658 0
Total, Hydrogen Storage R&D 42,371 59,200 0

Description

Hydrogen Storage R&D focuses primarily on the R&D of on-board vehicular storage systems that
allow for a driving range of more than 300 miles to enable full market penetration across the North
American light-duty vehicle market, within the constraints of weight, volume, safety, durability,
refueling time, efficiency, and total cost, to meet consumer expectations. The Hydrogen Storage
portfolio concentrates on low-pressure, materials-based technologies and will also explore advanced
conformable and low cost tank technologies for hydrogen storage systems to meet performance targets.
In addition, the portfolio includes activities relevant to non-automotive hydrogen storage such as early-
market stationary and materials handling applications, and energy storage to enable renewable energy.

In FY 2010 the program is rebalancing its portfolio to focus on fuel cell systems for stationary,
portable, and transportation applications. Due to the long-term nature of Hydrogen Storage R&D (and
of the market for such storage), funding for this subprogram is deferred in FY 2010. This revised effort
is aligned with DOE’s portfolio of technologies for near-term impact, improved energy efficiency using
multiple fuels and job creation, consistent with Presidential objectives.

Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)
Hydrogen Storage R&D
In FY 2010 the program is rebalancing its portfolio to focus on fuel cell systems for
stationary, portable, and transportation applications. Due to the long-term nature of
Hydrogen Storage R&D (and of the market for such storage), no funding is
requested for this subprogram in FY 2010. -57,542

4 SBIR/STTR funding was transferred to the Science Appropriation in FY 2008.
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FY 2010 vs.

FY 2009
($000)
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. -1,658
Total Funding Change, Hydrogen Storage R&D -59,200
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Fuel Cell Stack Component R&D
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Fuel Cell Stack Component R&D 42,344 61,034 0
SBIR/STTR -2 1,666 0
Total, Fuel Cell Stack Component R&D 42,344 62,700 0

Description

For fuel cell vehicles to be competitive, fuel cell stacks must become less expensive and more durable.
The high cost and insufficient durability of polymer electrolyte membrane (PEM) fuel cell stack
components (the membranes, oxygen reduction electrodes, advanced catalysts, bipolar plates, etc.) are
currently the most challenging hurdles facing the adoption of fuel cell systems. The program’s
collaborative R&D efforts with industry, National Laboratories and academia are focused on the critical
technical barriers of cost, durability, efficiency, and overall performance of fuel cell stack components
for both transportation and stationary applications.

In FY 2010, the program is reprioritizing and restructuring its fuel-cell-related activities, and as a result
this subprogram is not funded in FY 2010. Many activities previously funded in this subprogram will
continue in the new Fuel Cell Systems R&D subprogram.

Benefits

Fuel cells have the potential to enable the reduction of energy use and dependence on imported
petroleum because they are highly efficient and can be powered by fuels that can be produced from a
variety of domestic resources. Fuel Cell Stack Component R&D supports the program’s mission by
focusing on improvement of overall fuel cell performance and durability while lowering cost. These
improvements will help make fuel cells competitive with conventional technologies in order to realize
benefits in energy security and environmental quality.

Explanation of Funding Changes

FY 2010 vs.
FY 2009
(%$000)
Fuel Cell Stack Component R&D
Fuel-cell-related activities are being consolidated and reprioritized in the new Fuel
Cell Systems R&D subprogram. -61,034

SBIR/STTR

8 SBIR/STTR funding was transferred to the Science Appropriation in FY 2008.
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FY 2010 vs.

FY 2009
($000)
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. -1,666
Total Funding Change, Fuel Cell Component R&D -62,700
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Technology Validation
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Technology Validation® 29,612 — 0
SBIR/STTR —° - 0
Total, Technology Validation 29,612 - 0

Description

Technology Validation includes both Fuel Cell Technology Validation and Hydrogen Infrastructure
Validation. Beginning in FY 2009, this activity was funded in the Vehicle Technologies (VT) program,
within the Hybrid Electric Systems subprogram and transfers back to the FCT program in FY 2010;
however, additional funding requests are deferred.

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

Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)
Technology Validation
Beginning with FY 2009, this subprogram was included in the VT budget. In FY 2010
the Technology Validation activity is transferred back from the VT Program to the
FCT as part of a reprioritization of fuel cell and hydrogen-related work. Due to the
program'’s rebalancing of its portfolio to focus on an array of fuel cell technologies,
further funding requests for the Technology Validation activity are deferred. 0

® Funding for Technology Validation appears in the Vehicle Technologies budget in FY 2009 at $15,000,000, but is
included again in Fuel Cell Technologies starting in FY 2010.

b SBIR/STTR funding was transferred to the Science Appropriation in FY 2008.

Energy Efficiency and Renewable Energy/

Fuel Cell Technologies/Technology Validation FY 2010 Congressional Budget

Page 94



FY 2010 vs.

FY 2009
($000)
SBIR/STTR
No change. 0
Total Funding Change, Technology Validation 0

Energy Efficiency and Renewable Energy/
Fuel Cell Technologies/Technology Validation FY 2010 Congressional Budget

Page 95



Transportation Fuel Cell Systems
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Transportation Fuel Cell Systems 7,718 6,424 0
SBIR/STTR A 176 0
Total, Transportation Fuel Cell Systems 7,718 6,600 0

Description

In FY 2010, the program is reprioritizing and restructuring its fuel-cell-related activities to cover a
broader array of fuel cell types and applications, and as a result this subprogram is not funded in
FY 2010. Some activities previously funded in this subprogram may continue in the new Fuel Cell
Systems R&D subprogram.

Transportation Fuel Cell Systems R&D supports the program’s mission by developing system balance
of plant components and optimizing operating strategies to improve performance and durability, while
lowering cost. The improvements help to make energy efficient and zero emissions fuel cells
competitive with conventional technologies, contributing to DOE’s initiatives for energy security,
environmental quality and energy productivity.

The Transportation Fuel Cell Systems activity involves R&D and analyses that address key barriers to
developing fuel cell systems for transportation. Key challenges addressed in this subprogram include
the cost, durability, performance and size of water, thermal, and air management devices that meet
automotive requirements. This activity supports the development of component technologies critical to
systems integration, as well as system performance. The activity also supports cost-modeling activities
that serve to guide component R&D, benchmarks progress of complete systems and explores alternate
system components and configurations. Other activities include modeling of impurity effects and
evaluating water and thermal management configurations. In addition to passenger vehicles, other
applications supported include material handling equipment and replacing diesel-fueled auxiliary power
units for heavy duty trucks. For off-road applications, issues such as vibration, dust, contaminants and
harsh duty cycles that could have an adverse effect on stack performance and life are addressed.

Benefits

Research activities for transportation applications (including transportation systems and stack
component R&D) have been projected to reduce the cost of the hydrogen-fueled, 80kW vehicle fuel cell
power systems through FY 2009 as indicated below:”

8 SBIR/STTR funding was transferred to the Science Appropriation in FY 2008.

b Cost of 80 kW vehicle fuel cell power systems estimated for production rate of 500,000 units yearly and includes fuel cell
stack and balance of plant.
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Fuel Cell Power System Performance Metrics
80 kW System Cost

Year Target $/kW Actual $/kwW
2002* — 275
2003* 225 225
2004* 200 200

2005 125 110

2006 110 107
2007 90 90
2008 70 73
2009 60 —

* Costs in years 2002 to 2004 are for a 50 kW System

Detailed Justification

(dollars in thousands)

FY 2008 FY 2009

FY 2010

Transportation Fuel Cell Systems 7,718 6,424

In FY 2010, there will be no work performed in this key activity, any continuing work will be

conducted as needed under Fuel Cell Systems R&D.

SBIR/STTR - 176 0
In FY 2009, $176,000 was transferred to the SBIR and STTR programs.
Total, Transportation Fuel Cell Systems 7,718 6,600 0
Explanation of Funding Changes
FY 2010 vs.
FY 2009
(%$000)
Transportation Fuel Cell Systems
Fuel-cell-related activities are being consolidated and reprioritized in the new Fuel
Cell Systems R&D subprogram. -6,424
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. -176
Total Funding Change, Transportation Fuel Cell Systems -6,600
Energy Efficiency and Renewable Energy/
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Distributed Energy Fuel Cell Systems
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Distributed Energy Fuel Cell Systems 7,461 9,776 0
SBIR/STTR -2 224 0
Total, Distributed Energy Fuel Cell Systems 7,461 10,000 0

Description

Distributed Energy Systems supports R&D for distributed generation, backup power, auxiliary power
units (APUs), portable power systems, and material handling equipment. Distributed generation and
backup power systems supported by this activity may be grid-tied or grid-independent, utilize waste
heat, operate directly with gaseous fuels, or use reformers to operate with natural gas, bio-derived fuels
or coal-derived fuels.

In FY 2010, the program is reprioritizing and restructuring its fuel-cell-related activities to cover a
broader array of fuel cell types and applications, and as a result this subprogram is not funded in

FY 2010. As this subprogram leverages improved materials developed in Fuel Cell Component R&D,
such as high-temperature membranes, catalysts and improved fuel cell stack component durability, any
continuing activities will be completed within the new Fuel Cell Systems R&D subprogram.

Benefits

Distributed generation fuel cell systems provide high efficiency and reliability for uninterruptible power
sources, remote power and back-up power. Applications include highly efficient fuel cell heating
appliances for residential and commercial buildings that cogenerate electricity, highly reliable and cost-
effective fuel cell systems which meet the requirements for critical loads and remote power
applications, and power for locations where inexpensive fuel cell-compatible fuels are available.
Backup power applications include critical loads such as data centers, telecommunication facilities,
hospitals, and first-responders. Portable power fuel cell systems are being developed for consumer
electronics applications, emphasizing energy density and refueling via fuel cartridge exchange rather
than re-charging batteries. While this subprogram supports small to mid-size fuel cell systems, DOE’s
Office of Fossil Energy develops large-scale solid-oxide fuel cell systems for utility-scale distributed
generation.

R&D focuses on overcoming the barriers to stationary fuel cell systems, including cost, durability, heat
utilization, start-up time, managing power transients and optimizing control to maximize system
efficiency for given power demand. Improvements will help accelerate commercialization of fuel cells
by achieving the 2011 stationary system durability target of 40,000 hours and cost of $750 per kW,
making fuel cells competitive with conventional technologies.

Distributed Energy Fuel Cell Systems activities include development of fuel cell systems for heavy-
duty vehicle applications to reduce fuel consumption and emissions in commercial trucks that idle their

# SBIR/STTR funding was transferred to the Science Appropriation in FY 2008.
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main engines to supply accessory power when parked for long durations.

Fuel cell systems for portable power can potentially provide much longer run-times than batteries for
consumer electronics and are also being developed as an early market application. The size constraints
for portable power systems result in packaging challenges and require development of small-scale
balance of plant components. Methanol, sodium borohydride and other fuels are used. In some cases,
the behavior of liquid reactants or the release of hydrogen from a solid hydrogen carrier must be
addressed.

Activities may include promoting early adoption of these systems to validate performance, durability,
and reliability and conduct field testing. Commercialization of fuel cells for portable power aid in
developing the manufacturing base and will introduce the technology to consumers, thus paving the
way for fuel cell systems being used in other applications.

Stationary Fuel Cell Power System Performance Metrics: Electrical Efficiency

Year Target % Actual %
2002 29 29
2003 30 30
2004 31 31
2005 32 32
2006* 32 32
2007 34 34
2008 35 35
2009 36 -

* Virtually all work was deferred due to reduced funding. Targets were delayed one year.

Detailed Justification

(dollars in thousands)

FY 2008 FY 2009 FY 2010

Distributed Energy Fuel Cell Systems 7,461 9,776 0

In FY 2010, there will be no work performed in this key activity, any continuing work will be
conducted as needed under Fuel Cell Systems R&D.

SBIR/STTR - 224 0
In FY 2009, $224,000 was transferred to the SBIR and STTR programs.

Total, Distributed Energy Fuel Cell Systems 7,461 10,000 0
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Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)

Distributed Energy Fuel Cell Systems
Fuel-cell-related activities are being consolidated and reprioritized in the new Fuel
Cell Systems R&D subprogram. -9,776
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. -224
Total Funding Change, Distributed Energy Fuel Cell Systems -10,000
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Fuel Processor R&D
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Fuel Processor R&D 2,896 2,933 0
SBIR/STTR - 67 0
Total, Fuel Processor R&D 2,896 3,000 0

Description

Fuel Processor R&D was previously conducted to enable the conversion of fuels such as methanol,
ethanol, biomass derived liquids, natural gas, propane or diesel into hydrogen for use in fuel cells. Fuel
Processor R&D resulted in fuel processors for integrated distributed applications and catalysts suitable
for a variety of fuel processing applications. On-board fuel processing for transportation applications
was discontinued as a result of the program’s *"no go™ decision in 2004, and in FY 2009, development
of fuel processors for stationary (distributed energy) fuel cell applications concluded. Any future fuel-
processing R&D needs can be best addressed within the context of the specific type of fuel cell and
application where the processing is needed.

In FY 2010, the program is reprioritizing and restructuring its fuel cell-related activities to cover a
broader array of fuel cell types and applications, and as a result this subprogram is not funded in
FY 2010. Some activities previously funded in this subprogram may continue in the new Fuel Cell
Systems R&D subprogram.

Benefits

Fuel Processor R&D has supported the FCT mission by developing the subsystem that aids the
widespread use of fuel cell power technology in distributed applications. Processing conventional fuels
(such as natural gas, propane, methanol, ethanol, biomass derived liquids, or diesel) enables
environmental and efficiency advantages of fuel cell technologies to be realized in an integrated fuel
cell system without needing a hydrogen-delivery infrastructure. The option of using a variety of fuels
to power fuel cells contributes to energy independence.

Detailed Justification
(dollars in thousands)

FY 2008 FY 2009 FY 2010

Fuel Processor R&D 2,896 2,933 0
In FY 2010, there will be no work performed in this key activity because stand-alone fuel processing

4 SBIR/STTR funding was transferred to the Science Appropriation in FY 2008.
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(dollars in thousands)

FY 2008 FY 2009 FY 2010

work has been completed. Further refinements, within the context of a complete system, will be
conducted as needed under Fuel Cell Systems R&D.

SBIR/STTR - 67 0

In FY 2008, $69,000 and $8,000 were transferred to the SBIR and STTR programs respectively. The
FY 2009 and 2010 amounts shown are estimated requirements for the continuation of the SBIR and
STTR program.

Total, Fuel Processor R&D 2,896 3,000 0

Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)

Fuel Processor R&D
This decrease reflects completion of stand-alone fuel processor work. System-
integrated fuel processor development for distributed power systems will be performed
as needed within the Fuel Cell Systems R&D subprogram. -2,933
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected reallocation of continuing work to other areas. -67
Total Funding Change, Fuel Processor R&D -3,000
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Safety and Codes and Standards
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Safety and Codes and Standards® 15,442 - 0
SBIR/ISTTR —° - 0
Total, Safety and Codes and Standards 15,442 - 0

Description

Beginning in FY 2009, the Safety and Codes and Standards subprogram was funded in the Vehicle
Technologies Program and is transferred back to FCT in FY 2010. Due to the program'’s rebalancing
of its portfolio to focus on an array of fuel cell technologies, further funding requests for the Safety and
Codes and Standards activity are deferred.

The Safety and Codes and Standards subprogram funded research to provide the technical data on
hydrogen technologies (such as fuel cells and hydrogen production, storage, and distribution systems)
that are necessary to support and inform the codes and standards development process. Its work
included studies to determine the flammability, reactive, and dispersion properties of hydrogen. It also
subjected components, subsystems, and systems to environmental conditions that could result in failure
to check design practices and failure-mode prediction analysis.

Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)
Safety and Codes and Standards
Beginning with FY 2009, this subprogram was included in the Vehicle Technologies
budget. In FY 2010 the Safety and Codes and Standards activity is transferred back
from the Vehicle Technologies Program to the FCT as part of a reprioritization of fuel
cell and hydrogen-related work. Due to the program's rebalancing of its portfolio to
focus on an array of fuel cell technologies, further funding requests for the Safety and
Codes and Standards activity are deferred. 0
SBIR/STTR
No Change. 0
Total Funding Change, Safety and Codes and Standards 0

# Funding for Safety and Codes and Standards appears in the Vehicle Technologies budget in FY 2009 at $12,500,000, but
is included again in Fuel Cell Technologies starting in FY 2010.
b SBIR/STTR funding was transferred to the Science Appropriation in FY 2008.
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Education
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Education® 3,865 — 0
SBIR/STTR 0 — 0
Total, Education 3,865 — 0

Description

Beginning in FY 2009, hydrogen education activities were funded within the Vehicle Technologies
budget and in FY 2010 they transfer back to the FCT Program.

In FY 2010 the program is rebalancing its portfolio to focus on fuel cell systems for stationary,
portable, and transportation applications, expanding its coverage to include multiple fuels and fuel cell
technologies. Because of the focus of the Education subprogram on a single long-term fuel type,
further funding requests for this subprogram are deferred.

Education aids in overcoming institutional barriers to widespread use of hydrogen. Education activities
have been designed to increase understanding of hydrogen and fuel cell technologies, the facts about
hydrogen safety, and the role that certain key target audiences can play in advancing the development
and use of hydrogen as an energy carrier. Target audiences, identified by key government and industry
stakeholders in the National Hydrogen Energy Roadmap, include state and local government
representatives, safety and code officials, potential end-users, and the public. Over the long term,
education of teachers and students will also be required.

& Funding for Education appears in the Vehicle Technologies budget in FY 2009 at $4,200,000, but is included again in Fuel
Cell Technologies starting in FY 2010.
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Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)
Education
Beginning with FY 20009, this subprogram was included in the Vehicle Technologies
budget. In FY 2010 the Education activity is transferred back from the Vehicle
Technologies Program to the FCT as part of a reprioritization of fuel cell and
hydrogen-related work Due to the program's rebalancing of its portfolio to focus on an
array of fuel cell technologies, further funding requests for the Education activity are
deferred. 0
SBIR/STTR
No change. 0
Total Funding Change, Education 0
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Systems Analysis
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Systems Analysis 11,099 7,508 4,860
SBIR/STTR -2 205 140
Total, Systems Analysis 11,099 7,713 5,000

Description

The Systems Analysis subprogram supports the development of independent systems analysis and
evaluation functions to identify the energy efficiency, economic, and environmental impacts of various
fuel cell and fuel technology pathways by assessing associated cost elements and drivers, identifying
key costs and technological gaps, evaluating the status and validation of research results, determining
the market growth and job creation through application of fuel cell technologies, and assisting in the
prioritization of research and development directions.

Benefits

The Systems Analysis subprogram provides the analytical and technical basis for informed decision-
making for the Fuel Cell Systems R&D direction and prioritization. Systems Analysis is an essential
component of the program in terms of understanding and assessing market growth and job creation,
technology needs and progress, potential environmental impacts, and the energy-related economic
benefits of fuel cells across applications and for multiple fuel pathways. This analysis assesses
technology manufacturing and market uptake, R&D gaps, planning and budgeting, and interactions
with other energy domains. The subprogram results provide metrics for multiple components,
subsystems and systems that are needed to determine customer requirements and to support annual
updates to key program planning documents that provide the current direction and planned milestones
for the program.

The subprogram is supported by multiple Research Development Investment Criteria (RDIC) factors:
builds on existing technology and complements current R&D; incorporates industry involvement in
planning, industry cost-sharing, and performance indicators; and, is competitively awarded and peer
reviewed.

4 SBIR/STTR funding was transferred to the Science Appropriation in FY 2008.
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Detailed Justification

(dollars in thousands)

FY 2008 FY 2009 FY 2010

Systems Analysis 11,099 7,508 4,860

Systems Analysis provides the analytical and technical basis for determining technology gaps for
R&D prioritization. The subprogram will quantify energy efficiency, economic, and environmental
benefits of fuels across applications and for multiple fuel pathways, and optimize cross-cutting
synergies with other renewable technologies. In FY 2010, the subprogram will develop the new
analytical models and tools to help quantify benefits and identify gaps for various applications, such
as materials handling, stationary and portable power, and combined heat and power. The new models,
combined with existing systems analysis models, will enable the program to identify resource
limitations, options for stationary power production from fuel cells, renewable fuel supply evolution,
infrastructure issues, and the potential environmental impacts of wide scale commercialization.

Building on efforts completed in FY 2009 to develop the Macro System Model (MSM), which
provides overarching analysis for the program, additional linkages will be developed in FY 2010 to
provide analytical capabilities for market and job creation analysis in the near- and mid-term.
Additional features will be added to the MSM to enable evaluation of the benefits of integrating
stationary power generation with the electrical sector.

In collaboration with the Fuel Cells Systems R&D subprogram, the subprogram will:

= Develop models for program analysis with emerging cost, performance, yield and environmental
information from independent reviews and research projects. Model experts and project
representatives will perform required model upgrades to improve model capabilities and
representation of actual technology performance;

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

= Assess market penetration, job creation and opportunities for fuel cell applications in the near
term, such as materials handling, backup power, and residential combined heat and power (CHP)
markets; and

= Update and maintain the Analysis Portfolio, the prioritized analysis list, and the Analysis
Resource Center database, to ensure analysis consistency and transparency. The program will also
update the Systems Analysis Plan, Technical Requirements Document and the Multi-Year
Research, Development and Demonstration Plan.

Integration of stationary fuel cell power generation for the electrical sector will be examined to
determine the potential benefits of and synergistic impact on cost and GHG reductions. Cross-cutting
analysis of tradeoffs and synergies amongst regions for infrastructure and resource availability will be
completed. Market studies, including an assessment of the opportunities for early market applications
of fuel cells and the resulting impacts on job growth, will be conducted. The effects of a Federal fuel
cell acquisition program on fuel cell cost reduction will be estimated. Program element risk analysis
will be conducted with Systems Integration to evaluate progress towards program targets and goals.
In addition, these funds will be used to support peer reviews as required.
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(dollars in thousands)

FY 2008 FY 2009 FY 2010

SBIR/STTR — 205 140

In FY 2008, $265,000 and $31,000 were transferred to the SBIR and STTR programs respectively.
The FY 2009 and 2010 amounts shown are estimated requirements for the continuation of the SBIR
and STTR program.

Total, Systems Analysis 11,099 7,713 5,000

Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)

Systems Analysis
With the reprioritization of the program's fuel cell activities, less vehicle-related
systems analysis will be needed, and this activity will focus on identification of
technology gaps across a range of fuel cell types and applications. -2,648
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. -65
Total Funding Change, Systems Analysis -2,713
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Market Transformation
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Market Transformation — 4,740 0
SBIR/STTR -2 7 0
Total, Market Transformation — 4,747 0

Description

The Market Transformation subprogram accelerates commercialization of fuel cell power systems. The
goal of these activities is to eliminate non-technical barriers and increase opportunities for market
expansion. The pathway to expanded use of fuel cells will likely include the introduction of direct
hydrogen polymer electrolyte membrane (PEM) fuel cells in near-term markets with fewer technical
and cost challenges than later developing markets. By increasing product purchases, these early market
applications will accelerate development of manufacturing capability and domestic supplier base, and
reduce manufacturing costs. Early markets facilitate the development of codes and standards, raise
public acceptance and increase market demand.

The most promising near-term opportunities for PEM fuel cells are in specialty vehicle and backup
power applications, as described in an evaluation conducted by Battelle Memorial Institute.” Some
PEM fuel cell systems are commercially available to support these applications and offer several
potential advantages over current technologies, including lower emissions, lower O&M requirements,
and longer runtimes. However, the incremental cost as compared with conventional technologies is
preventing widespread adoption of hydrogen and fuel cell systems.

PEM fuel cells can provide standby or emergency power to ensure uninterrupted service. These fuel
cells can be used to provide electricity that meets standard backup requirements (e.g., in blackout
conditions), as well as high quality backup power requirements for industries such as financial services
and telecommunications, which are willing to pay more to secure reliable service. In backup
applications, efficiency is not as critical as reliability and availability of the system. PEM fuel cells in
these applications provide longer runtimes than batteries. They also have low operations and
maintenance requirements, and have no emissions as compared to generators. PEM fuel cells can be
less expensive, on a life cycle basis, than lead acid batteries because they do not require replacement as
often. The FCT program pursues competitively awarded cost shared projects with industry and
government that collect valuable data to validate the technology in the field and increase acceptance of
fuel cell technologies. These projects increase consumer confidence and promote the adoption of these
technologies without government financial assistance. Market Transformation activities are consistent
with EPAct 2005 provisions that recognize the need for activities in addition to R&D for disruptive
technologies with major societal benefits.

Specialty vehicle users, such as lift truck operators, are looking for alternatives to batteries to increase
runtime and productivity, to reduce safety risks, and to reduce O&M costs associated with battery and

8 SBIR/STTR funding was transferred to the Science appropriation in FY 2008.

® http://www1.eere.energy.gov/hydrogenandfuelcells/news_detail.html?news_id=10798
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internal combustion engine powered vehicles. PEM fuel cells can provide value over battery-powered
forklifts in high productivity environments. When forklifts are operated under conditions of near
continuous use, fuel cell vehicles are significantly less expensive than similar battery-powered systems
from a life cycle cost perspective. Advantages of PEM fuel cell systems operating under such
conditions include rapid refueling, eliminating time and cost of replacing batteries, constant voltage
delivery, productivity increases by eliminating battery recharging time, fewer repairs due to fewer
moving parts, and elimination of battery storage/changing rooms. Federal agencies can play a critical
role in enhancing the market introduction of new technologies by being early adopters to stimulate
initial markets. The FCT program collaborates with DOD in deploying fuel cell lift trucks in several
locations and supports Federal deployments for backup power applications. In addition, the program
considers providing financial assistance to industry in the form of cost-sharing for fuel cell purchases.
These purchases generate “market pull” — stimulating market demand — for certain applications.

Benefits

Early market fuel cell deployments stimulate market pull and facilitate the market penetration of
hydrogen and fuel cell products through volume purchases of these technologies.

Higher volume purchases of these technologies are expected to lower market barriers by: (a) enabling
developers to move down the learning curve, reduce manufacturing costs, and develop manufacturing
capability; (b) increasing public awareness of hydrogen and fuel cell technologies; (c) enabling
assessments of infrastructure needs (which will help to develop codes and standards and lay the
groundwork for financing); (d) creating a demand for technology developers, which will, in turn,
encourage expansion of relevant training and education opportunities; and, (e) familiarizing the end-
user communities with the technologies.

Detailed Justification
(dollars in thousands)
FY 2008 | FY 2009 | FY 2010

Market Transformation — 4,740 0

To facilitate early adoption of hydrogen and fuel cell technologies, the Market Transformation
subprogram uses cost-shared projects with partners from industry and government agencies (Federal,
state and local) to deploy fuel cell systems in stationary and transportation applications such as
specialty vehicles. Such applications include warehouse lift-trucks currently employing battery or
internal combustion systems, and fuel cells for battery recharging.

This effort supports projects enabling Federal, state, and local government leadership in the adoption
of fuel cells for critical early markets including emergency back up power, lift trucks, and data center
power. Projects at Federal agencies are supported on a cost-shared basis through interagency
agreements. State and local governments are supported through competitively—awarded, cost-shared
grants that include industry participation. These projects stimulate the development of a domestic
supply base. All projects incorporate a data collection element, providing important third-party test
data that validate performance characteristics and help to increase consumer acceptance of fuel cell
technologies.
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(dollars in thousands)
FY 2008 | FY 2009 | FY 2010

The Market Transformation subprogram builds on existing technology and complements current R&D
in support of the program plan.

SBIR/STTR — 7 0

In FY 2008, no funds were transferred to the SBIR and STTR programs. The FY 2009 and 2010
amounts shown are estimated requirements for the continuation of the SBIR and STTR program.

Total, Market Transformation — 4747 0

Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)

Market Transformation
Market transformation activities are being accelerated with Recovery Act funding, thus
additional funding is not requested in FY 2010. -4,740
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. -7
Total Funding Change, Market Transformation R&D -4,747

Energy Efficiency and Renewable Energy/
Fuel Cell Technologies/Market Transformation FY 2010 Congressional Budget

Page 111




Manufacturing R&D
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Manufacturing R&D 4,826 4,867 0
SBIR/STTR 2 133 0
Total, Manufacturing R&D 4,826 5,000 0

Description

Manufacturing R&D has supported the FCT technology readiness goal by developing advanced high-
volume fabrication and process technologies for hydrogen fuel cells, storage, production and delivery
materials, components and systems that meet the cost targets critical for mass penetration in the light-
duty vehicle, stationary power, back-up power, and material handling markets. Due to the program's
rebalancing of its portfolio to focus on an array of fuel cell technologies, funding for the Manufacturing
R&D activity is deferred.

Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)

Manufacturing R&D
Due to the program'’s rebalancing of its portfolio to focus on an array of fuel cell
technologies, funding for the Manufacturing R&D activity is deferred. -4,867
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities and projected allocation among activities. -133
Total Funding Change, Manufacturing R&D -5,000

4 SBIR/STTR funding was transferred to the Science Appropriation in FY 2008.
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Biomass and Biorefinery Systems R&D
Funding Profile by Subprogram

(dollars in thousands)

FY 2009 FY 2009
FY 2008 Current Original Additional FY 2010
Appropriation® Appropriation Appropriation Request
Biomass and Biorefinery Systems R&D
Feedstock Infrastructure 12,144 15,500 - 27,500
Platforms Research and
Development 65,844 53,400 - 59,700
Utilization of Platform Outputs
R&D 112,690 148,100 - 147,800
Cellulosic Ethanol Reverse Auction 4,955 0 - 0
Total, Biomass and Biorefinery Systems
R&D 195,633 217,000 786,500° 235,000

Public Law Authorizations:

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

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

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

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

P.L. 95-618, “Energy Tax Act” (1978)

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

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

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

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

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

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

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

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

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

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

P.L. 109-58, “Energy Policy Act of 2005 (2005)

P.L. 110-140, “Energy Independence and Security Act of 2007” (2007)

P.L. 110-234, “The Food, Conservation, and Energy Act of 2008 (2008)

Mission

The mission of the Biomass Program is to facilitate the development and transformation of domestic,
renewable, and abundant biomass resources into cost-competitive, high performance biofuels,

8 SBIR/STTR funding was transferred to the Science Appropriation in FY 2008, which includes a reduction of $2,275,000
that was transferred to the SBIR program, and $272,000 that was transferred to the STTR program.
® An additional $13.5 million in Biomass related projects is included within EERE Facilities and Infrastructure
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bioproducts and biopower through targeted research, development and deployment (RD&D) leveraged
by public and private partnerships.

Benefits

The Biomass Program’s vision is for a viable, sustainable, domestic biomass industry that produces
clean, secure, renewable biofuels, biopower, and bioproducts that can: 1) enhance U.S. energy security
by reducing dependence on foreign oil, 2) provide environmental benefits including reduced GHG
emissions, and 3) create economic opportunities across the nation.

The Biomass Program’s groundbreaking RD&D work and support of private sector investment and
innovation is critical to achieving the Energy Independence and Security Act of 2007 (EISA 2007)
Renewable Fuel Standard (RFS) targets for advanced and cellulosic biofuels. The RFS requires 36
billion gallons per year of the national fuel supply be comprised of renewable fuels by 2022. Of the 36
billion gallon mandate, 21 billion gallons is to be advanced biofuels. Further, of the 21 billion gallons
of advanced biofuels, 16 billion gallons must be cellulosic biofuels.

The Biomass Program has developed an approach centered on the integrated biorefinery concept to
support meeting the RFS. A biorefinery is a facility analogous to a petroleum refinery, designed to
efficiently produce fuels and a variety of co-products such as power, chemicals, and other materials
from biomass. Demonstrating and validating the commercial viability of the integrated biorefinery
concept requires: sustainably producing, collecting, and transporting large volumes of biomass
feedstocks; advancing biomass conversion technologies; and developing an adequate biofuels
distribution and end use infrastructure. The R&D platforms will focus on reducing the costs of
feedstock and conversion technology options, while operational data from demonstrating integrated
biorefineries at various scales will reduce technology risks. Ultimately, this strategy validates the
commercial viability of biorefinery concepts by attracting other sources of capital for larger scale
production of biofuels to meet the RFS.

Meeting the RFS targets also requires the concerted efforts of Federal and state policy and decision
makers; the industrial, agricultural, and environmental communities; and financial sector and business
entrepreneurs. Coordination of multidisciplinary scientific and engineering expertise of academia and
National Laboratories will be critical to building a strong technology innovation foundation. The
Biomass Program is advancing science in these areas through important collaborations with other
programs and agencies such as DOE’s Office of Science (Bioenergy Centers) and the United States
Department of Agriculture (USDA). The Biomass Program is forging new partnerships and strategic
alliances to leverage efforts in meeting the technological and economic challenges of establishing
integrated biorefineries such as DOE and USDA'’s Loan Guarantee Offices.

The FY 2010 Budget investments complement Recovery Act funds that accelerate achievement of
program goals. To enable decision makers and the public to follow performance and plans, the program
will post its progress in these planned activities at: http://www.energy.gov/recovery/index.htm.

Climate Change

The Biomass Program’s research, development, demonstration and deployment activities all support the
achievement of a national reduction in GHG emissions. Biofuels have great potential for displacing
petroleum-based liquid transportation fuels, lowering the amount of carbon introduced into the Earth’s
atmosphere. For example, Argonne National Laboratory estimates that biofuels have the potential to
reduce GHG emissions by more than 80 percent when compared to gasoline on a life cycle basis, though
subsequent studies suggest that emissions reductions may not be as great when the GHG impacts of
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changes in land-use associated with increased biofuels production are included.* The Biomass
Program’s current activities directly support meeting the goals of EISA 2007. It is estimated that the
program’s activities will enable the law to reduce total CO, emissions by well over 300 million metric
tons by 2030. The program’s non-EISA 2007 related activities are expected to result in an additional
cumulative CO, emissions reduction of 49 million metric tons.

Energy Security

The displacement of fossil fuels from foreign sources with sustainably produced advanced domestic
biofuels will enhance energy security. At the same time, new markets will be created to produce
sustainable feedstocks and biofuels. Production distribution infrastructure and related goods and
services throughout the supply chain will create new green jobs. The increased production of biofuels
has the potential to help reshape our markets, reinvigorate rural economies, and support a sustainable
new generation of transportation technologies critical for reducing our carbon emissions and ensuring
America’s future prosperity and security in the global community. The Biomass Program’s current
activities directly support meeting the goals of EISA 2007. It is estimated that the program’s activities
will enable the law to reduce oil imports by well over 700 million barrels by 2030. The program’s non-
EISA 2007 related activities are expected to result in a cumulative reduction of 200 million barrels of oil
imports.

Economic Impact

The Biomass Program pursues its mission through the set of integrated activities proposed in this budget
that are designed to increase the use of domestic renewable resources. Improvements are expected to
continue to provide concomitant economic, environmental and security benefits. The most significant
benefits are expected to be a reduction of oil imports and in reduction of CO, emissions.

The benefits tables following this section show the estimated benefits from 2015 through 2050 that
would result from realization of the program’s goals. These benefits are achieved by targeted Federal
investments in technology research and development through industrial partnerships with auto
manufacturers, commercial vehicle manufacturers, equipment suppliers, fuel and energy companies,
other Federal agencies, State government agencies, universities, National Laboratories, and other
stakeholders. These partnerships facilitate the technical coordination of activities and attract cost
sharing to provide leveraged benefits.

The benefits table also reflects the increasing market share of advanced-technology biofuels over time as
their projected incremental cost relative to conventional biofuels declines, and as their efficiency
relative to conventional biofuels increases. The expected benefits reflect solely the achievement of the
program’s goals. Not included are any policies, regulatory mechanisms, or other incentives not already
in existence that might be expected to support or accelerate the achievement of the program goals. In
addition, some technologies show diminishing annual benefits by 2050 due to the assumption built into
the analysis that industry progress, as reflected in the baseline, will eventually catch up with the more
accelerated progress associated with EERE program success.

The program goal case is modeled along with a “baseline” case in which no DOE R&D exists. The
baseline case is intended to represent the future without the effect of the Biomass Program, and is
identical for all DOE applied energy R&D programs, thereby ensuring that all program benefits are

® Wang et al. “Life-cycle energy and greenhouse gas emission impacts of different corn ethanol plant types.” Environmental
Research Letters 2 (2007) 024001 (13pp)
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estimated using the same assumptions for external factors such as economic growth, energy prices, and
levels of energy demand. The expected outcome benefits are calculated using the same fundamental
methodology across EERE and across all of DOE’s applied energy R&D programs, and the metrics by
which expected outcome benefits are measured are identical. This standardization of method and
metrics has been undertaken as part of DOE’s efforts to make all program stated benefits comparable.

Prospective benefits are calculated as the arithmetic difference between the baseline case and the
program goal case, and the resulting economic, environmental and security benefits attributed to the
program’s activities. This approach of calculating the benefits as an incremental improvement to the
baseline helps ensure that improvements in biomass technologies that would occur in the absence of the
program are not counted as part of the program’s benefits. In addition to technology and process
advances due to the program’s activities, energy market policies, such as state and federal tax policies,
facilitate the development and deployment of clean energy technologies. The expected impacts of
current legislated policies in the baseline case are included so that the expected benefits calculated
reflect as much as possible the effects of activities funded by the program.

The Biomass and Biorefinery Systems R&D Program’s expected impact on oil import reductions is less
than in prior years, primarily because of the inclusion of the EISA 2007 National Renewable Fuels
Standard (RFS) in the baseline. Much of the increased production of cellulosic ethanol conversion
technology that in prior years has been attributed to the program’s activities is now assumed to occur as
a result of the RFS mandate, as opposed to the program’s R&D activities. The program’s benefits are
also impacted by the inclusion of the EISA 2007 Corporate Average Fuel Economy (CAFE) mandate in
the baseline, which serves to reduce the demand for oil and biofuels in the light duty vehicle segment of
the transportation fuels market. While the program’s energy security benefits may be smaller this year
due to the inclusion of EISA’s RFS mandate in the benefits analysis methodology, achieving the
aggressive RFS target with minimum adverse impact to the U.S. economy will depend on successful
current and future program R&D activities.

While the EISA 2007 national RFS mandates that 36 billion gallons of cellulosic ethanol production be
achieved by 2022, EISA incorporates a waiver process if the target cannot be met. The integrated energy
modeling results in achievement of the target in 2030, which impacts the program’s oil savings most
significantly prior to 2030 in comparison to prior year estimates; during this period, annual savings are
very small. The program’s contribution to carbon emission reductions and consumer savings are also
significantly reduced during this period.® The program’s impact is also reduced in the long-term and the
magnitude of benefits does not return to the level of prior year estimates by 2050.

The benefits are generated by modeling both the program goal and baseline cases within two energy-
economy models: NEMS-GPRA10 for benefits through 2030, and MARKAL-GPRAL10 for benefits
through 2050. The full list of modeled benefits appears below. Some benefits may be shown as lower
than projected in previous years' budgets. This is due to the models' inclusion of the effects of
legislation such as EISA 2007 in the baseline case, which raises the baseline projected fuel economy and
petroleum displacement, and thus reduces the incremental benefit that are attributed to the program's

® The Biomass Program has consistently had smaller savings in prior years because the program’s R&D is defined as
accelerating the baseline case cost and performance of cellulosic ethanol technology by only a few years. In the NEMS-
GPRA10 analysis, the program case results in cellulosic ethanol production beginning sooner than in the baseline, which
requires a smaller EISA 2007 RFS waiver and leads to some oil and carbon savings.
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R&D efforts. The first table displays the estimated benefits from the applications of the program’s
technologies, co-developed with industry, that enable EISA 2007. The second table used standard
methodology to allocate all benefits from legislation, such as EISA 2007, in the baseline, and displays
benefits expected to accrue because of the program’s activities in addition to those expected from the
legislation.
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Estimated Primary Benefits

(Including Program Contribution to EISA 2007)

Year
Metric* Model
2015 2020 2030 2050
. Oil Imports Reduction, cumulative® (Bil NEMS ns ns 0.2 N/A
£ bbl) MARKAL ns ns 0.7 5.7
3
8 |Natural Gas Imports Reduction, NEMS ns ns 0.2 N/A
5 cumulative (Tcf) MARKAL ns ns ns 0.5
(]
T Reduction in Share of Highway Fuel NEMS ns ns 1% N/A
Demand Derived from Crude Oil® (%) MARKAL ns ns 2% 5%
CO, Emissions Reduction, cumulative NEMS ns ns 55 N/A
g |(MilmCo,) MARKAL 3 33 327 2295
% ) 4 NEMS ns ns 268 N/A
= SO, Allowance Price Reduction™ ($/ton)
8 MARKAL N/A N/A N/A N/A
c
g . , NEMS ns ns 328 N/A
c NO, Allowance Price Reduction ($/ton)
2 MARKAL N/A N/A N/A N/A
>
0D Hg Allowance Price Reduction (thousand NEMS ns ns ns N/A
$/Ib) MARKAL N/A N/A N/A N/A
" _ . NEMS ns 3 29 N/A
5 Consumer Savings, cumulative’ (Bil $)
g MARKAL ns 1 30 49
S
= Electric Power Industry Savings, NEMS ns 2 4 N/A
€ [cumulative (Bil $) MARKAL ns ns -18
c
3 Household Energy Expenditures NEMS ns ns 80 N/A
L .
Reduction ($/household/yr) MARKAL ns ns 11 4
1. “Reductions” and “savings” are calculated as the difference between results from the baseline case (i.e. no DOE
technology) and the technology case (i.e. all DOE technology R&D programs are successful).
2. All cumulative metrics are based on results beginning in 2009.
3. Metric includes oil-derived fuel use by light-duty vehicles, commercial light trucks and freight trucks; the metric excludes
buses. Reported oil use is adjusted to exclude ethanol, biodiesel and CTL.
4. All monetary metrics are in 2005$.
5. Cumulative monetary metrics are in 2005$ that are discounted to 2009 using a 3% discount rate.
ns - Not significant
NA - Not yet available
N/A - Not applicable
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Primary Metrics for FY 2010 Budget Request
(Program Impacts to EISA 2007 are not credited to program)

Year
Metric" Model
2015 2020 2030 2050
Oil Imports Reduction, cumulative? (Bil|  NEMS ns 0.2 0.4 N/A
£ oo MARKAL 0.0 0.1 0.2 11
=}
& [Natural Gas Imports Reduction, NEMS ns 0.1 0.6 N/A
> cumulative (Tcf) MARKAL ns ns ns ns
:ﬁ) Reduction in Share of Highway Fuel NEMS ns ns ns N/A
Demand Derived from Crude Oil® (%) MARKAL 0% 0% 0% 1%
CO, Emissions Reduction, cumulative NEMS ns 100 255 N/A
§ (Mil mtCO,) MARKAL 3 11 49 523
2 ) - NEMS ns ns ns N/A
= S0, Allowance Price Reduction”™ ($/ton)
< MARKAL N/A N/A N/A N/A
<
= _ _ NEMS ns ns ns N/A
c NO, Allowance Price Reduction ($/ton)
2 MARKAL N/A N/A N/A N/A
=>
D0 |Hg Allowance Price Reduction (thousand] ~ NEMS ns ns ns N/A
$/1b) MARKAL N/A N/A N/A N/A
5 NEMS ns ns 39 N/A
2 Consumer Savings, cumulative’ (Bil $)
s MARKAL 2 4 11 34
% Electric Power Industry Savings, NEMS ns 0 6 N/A
'€ |cumulative (Bil $) MARKAL 1 4 0 8
o
<
S |Household Energy Expenditures NEMS ns ns ns N/A
“" |Reduction ($/household/yr) MARKAL 1 3 1 2
1. “Reductions” and “savings” are calculated as the difference between results from the baseline case (i.e. no DOE
technology) and the technology case (i.e. all DOE technology R&D programs are successful).
2. All cumulative metrics are based on results beginning in 2010.
3. Metric includes oil-derived fuel use by light-duty vehicles, commercial light trucks and freight trucks; the metric excludes
buses. Reported oil use is adjusted to exclude ethanol, biodiesel and CTL.
4. All monetary metrics are in 2006$.
5. Cumulative monetary metrics are in 2006% that are discounted to 2010 using a 3% discount rate.
ns - Not significant
NA - Not yet available
N/A - Not applicable

The following external factors could affect the program’s ability to achieve its strategic goals:
" Cost and availability of conventional fossil energy sources;

" Federal and state farm policies and grower’s actual adoption rate for new crops;

=  Widespread adoption of sustainable crop management practices;

= Consumer acceptance;

" Cost of competing alternative energy technologies;
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. Loan guarantee programs as authorized by EPAct 2005, the 2008 Farm Bill, and other future
regulations potentially accelerating the adoption and positively impacting the deployment of
biorefinery technologies; and

" The market penetration rate of bio-based technologies which is a function of all the external
factors listed and technical breakthroughs, incentives; price trends of coal, oil and natural gas; and
policy factors.

Contribution to the Secretary’s Priorities

The Biomass Program contributes to several of the Secretary’s priorities as enumerated below. The
principal focus area is Priority 2, Clean Energy.

Priority 1: Science and Discovery — Invest in science to achieve transformational discoveries

The Biomass Program coordinates with the Office of Science, National Science Foundation, and
academic institutions to ensure that the program’s R&D work being conducted by National
Laboratories, universities, and industry partners remains at the cutting edge of scientific innovation.
Additionally, much of the program’s R&D work already involves direct interaction between these three
partner types.

The Biomass Program manages several small scale international projects involving R&D and analysis
work, including partnerships with Brazil, China, and India, while also participating in the IPCC,
working with Conservation International, and contributing to the IEA (Bioenergy Agreement
participation and task sponsorship).

Priority 2: Clean Energy — Change the landscape of energy demand and supply

The Biomass Program demonstrates and deploys integrated biorefinery technologies with commercial
partners, while also aggressively advancing feedstock production and biomass conversion R&D at the
cutting edge of technology, working with the National Laboratories, universities, private sector
partnerships, and other non-profit research organizations (e.g. Gas Technology Institute).

The Biomass Program coordinates its efforts with the DOE Office of Science in key technology areas
such as developing transformational technologies to overcome biomass recalcitrance.

Priority 3: Economic Prosperity — Create millions of green jobs and increase competitiveness

The Biomass Program works to develop biofuels for transportation applications, and is involved in the
testing of alternative fuel blends. The program also works with the Vehicle Technologies Program and
external stakeholders to develop biofuels distribution and end-use infrastructure to create a market for

biofuels.

The Biomass Program’s commercial, demonstration and pilot scale projects involve private sector
employment. The program’s R&D work supports the growth of the domestic biofuels industry. It is
estimated that each new commercial biorefinery creates 40 to 77 new jobs.* Emerging biofuels
production, distribution, and end-use technology industries all promise new green employment
opportunities.

Priority 5: Lower GHG Emissions — Position U.S. to lead on climate change policy, technology, and
science

® Numbers are estimates provided in NREL’s 2002 Design Report.
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The Biomass Program leverages both domestic and international R&D partnerships to advance biofuels
technology development, which is aimed at demonstrating viable biofuel pathways to support private
sector deployment of biofuel technologies. Though the program’s current focus is on domestic
deployment of biofuel technologies, the program’s domestic success has clear international implications,
as do its partnerships with private and non-profit entities whose influence extends beyond the borders of
the U.S.

The Biomass Program participates in the IPCC, and supports the IEA’s Bioenergy Agreement,
participating regularly in Tasks (such as Task 33, “Thermal Gasification of Biomass,” and Task 39,
“Commercializing 1st- and 2nd-Generation Liquid Biofuels from Biomass™). The program also
participates in collaborative projects with partners in Brazil, China, Conservation International, the EU,
India, and Israel.

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

The program directly supports the DOE’s Energy Security theme by developing our Nation’s biomass
resource availability and conducting RD&D on technologies that increase the production of biomass-
based substitutes for petroleum-derived fuels, chemicals, materials, and/or heat and power, and thereby
diversifying and expanding our energy supply. It also addresses the goals and recommendations of the
Farm Security and Rural Investment Act of 2002, Energy Policy Act of 2005, Energy Security and
Independence Act of 2007, and Food, Conservation, and Energy Act of 2008.

To increase the probability of success, the program funds key technology pathways that
contribute to the achievement of this goal. To realize this, intermediate programmatic cost-
competitive ethanol target ranges have been established based on EIA oil price projections.
Currently these cost range targets are $1.76 to 2.06 per gallon of ethanol by 2012, and $2.01 to
2.87 per gallon of ethanol by 2017 (both ranges in 2007$). The program’s technology pathways
and their respective contributions are described below.

Feedstock Infrastructure contributions:
= Reduced costs associated with feedstock production, collection, storage and transportation;

= QOvercoming major feedstocks-related technical barriers impeding the growth of the biofuels
industry; and

= Ensuring sound production strategies, both economically viable and environmentally sustainable, are
developed and utilized.

Platforms Research and Development contributions:

= Biochemical Platform R&D will focus on reducing the cost of producing ethanol from biochemical
routes. Work to overcome the recalcitrance of biomass, through research institutions and public-
private partnerships, will continue to be a priority. The program will continue to make further
improvements to feedstock interface, pretreatment and conditioning, enzymes and fermentation
processes in addition to process integration in order to reduce intermediate sugar and ethanol
production costs as the springboard to launching the next generation of biofuels technology from a
wide range of feedstocks; and

=  Thermochemical Platform R&D will focus on technologies for converting feedstocks and
bioconversion process residues into cost competitive commaodity fuels (e.g. ethanol, gasoline,
diesel), as well as bioproducts and biopower. The program will continue to make further

Energy Efficiency and Renewable Energy/
Biomass and Biorefinery Systems R&D FY 2010 Congressional Budget

Page 121



improvements to feedstock interface, gasification and bio-oil processes with an emphasis on
increased conversion and selectivity. In addition, process integration will continue to be improved
in order reduce overall costs of the next generation of biofuels derived from a wide range of
feedstocks.

Utilization of Platform Outputs R&D contributions:

The Integration of Biorefinery Technologies Platform will continue to support companies with the
intent of commercializing biorefineries for the production of transportation fuels as the main
product, with co-products (such as materials and chemicals, heat and power) as authorized by
Section 932 of EPAct 2005, and in support of EISA 2007 RFS. To this end, the program will
continue to support commercial, demonstration, and pilot scale biorefinery projects in FY 2010.
These projects are critical to validate technical and economic feasibility of their respective
integrated biorefineries and will help attract private sector capital leading to their
commercialization. Transportation fuels infrastructure activities will continue to include the
conducting of testing of ethanol blends; and

The Products Development Platform will complete funding five industry cost shared partnership
projects for developing a commercially viable fermentative micro-organism (aka “ethanologen”) at
a cost sufficiently low to achieve the 2012 cost range target. These micro-organisms, capable of
fermenting major sugars found in cellulosic biomass, will provide necessary technology to support
advances in future integrated biorefineries. In addition, the program will continue to evaluate the
potential of co-products to stabilize and reduce costs of fuel production within the biorefinery.

Means and Strategies

The Biomass Program will use various means and strategies to achieve its GPRA Unit program goals as
described below. “Means” include operational processes, resources, information, and the development
of technologies, and “strategies” include program, policy, management and legislative initiatives and
approaches. Various external factors, as listed below, may impact the ability to achieve the program’s
goals.

The Biomass Program will implement the following means to improve the cost-competitiveness of
biomass technologies:

R&D through competitive solicitations for industrial partnerships with appropriate cost sharing to
attract innovation and ensure investment value for industry and university contracts;

Management of R&D by a series of objectives, milestones, and stage gate reviews, which are
tracked by the Project Management Center and verified with reviews from industry and university
experts;

Commercial, demonstration, and pilot scale validation of integrated biorefineries through
competitive solicitations to validate their economic and technical feasibility in order to facilitate
commercialization; and

Input from peer reviews.?® Peer reviews of program plans and activities are aimed at obtaining
expert, independent opinion on the program’s goals and objectives; feasibility of reaching the goals;

# The most recent program peer review was held in November 2007; http://www.obpreview07.govtools.us/. The next
program review is scheduled for July 2009; http://www.obpreview2009.govtools.us/.
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appropriateness of technical barriers being addressed; appropriateness of the federal role, and,
whether the level of Federal funding for projects is commensurate with technical objectives.

The Biomass Program will implement the following strategies:

= For each feedstock targeted, program research will develop handling and conversion technologies
specific to feedstock properties and validate the technical performance and projected economics at
industrial scale;

= The program will collaborate with the DOE Office of Science to further basic research related to
Biochemical Platform R&D, such as overcoming the recalcitrance of certain biomass feedstocks.
Additionally, the Biomass Program will collaborate with the DOE Office of Science to target and
conduct research on the development of new organisms and techniques for most efficiently
processing the variety of sugars found in biomass. This will consolidate several steps in
bioprocessing, lead to a significant reduction in tanks and associated equipment currently needed to
convert biomass feedstocks into ethanol, and ultimately result in a large reduction in overall
biorefinery plant cost;

= The program will continue to support Regional Biomass Feedstock Development Partnerships, thus
leveraging local resources through partnerships with agricultural producers, universities, and
industry that understand regional opportunities and challenges. These Partnerships will fund
research to validate new feedstocks tailored to industrial biorefineries. This will allow the
availability of biomass-derived fuels and chemicals to continue to grow beyond the limitations of
present commodity crop and forest resources;

= In addition to current collaborations with academia, the program will promote the use of
universities’ research capabilities in the areas of feedstock interface, biochemical and
thermochemical conversion, environmental analysis, and infrastructure development strategies and
technologies, while competitively allocating resources;

= The program will support R&D involving high-opportunity, high-impact technologies for converting
cellulosic biomass feedstocks to liquid fuels. R&D will include developing process integration
methodologies, identifying effective pretreatment catalysts effective on multiple biomass feedstocks,
and targeting efficient enzymes. Moreover, as biorefinery plants mature, advanced thermochemical
technologies (e.g., catalytic hydroprocessing) will be pursued to increase biofuels production and
value; and

= The program will utilize guidance from the Biomass Technical Advisory Committee and the
Biomass R&D Board authorized under the Food, Conservation and Energy Act of 2008 to integrate
R&D across agencies.

Collaborations are integral to achieving the planned investments, means and strategies, and to
addressing external factors. In carrying out its mission, the program performs the following
collaborative activities:

= Partnership with DOE’s Office of Science on feedstock development and consolidated bioprocessing
(technology aimed at reducing the number of unit operations needed in a biorefinery);

= Collaboration on advanced conversion processes and techniques with the DOE Office of Science,
which will help define the future of advanced biorefineries;
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= Partnership with the DOE Vehicle Technologies and Fuel Cell Technologies Programs, Clean Cities,
other Federal agencies, and other key stakeholder organizations to promote the use of biofuels in
vehicles, evaluate the viability of ethanol blends, and address biofuels infrastructure barriers;

= Regional Biomass Feedstock Development Partnerships used to enhance the coordination of
feedstock R&D efforts with USDA and the Sun Grant Initiative universities; regional information is
needed by potential biorefiners in order to assess and improve resource availability and feedstock
economics;

= Collaboration with other federal agencies (such as EPA, NSF, and USDA) and non-profit
organizations to promote environmentally sustainable biofuel production pathways;

= Interagency Working Groups (IWGs) chartered at the direction of the Biomass R&D Board to
improve coordination and technology development within the Biomass Program and Office of
Science; and externally with the various agencies of USDA, EPA, DOT, DOI, DOC, Treasury,
DOD, NSF, OSTP, and Office of Federal Environmental Executive. These IWGs have been formed
for feedstock production, and logistics; sustainability; infrastructure; conversion technologies; and
environment, health, and safety;

= Anannual USDA-DOE solicitation for biomass technologies R&D and other coordination under the
Food, Conservation and Energy Act of 2008; and

= Partnerships with existing biorefineries (e.g., corn-ethanol and pulp and paper mills) to integrate
advanced technologies for producing biofuels from lignocellulosic feedstock, for near-term cost
effectiveness and environmental sustainability benefits.

Validation and Verification

To validate and verify program performance, the Biomass Program will conduct internal and external
reviews and audits. For example, during program peer reviews the programmatic activities are reviewed
by experts from universities, state agencies, industry, and the USDA. The sections below summarize
validation and verification activities.

Data Sources: The Renewable Fuels Association’s production statistics; the National
Renewable Energy Laboratory’s Renewable Electric Plant Information System
(REPIS); the Energy Information Administration’s (EIA) Annual Energy
Review, Renewable Energy Annual and Annual Energy Outlook; the Gas
Technology Institute Survey of Distributed Resources; EIA Form 860 data
analyzed by the Resource Dynamics Corporation. Individual projects develop
production cost and quantity estimates for sugar, syngas, ethanol, and other fuels
and chemicals (these are reviewed and monitored by managers).

Baselines: The following are the key baselines used in the Biomass Program:

= |n 2007, the total feedstock baseline delivered cost (which includes
collection, preprocessing, grower payment, and delivery to a conversion
facility inlet, in 2007$) was $69.60 per dry ton for dry herbaceous (equates to
approximately $0.97 per gallon of ethanol). A more vigorous analysis is
underway for woody feedstocks; however, a 2007 baseline of $67.55 per dry
ton for woody feedstocks (equates to approximately $1.58 per gallon of
ethanol, in 20079) is currently being used. In 2012, the Biomass Program
currently anticipates a dry herbaceous feedstock cost of $50.90 per dry ton
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(equates to approximately $0.57 per gallon of ethanol, in 2007$) and woody
feedstock cost of $50.70 per dry ton (equates to approximately $0.71 per
gallon of ethanol, in 2007$), based on the operative 2007 baselines described
above.

= In 2005, Thermochemical R&D baseline mature conversion costs for woody
feedstocks to ethanol via a gasification route was $1.89 per gallon (2007$)
based on bench scale data (see figure in the subsequent Platforms R&D
“Funding Schedule by Activity” “Benefits” section).

= |n 2005, Biochemical R&D baseline mature conversion costs for dry corn
stover to ethanol was $1.79 per gallon (2007$) based on bench scale data
(figure below in the subsequent Platforms R&D “Funding Schedule by
Activity” “Benefits” section).

Platform R&D projects utilize an analysis model to generate “nth plant” cost and
performance data for an integrated biorefinery based on generic NREL designs.
The biorefinery projects funded under Integration of Biorefinery Technologies
will be validating each project’s specific and proprietary economic and technical
performance. As these integrated biorefinery projects are based on different
designs (feedstocks, conversion technologies, etc.), they will not likely validate
or match up to the “nth plant” modeled cost based on the NREL designs, nor
will it be possible to disseminate the specific economic and technical
performance data due to proprietary restrictions. Therefore, the program will
use an aggregate performance metric for the pilot, demonstration, and
commercial scale biorefineries as these facilities become operational in order to
protect each project’s proprietary data.

Evaluation: In carrying out the program’s mission, the Biomass Program uses several forms
of evaluation to assess progress and to promote program improvement.

= Stage gate review, technology validation and operational field measurement,
as appropriate;

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

= 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);

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

= Technical Advisory Committee feedback.

The National Laboratories receive direct funds for technology R&D, based on
their capabilities and performance. Advisory panels consisting of non-Federal
and industry experts review each laboratory and industry project at scheduled

Energy Efficiency and Renewable Energy/
Biomass and Biorefinery Systems R&D FY 2010 Congressional Budget

Page 125



stage gate reviews and peer evaluation of R&D. Projects are evaluated based on
the following criteria: 1) Relevance to overall DOE objectives; 2) Approach to
performing the research and development; 3) Technical accomplishments and
progress toward project and DOE goals; 4) Technology transfer/collaborations
with industry/universities/laboratories; and 5) Approach and relevance of
proposed future research. The panels also evaluate the strengths and weaknesses
of each project, and recommend additions to or deletions from the scope of work.
The program organization facilitates relationships to ensure that Federal R&D
results are transferred to industry.

Frequency: Potential benefits are estimated annually. Independent evaluation of R&D
projects are performed according to schedule per the stage gate process for
moving each project through an independent review “gate”, from a less costly
stage (such as preliminary paper studies) to a more costly stage (such as bench-
scale experiments). Program peer reviews are conducted biennially.

Data Storage: EERE Benefits website, the EERE Corporate Planning System, and other
computer-based data systems.

Verification: DOE technology managers verify the achievement of targets through project
reviews, including reviews of cost and performance modeling results. Project
leaders in the field must provide to the technology managers documentation of
experimental and/or analytic results as evidence of success. The evidence is
listed in material supporting the DOE Joule performance tracking system.
Various trade associations review the data and the modeling processes (e.g.,
REPIS renewable), and the EIA verifies the REPIS database. Peer reviews are
conducted by independent personnel from industry, academia and governmental
agencies other than DOE.
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Annual Performance Results and Targets

FY 2005 Results

FY 2006 Results

FY 2007 Results

FY 2008 Targets

FY 2009 Targets

FY 2010 Targets

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

Feedstock Infrastructure

Platforms Research and Development

Completed a technical and
economic evaluation of
integrated biomass to fuels
systems to validate the sugar
cost of $0.135 per pound and
syngas cost of $6.13 per million
Btu. [MET]

Complete laboratory and
economic assessment of 2
different feedstocks, identifying
operating conditions that link
pretreatment with enzymes that
could be scaled-up and have the
potential of achieving the goal
of $0.125 per pound sugar by

Complete a core R&D
engineering design and techno-
economic assessment of an
integrated wet storage - biomass
field pre-processing assembly
system with a pretreatment
process that could potentially be
scaled up to produce feedstocks
to achieve a reduction to $35 per
ton by 2012 from $53 per ton as
of 2003. This is based on the
original baseline and cost
reduction targets specific to corn
stover. [MET]

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

Conduct replicated field trials
across regions to determine
the impact of residue removal
on grain yield (in subsequent
years); field trials (including
genetic evaluations) to
develop energy crops within a
geographical region; resource
assessments to determine
regional feedstock supply
curves (variable costs of
feedstock across various
sites); and economic studies
that identify the best site
conditions and general
locations for biorefineries
within a region, all of which
can demonstrably contribute
to the goal of producing
feedstocks at $32 per dry ton
by 2012.% [MET]

Achieve a modeled cost of a
mixed, dilute sugar stream
suitable for fermentation to
ethanol of $0.13 per pound of
sugars (equivalent to $2.39
per gallon of cellulosic
ethanol) through the
formulation of improved

Initiate a G1S-based regional
feedstock atlas system
incorporating USDA
agricultural datasets, energy
crop field test results, residue
removal trial results, DOE and
USDA funded biorefinery
project results, and other
assessments from public and
private sources to provide the
best biomass resource database,
models, and tools available for
a wide variety of users
including Federal and State
Governments, biorefinery
developers, growers, and
researchers. These efforts will
enable evaluation of potential
future feedstock supply in
support of the goal of
producing feedstocks at $47 per
dry ton by 2012."

Demonstrate alternative
pretreatment technologies at
bench-scale using advanced
cellulase enzymes and
integrated technologies that
have the potential of achieving
$0.12 per pound of sugars on
the pathway to $0. 073 per

Achieve a modeled dry
herbaceous feedstock logistics
cost of $37.80 per dry ton
(excluding grower payment, in
2007%).

Using Regional Feedstock
Partnership trials and analysis
efforts, determine feedstock
types and regions in which
nutrient use efficiency (tons of
feedstock per pound of
nutrients applied) and soil
organic matter can be increased
by at least 5%. This data will
be input into designing
integrated biomass production
systems that incorporate
positive services to the
environment.

Achieve reduction of the
modeled ethanol conversion
cost to $1.33/gallon through
improvements in pretreatment
and hydrolysis; this is in
support of achieving the $0.92
conversion cost necessary to
achieve the ethanol production
cost within the estimated cost

# The program has updated all technical targets based on improved data and modeling and updating to 2007 dollars. Previous 2012 feedstock target was stated as $35 per

dry ton by 2012.

® This Joule was updated to reflect an improved, more inclusive measurement (includes all costs to the “reactor throat”) and based on newer cost information and
accounting for market dynamics. Thus, the apparent increase in cost associated with the update is misleading, as the metric is different and cannot be directly compared.
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FY 2005 Results

FY 2006 Results

FY 2007 Results

FY 2008 Targets

FY 2009 Targets

FY 2010 Targets

2007. [MET]

Energy Efficiency and Renewable Energy/
Biomass and Biorefinery Systems R&D

[MET]

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

in 2007. [MET]

enzyme mixtures and
pretreatments (in $2007).
The cost of the sugar stream
ties directly to the price of
ethanol, a substitute for
gasoline and key output of a
biorefinery. Reduction in the
cost of sugars can lead to
commercialization of
biorefineries that produce
fuels (such as ethanol),
chemicals, heat, and power
from biomass. [MET]

Achieve a modeled cost of a
cleaned and reformed
biomass-derived synthesis gas
or oils of $6.88/MBtu by
demonstrating pilot-scale
technology capable of
economically converting
biomass residues, pulping
liquors, or waste fats and
greases. Reduction in the
cost of syngas can lead to
commercialization of
biorefineries that produce
fuels, chemicals, heat, and
power from biomass. [MET]
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pound by 2012 (in $2007).
Reduced sugar costs will reduce
cellulosic ethanol costs, leading
to increased adoption of ethanol
and reduced consumption of
petroleum.

Achieve a modeled ethanol
price of $1.97/gal for
thermochemical gasification
followed by mixed alcohol
synthesis and ethanol
separation. This will be
achieved by demonstrating
pilot-scale technology capable
of economically converting
biomass feedstocks, and will be
based on a feedstock cost of
$60/dry ton (calculated in 2007
dollars).”

competitive range of $1.76-
2.06/gallon by 2012 (in
2007%$).°

Through improved tar
reforming catalysts, achieve a
modeled ethanol price of
$1.90/gal (2007$ feedstock cost
$54.20/ton) for thermochemical
gasification followed by mixed
alcohol synthesis and ethanol
separation.

® This Joule target has been updated to standardize our conversion R&D Joules, and as the modeled ethanol price has been determined to be a metric more accessible and
meaningful to those outside our agency, even though sugar intermediate costs remain a valuable metric still used to internally measure progress.

® This Joule target has been updated, as the modeled ethanol price has been determined to be a more useful metric, and newer multiple pass syngas systems make the
older measurement less accurate than a modeled price. It is also noted that this modeled price must necessarily be based on a fixed feedstock price for comparison across
market periods due to market dynamism.
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FY 2005 Results

FY 2006 Results

FY 2007 Results

FY 2008 Targets

FY 2009 Targets

FY 2010 Targets

Utilization of Platform Outputs R&D

Established the technical and
market potential of a new bhio
based product. [MET]

Identify at least one sugar-
derived or biomass oil-derived
bio-based chemical or material
(among those being evaluated)
that possesses sufficient

Energy Efficiency and Renewable Energy/
Biomass and Biorefinery Systems R&D

Complete a preliminary
engineering design package,
market analysis, and financial
projection for at least one
industrial-scale project for near
term agricultural pathways (corn
wet mill, corn dry mill, oilseed)
to produce a minimum of 15
million gallons of biofuels per
year (as mandated by the Energy
Policy Act. [MET]

Approve a final engineering
design package of at least one
commercial scale biorefinery
capable of processing up to
700 metric tones per day of
lignocellulosic feedstocks.
The approved design package
must address any findings
from an independent
engineering review to validate
contractor costs and scheduled
timeline. Validation of
biorefinery concepts will
reduce technological risk and
attract additional sources of
capital to accelerate
deployment and oil
displacement. [MET]

Page 129

Initiate construction of at least
one commercial-scale
biorefinery project (designed
to 700 ton per day feedstock
processed) including orders
for long lead items, vendor
packages, and structural steel.
Validation of biorefinery
concepts will reduce
technological risk and attract
additional sources of capital to
accelerate deployment and oil
displacement.

Approve engineering design of
one additional commercial scale
biorefineries (two in total)
including orders for long lead
items, vendor packages, and

structural steel. The result of this

will ultimately be to complete
construction by 2011.

Approve preliminary
engineering design package,
market analysis and financial
projections for at least four
demonstration scale
biorefineries (designed to 70
ton per day feedstock) selected
in FY 2008. These efforts
work toward validating the
programmatic $2.01-2.87 per
gallon estimated cost
competitive target range in
integrated biorefineries by
2017 (in 2007$).

Initiate construction of two
additional commercial-scale
biorefinery projects selected in
FY 2007 (three in total).

Complete sufficient engineering
design to allow initiating
construction (after financial and
other requirements, i.e. NEPA,
are met) for two demonstration
projects selected in FY 2008.

Complete at least one trial run
of an innovative integrated
biorefinery process to
demonstrate the integrated
operation of processing
biomass into a biofuel. This
will support validating the
programmatic $2.01-2.87 per
gallon estimated cost
competitive target range in
integrated biorefineries by
2017 (in 2007$).
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FY 2005 Results

FY 2006 Results

FY 2007 Results

FY 2008 Targets

FY 2009 Targets

FY 2010 Targets

Contributed proportionately to

potential to enter into the
scaled-up developmental phase
of R&D from the previous
bench-scale phase. [MET]

Maintain total administrative

Maintain total administrative

EERE’s corporate goal of
reducing corporate and program

overhead costs (defined as

overhead costs (defined as

Maintain administrative costs

Maintain administrative costs as

Maintain total administrative

as a percent of total program

a percent of total program costs

overhead costs in relation to

program direction and program

program direction and program

costs less than 12 percent

less than 12 percent. [Baseline

total program costs of less than

adjusted uncosted obligated

support excluding earmarks) in

support excluding earmarks) in

[MET]

balances to a range of 20-25

relation to total program costs

relation to total program costs of

percent by reducing program
annual adjusted uncosteds by
10 percent in 2005 relative to
the Biomass & Biomass
Refinery Systems Program FY
2004 end of year adjusted
uncosted baseline ($62,235K)
until the target range is met.

[MET

of less than 12 percent. [MET]

less than 12 percent. [MET]

and targets under development.]

12 percent?.

# Administrative costs are comprised of Program Direction and elements of Program Support (Technology Advancement and Outreach; and Planning, Analysis and
Evaluation), baseline and targets under development.
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Feedstock Infrastructure
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Feedstock Infrastructure 12,144 15,092 26,776
SBIR/STTR - 408 724
Total, Feedstock Infrastructure 12, 144 15,500 27,500

Description

Feedstock Infrastructure Platform activities are critically important to increasing the availability and
accessibility of domestic biomass resources and improving the infrastructure technologies needed to
reliably supply lignocellulosic feedstocks to future large-scale biorefineries at reasonable costs.
Investments in resource availability and feedstock infrastructure development are needed to ensure a
stable feedstock supply critical to the economic viability of a domestic biofuels industry. An increased
and reliable domestic supply of environmentally sustainable biomass feedstocks is needed for an
expanded bioenergy industry. Considered inseparable from traditional economic cost measures of
delivering feedstocks competitively, a greater emphasis is now being placed on the context of
sustainability, which encompasses environmental criteria and societal values. The Feedstock
Infrastructure Platform’s overarching strategic goal is to develop technologies to provide reliable, cost-
competitive, and environmentally sustainable biomass feedstock supplies for the U.S. biofuels industry
in partnership with USDA and other key stakeholders from all sectors. Three main areas of focus within
the platform address this overarching strategic goal: feedstock production, feedstock logistics, and
environmental sustainability.

Benefits

To increase feedstock production, the major focus is on support of Regional Feedstock Partnership
activities, involving regional stakeholder collaboration and research efforts aimed at collectively
achieving an overall volumetric goal of 1.3 billion dry tons of biomass. Additionally, a series of
replicated, regionally focused cellulosic feedstock crop trials will be conducted in potential crop
growing regions of the U.S. These trials will be monitored for yield, major limiting factors, and carbon
management. Results of these Regional Biomass Feedstock Development Partnership trials will be
incorporated into a GI1S-based regional feedstock decision support tool incorporating best-available data
from Federal agencies including DOE and USDA biorefinery project results and other assessments from
public and private sources. This process will provide the best information to users, which will include
Federal and state government, biorefinery developers, growers, and researchers.

In the near term, the feedstock production goal is to validate that a sufficient, high quality, accessible
feedstock supply of 130 million dry tons per year would be available in 2012, growing to 250 million
dry tons per year in 2017. This goal is necessary to spatially quantify the accessible resources and

8 SBIR/STTR funding was transferred to the Science appropriation in FY 2008.
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validate the percentage of resources that could be recovered cost effectively. A new effort is also being
established to explore the viability of algae as a biofuels feedstock.

400 - 0O Woody Feedstocks *

_. 350 - .
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5 > 300 -
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§ 5 O Woody Feedstocks
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S

= 50 - O Cereal Straw

0 = Corn Stover
2007 2012 2012 2017 2017
Year

Totals assume the following minimum grower payments: for 2007, $15.90/ton; for 2012, $15.90/ton; for 2017, $26.20/ton.
* Shows additional feedstock available through agronomic and environmental improvements or new crop

Industry partnerships are used to improve feedstock logistics to enhance the economic viability of the
domestic biofuels. These collaborative efforts involve improvements in existing or the development of
new feedstock handling and storage technologies and proving their success through demonstrative trials.
The near-term feedstock logistics goal is to reduce feedstock logistics costs, including harvesting,
storage, preprocessing and transportation, to $0.39 per gallon of ethanol in 2012 (or approximately
$35.00 per dry ton, in $2007 and excluding payment to the grower). In order to reach this goal, biomass
feedstock density needs to be increased to 16 Ibs per cubic foot. Providing a denser feedstock will have
positive cost ramifications throughout the feedstock supply chain. Indicators of progress toward this
goal include cost shared industrial partnerships for developing feedstock logistics systems.
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Feedstock Logistics Cost Projections
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*Excludes grower payment

Year 2007 2009 2012 2017
Total, Feedstocks Logisitics, $/Dry Ton $53.70 $44.00 $35.00 $30.00
Harvest and Collection $19.45 $14.81 $12.15 $10.81
Storage and Queuing $9.64 $7.44 $5.95 $5.29
Preprocessing $13.54 $14.05 $10.74 $8.03
Transportation and Handling $11.07 $7.70 $6.16 $5.87

Environmentally-sound designs for integrated dedicated energy cropping systems will also be
developed. Currently, there is insufficient information about the potential for well-designed biofuel
cropping systems to minimize negative environmental impacts of increased feedstock production while
still achieving mandated volumetric targets. This is especially true as it relates to carbon, nutrient, and
water fluxes. Dedicated energy cropping systems will measure fluxes of water, nitrogen, phosphorous,
and carbon. When coupled with the research-scale energy cropping systems developed through the
Regional Biomass Feedstock Development Partnership program, researchers at the National
Laboratories can develop new models to predict how agricultural landscapes can deliver optimum
environmental benefits. This work will help identify conservation practices that can be widely
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implemented on biofuel production landscapes and can be easily verified by field experiments from
future solicitations. Models will also lead to a complete accounting of various biofuel options that
include technology, economics, net energy, and environment.

The Feedstock Infrastructure Platform is an integral part of the Biomass Program’s partnered strategic
pathway of advancing biomass technologies from basic science to applied research and demonstration,
through utilizing a market interdependent approach that incorporates linkages and feedback among
each step in order to accelerate the benefits of technology development

Detailed Justification
(dollars in thousands)

FY 2008 FY 2009 FY 2010

Feedstock Infrastructure 12,144 15,092 26,776
There are three main areas included in Feedstock Infrastructure:
1) Feedstock Production; 2) Feedstock Logistics; and 3) Sustainability.

Feedstock Production addresses resource assessment, yield improvement, sustainable feedstock
systems development, and biomass quality. One major component of this effort is the continuation of
existing feedstock production trials with the Regional Biomass Feedstock Development Partnerships
(now in the third feedstock growing year of the 6-year study). These replicated field trials are
organized by species (energycane, miscanthus, switchgrass, and sorghum) to realize the resource
potential of biomass feedstocks for advanced biofuels production on a regional basis. In further
efforts, corn stover removal field testing will validate and enhance a tool developed by
USDA/Agricultural Research Service and Idaho National Laboratory (INL) to measure the
sustainability of corn stover removal from the field. Results of these various trials are one of the
inputs into a national GIS assessment tool, which can be used for visualization of scenarios of future
biofuels development.

Section 228 of EISA 2007 requires DOE to report the potential of microalgae as a feedstock for
biofuels. The report concluded that microalgae are a potentially viable feedstock in the long-term,
though algal biofuel technologies are still in relatively early stages of development. The Biomass
Program sponsored an algal biofuels workshop, in December 2008, which produced a roadmap that
included barriers for algae production. The feedstock production component of microalgae
development will be incorporated into other algae efforts within the program.

In partnership with industry, Feedstock Logistics R&D addresses barriers associated with accessing
and delivering the feedstock supply to an integrated biorefinery. Unit operations for Feedstock
Logistics include harvesting, collection, preprocessing, storage, queuing, handling, and transport for
all major feedstock categories of cellulosic biomass (e.g., wet, dry and woody). The Feedstock
Infrastructure Platform’s efforts have expanded from laboratory design work into industrial
partnerships. In collaboration with the Integrated Biorefinery Platform, a deployable process
demonstration unit housed at INL will develop feedstock logistics systems for different industrial
partners on a cost-shared basis.
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(dollars in thousands)

FY 2008 FY 2009 FY 2010

The Environmental Sustainability focus area will address potential environmental barriers related to
supplying feedstock for the full-scale development of a significant national biofuels industry, as
identified by an Interagency Sustainability Task Force. Dedicated energy cropping systems will
address a range of criteria necessary to ensure the environmental sustainability of commercial-scale
feedstock production and logistics systems (such as fluxes of water, nitrogen, phosphorous, and
carbon). When coupled with smaller Regional Biomass Feedstock Development Partnership field
research trials, this work will enable the development of decision support tools that, when fully
utilized, will advance the adoption of sustainable cropping practices.

SBIR/STTR — 408 724

In FY 2008, $268,000 and $32,000 were transferred to the SBIR and STTR programs respectively.
The FY 2009 and 2010 amounts shown are estimated requirements for the continuation of the SBIR
and STTR program.

Total, Feedstock Infrastructure 12,144 15,500 27,500
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Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)

Feedstock Infrastructure

Increased funding will support the expansion of projects to address potential
environmental sustainability barriers that, if ignored, could constrain the
development of a national biofuels industry. Smaller existing field trials will be
supplemented by projects encompassing a greater diversity of crops and growing
locations than is currently part of the Feedstock Infrastructure program of work.
Dedicated energy cropping trials will allow for the measurement of the effects on
key environmental criteria including carbon, water, and nutrient fluxes to establish
best practices for future feedstock development efforts. In collaboration with the
integrated biorefinery platform, a deployable process demonstration unit housed at
INL will develop feedstock logistics systems for different industrial partners on a
cost-shared basis.

A limited new effort will also be initiated for algae feedstock development. +11,684
SBIR/STTR

Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities. +316

Total Funding Change, Feedstock Infrastructure +12,000
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Platforms Research and Development
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Platforms Research and Development
Thermochemical Platform R&D 26,413 19,863 27,263
Biochemical Platform R&D 39,431 32,131 30,866
SBIR/STTR -2 1,406 1,571
Total, Platforms Research and Development 65,844 53,400 59,700

Description

The Platforms Research and Development subprogram supports the advancement of technologies
developed within the Thermochemical and Biochemical Platforms for converting feedstocks and
intermediates into quality, cost-competitive liquid transportation fuels, materials, and other chemicals.
Activities performed in the Products Development interface with Thermochemical and Biochemical
Platforms and assist meeting the Platforms’ cost competitive conversion goals. The Thermochemical
Platform R&D focuses on reducing the costs associated with producing liquid transportation biofuels
from gasification and pyrolysis technologies, which includes R&D in feedstock interface,
thermochemical processing, intermediate cleanup and conditioning, and upgrading for fuel synsthesis.
Biochemical Platform R&D will focus on further improvements to feedstock interface (pre-processing),
pretreatment, enzymatic and chemical hydrolysis, and process integration. These integrated steps are
required to reduce sugar costs and enable economically viable cellulosic ethanol production by
biorefineries. This includes awarding payments to projects associated with solicitations initiated in FY
2007 and 2008. For the Thermochemical Platform, this work involves synthesis gas cleanup and
subsequent synthesis gas conversion to fuel products, as well as technology development and pyrolysis
oil stabilization and upgrading. For the Biochemical Platform, this work involves the development of
improved cellulases with increased activities.

Benefits

The R&D work conducted by Platforms Research and Development will result in the development of
technologies capable of converting biomass feedstocks into biofuels. The technical projections of the
two R&D platforms comprising the Platforms Research and Development subprogram align their
progress with the achievement of modeled ethanol costs within the overall Biomass Program target
ranges of $1.76 to $2.06 per gallon of cellulosic ethanol in 2012, and $2.01 to $2.87 per gallon in 2017
(all in $2007). The two sets of charts and tables below contain the Biomass Program’s current
conversion cost projections.

8 SBIR/STTR funding was transferred to the Science appropriation in FY 2008.
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Thermochemical Conversion to Ethanol

M Balance of Plant
Fuels Synthesis
Gasification

O Product Recovery and Purification
SynGas Cleanup & Conditioning
& Feed Handling and Drying

$2.50

$1.89

$1.89

$2.00

7%

Minimum Conversion Processing Cost of Ethanol, $/gal (2007$s)

A,
L]

$_ El—— —— IIS—  — B
2005 State of 2007 State of 2009 Target 2012 Target
Technology Technology
$(0.50)
2005 State of 2007 State of 2012
Technology*® Technology 2009 Projection Projection
Processing Total $ 1.89 $ 1.89 $ 131 $ 0.86
Balance of Plant $ 0.11 $ 0.11 $ 012 $ 0.10
Product Recovery and Purification $ 0.06 $ 0.06 $ 005 $ 0.05
Fuels Synthesis $ 0.15 $ 0.15 $ 007 $ (0.01°)
SynGas Cleanup & Conditioning $ 1.13 $ 1.13 $ 075 $ 044
Gasification $ 0.21 $ 0.21 $ 015 $ 013
Feed Handling and Drying $ 0.27 $ 0.27 $ 019 $ 0.16

2 Note: the numbers in the column below don’t exactly add up to this value due to rounding in Microsoft Excel™. When the
proper calculations were performed without rounding individual values, this number resulted; it is considered the most

technically accurate.

® A credit for a mixed alcohols coproduct is factored into the calculation, so in this particular instance, costs are reduced
enough that the credit for the coproduct is larger than the rest of the costs; a negative cost is shown here to reflect this.
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Biochemical Conversion to Ethanol
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2005 State of 2007 State of 2009 Projection 2012 Projection
Technology Technology
2005 State of | 2007 State of 2009 2012
Technology Technology | Projection | Projection
Processing Total $1.79 $1.722 $1.62 $0.92
Prehydrolysis/
treatment $0.50 $0.51 $0.47 $0.26
Enzymes $0.35 $0.35 $0.35 $0.12
Saccharification &
Fermentation $0.35 $0.34 $0.31 $0.12
Distillation & Solids
Recovery $0.21 $0.19 $0.18 $0.16
Balance of Plant $0.37 $0.32 $0.31 $0.26

The Platforms Research and Development subprogram is an integral part of the Biomass Program’s
partnered strategic pathway of science to research to technologies to market interdependent approach
using linkages and feedback to accelerate the benefits of technology development and adoption.
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Detailed Justification
(dollars in thousands)
FY 2008 FY 2009 FY 2010

Thermochemical Platform R&D 26,413 19,863 27,263

Robust and cost-effective biomass thermal/catalytic conversion processes that can convert a variety of
biomass materials to suitable clean intermediates (e.g. syngas and bio-oils) for subsequent conversion
to fuels are under development. The Thermochemical Platform works to reduce costs of converting
biomass and its intermediaries to fuels, chemicals and power via gasification, pyrolysis, and catalytic
hydrotreating and hydrocracking processing technologies. Intermediate products include clean
synthesis gas, or syngas, (a mixture of primarily hydrogen and carbon monoxide), bio-oil (a liquid
product from pyrolysis or liquefaction), and gases rich in methane or hydrogen. These intermediate
products can be upgraded to products such as ethanol, other alcohols, gasoline, diesel, jet fuel, ethers,
synthetic natural gas, or high-purity hydrogen, or may be used directly for heat and power generation.
Core research addresses key technical barriers such as the need for higher yields and selectivity of the
intermediates and end products. Due to subsequent catalytic conversion of syngas to ethanol, there is
also a need for purification of the syngas and more robust ethanol production catalysts. A critical
barrier for bio-oil is the need to stabilize bio-oil from unwanted side reactions and upgrading to a form
that is more amenable to hydrotreating and hydrocracking catalysts.

FY 2010 activities include the continuation of validation of technology capable of economically
converting biomass feedstocks, biomass residues, forest residues and other woody resources to
synthesis gas or bio-oils that are suitable for fuels and chemicals production. The target for gasification
and subsequent ethanol production is a modeled conversion cost of $1.10/gallon of ethanol ($2007,
feedstock cost of $54.20/dry ton). This conversion cost is associated with a modeled ethanol selling
price of $1.90/gallon in 2010 ($2007, feedstock cost $54.20/dry ton). The data for completing this
modeling target will be produced via both National Laboratory and competitively selected projects.
The competitively selected projects will involve developing syngas to liquid fuels technologies
(initiated in FY 2007, and slated to be completed in 2010) and pyrolysis oil to liquid fuel conversion
technologies (initiated in FY 2008, and planned to be completed in 2011). The objective will also be
supported by expanding three key research areas to gain a better understanding of the fundamental
sciences involved. Gasification fundamentals will include understanding the mechanisms involved in
tar reforming, syngas “cleaning”, and fuel synthesis particularly for infrastructure compatible fuels.
Pyrolysis fundamentals will support efforts to improve bio-oil quality (reduction of total acid number,
oxygen content, and residual char fines content) and bio-oil upgrading to gasoline and diesel blends.
Catalyst fundamentals will include examining the chemical and physical mechanisms involved in
syngas and bio-oil catalysis, as well as developing catalysts to improve stability, selectivity and activity
for fuel intermediate and fuel production. A fundamental understanding of the factors controlling
thermochemical conversion is needed to be able to develop new or improved technologies that increase
the efficiency and/or reduce the cost. As feedstock prices increase due to supply and demand,
decreased conversion costs will allow the industry to utilize higher priced feedstocks.
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(dollars in thousands)
FY 2008 FY 2009 FY 2010

Work will be done in collaboration with competitively selected industrial partners. In addition, these
funds may be used to support efforts such as peer reviews data collection and dissemination and
technical, market, economic, and other analyses.

Biochemical Platform R&D 39,431 32,131 30,866

Biochemical Platform R&D focuses on reducing the cost of converting lignocellulosic biomass to
mixed, dilute sugars, and further conversion to liquid fuels, like ethanol, to advance technologies
needed for successful integrated biorefineries and support the realizing a modeled ethanol cost within
the estimated 2012 cost-competitive target range of $1.76 to 2.06 per gallon.

In FY 2010, the Biochemical Platform will continue efforts toward reducing cellulosic biofuel costs by
focusing on barriers related to feedstock interface, pretreatment and conditioning, and hydrolysis and
fermentation processes (in addition to process integration). The development of these technologies will
enable the conversion of a wider range of feedstocks and launch the production of the next generation
of cellulosic biofuels. In addition, much of this work will benefit biofuels targeted for development in
FY 2010 and beyond, including cellulosic ethanol.

Specific objectives include improved pretreatment, chemical and enzymatic methods to achieve 85
percent of xylan to xylose conversion. Current efforts toward achieving this 2010 target are described
below.

Establishing the value of and requirements for feedstock assembly processes to feed bioconversion
processes is important in the development of biorefineries. Activities will include developing cost and
quality specifications for feedstock assembly technologies that are compatible with biochemical
conversion technologies. The key technical objective is improved feedstock yield potential through
targeted logistics operations between the field or forest and the biorefinery, in addition to the
integration of the feedstock supply with conversion processes. While these activities will focus on the
current portfolio of feedstocks, the results will inform future activities as we consider additional
feedstocks (e.g. energy crops, other agricultural residues, algal biomass).

Activities will also include continuing support of public-private partnered projects from the 2007
Biochemical solicitation to support the development of commercially-viable enzymes — a key
component in the production of biofuels, including cellulosic ethanol. Key objectives for these
projects include increasing enzyme productivities and decreasing overall enzyme costs. These efforts
will increase sugar yields, which translate into increased yields of fuels. All potential enzymes, such
as cellulases and hemicellulases, will be of interest in this effort.

Integration of biomass pretreatment, saccharification and fermentation steps is needed to improve
overall efficiency and reduce conversion cost. Thus, initial results from the enzyme development
work started in FY 2008 will be combined with the ethanologen development work begun in FY 2007
under the Products Development Platform activity. This integration of technologies will occur at the
integrated biorefinery pilot scale facility at NREL and in pilot plant operations conducted with other
private sector partners. The aim of this work is to validate the integration of the separate unit
operations.
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(dollars in thousands)

FY 2008 FY 2009 FY 2010

A greater fundamental understanding of the factors and causes underlying the recalcitrance of biomass
to biological and chemical degradation is needed to make processing more specific and less costly.
Recalcitrance refers to the “resistance of plant cell walls to break down.” This work will continue to be
a priority in FY 2010. Barriers and technical challenges identified in the first of a kind integrated
biorefineries under development will determine the necessary fundamental research needs. Work
outlined in DOE’s EERE and Office of Science joint research agenda “Breaking the Biological Barriers
to Cellulosic Ethanol” (June 2006), will also be directly applied to this R&D area. These efforts will
provide the basic science groundwork to develop applied, and ultimately integrated, process solutions
for biomass conversion. Specifically, this work will produce advanced conversion processes and
techniques for future biorefinery concepts.

Work will be done in collaboration with competitively selected industrial partners. In addition, funds
may be used to support efforts such as peer reviews; data collection and dissemination; and technical,
market, economic, and other analyses.

SBIR/STTR — 1,406 1,571

In FY 2008, $1,454,000 and $174,000 were transferred to the SBIR and STTR programs respectively.
The FY 2009 and 2010 amounts shown are estimated requirements for the continuation of the SBIR
and STTR program.

Total, Platforms Research and Development 65,844 53,400 59,700

Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)

Thermochemical Platform R&D

The increase is due to the final phase of funding for projects initiated in FY 2008 to
FY 2009. In addition, a competitive solicitation is planned to develop technology for
integrated syngas to infrastructure ready fuels. The solicitation will target
established industrial partners, include fuel synthesis, and total $40 million between
FY 2010 to FY 2014 in support of the EISA 2007 RFS targets for advanced biofuels.
The solicitation will allow for core technology development, as well as scale-up of
near term options in order to accelerate deployment. This funding level will support
projects that utilize thermochemical processing pathways as supported by the
platform, as well as existing and new project multi-year contractual agreements in
the Thermochemical Platform subprogram linked to supporting the EISA 2007
volumetric targets of the RFS. A competitive National Laboratory call for new ideas
(biomass-to-fuels synthesis) will also be initiated. +7,400
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FY 2010 vs.

FY 2009
($000)

Biochemical Platform R&D
This level of funding will support the continuation of multi-year projects initiated in
prior fiscal years at the National Laboratories or with other competitively selected
R&D partners, but not support the initiation of new projects. -1,265
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities. +165
Total Funding Change, Platforms Research and Development +6,300
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Utilization of Platform Outputs R&D
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Utilization of Platform Outputs R&D
Integration of Biorefinery Technologies 102,769 131,483 132,977
Products Development 9,921 15,677 13,924
SBIR/STTR -2 940 899
Total, Utilization of Platform Outputs R&D 112,690 148,100 147,800

Description

The Utilization of Platform Outputs R&D subprogram consists of two major sub-elements: Integration
of Biorefinery Technologies and Products Development. The Integrated Biorefineries Platform’s
strategic goal is to demonstrate and validate integrated technologies to achieve commercially acceptable
performance and cost pro forma targets. This performance and cost data is essential to benchmarking
the state of technology and production costs for current and future biorefineries. The Biomass Program
is developing a suite of technologies across the biorefinery pathways to enable a broad spectrum of
biomass resources to be used in the production of a variety of biofuels. The Integration of Biorefinery
Technologies Platform facilitates the integrated demonstration and validation of suites of technologies
including those developed under the Feedstock Infrastructure, Platforms R&D, and Products
Development Platforms. Currently, the program is focused on implementing public-private cost-shared
pilot, demonstration, and commercial-scale biorefinery projects.

These biorefinery projects of various scales are using a diverse spectrum of feedstocks. The projects
will demonstrate and validate biorefinery concepts, and reduce technological and financial risks to
enable the commercialization of future biorefineries. The program has competitively selected
commercial scale (700 dry tonnes per day) and demonstration scale (minimum 70 dry tonnes per day)
biorefinery projects, in FY 2007 and 2008, respectively. In FY 2009, the program issued a request for
proposals for pilot scale (minimum 1 dry tonne per day) and demonstration scale (minimum 50 dry
tonnes per day) projects for a broader range of feedstocks, conversion technologies, and biofuels. The
program seeks project partners with credible data to support the next level of technology scale up.
These cost-shared partnerships are essential to alleviating the high technical risk which will help
encourage capital investment.

The Products Development Platform is currently involved in the conversion of sugars from the
Biochemical R&D Platform into biofuels. The present focus on public/private partnerships works to
develop a commercially viable fermentation organism which can help reduce the cost of cellulosic
biofuel production.

The Integration of Biorefinery Technologies subactivity also includes the transportation fuels
infrastructure activities of the Biomass Program. Transportation fuels infrastructure efforts involve
collaboration with the DOE Vehicle Technologies Program, other DOE programs, and various external
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stakeholders to facilitate the development of a viable biofuels transportation infrastructure to support
growth in the biofuels industry. To encourage large-scale market adoption of biofuels, these activities
address challenges along the supply chain from the point of fuel production at the biorefinery to the
point of use at the pump and in the vehicle. Activities include fuel testing on vehicles, specialty
engines, and infrastructure components; development of analytical tools and data to optimize
infrastructure investments (e.g. the Bioenergy Knowledge Discovery Framework, a GIS-based decision
support framework incorporating the best-available feedstock and distribution infrastructure data to
facilitate efficient infrastructure development by allowing data, modeling and visualization tools to be
accessed and shared by multiple stakeholders, including Federal, state, and local government,
researchers, and industry); and, input in the development of relevant biofuels standards.

Benefits

The Utilization of Platform Outputs R&D subprogram is comprised of the Integration of Biorefinery
Technologies and Products Development key activities. The Integration of Biorefinery Technologies
commercial deployment efforts are central to the Biomass Program’s present strategy to support the
EISA 2007 RFS by helping the American biofuels industry overcome key technical and economic
barriers to rapid growth, which is essential for the meeting of EISA advanced biofuels volumetric
targets. Presently, the Biomass Program is working with 4 competitively selected industry partners to
establish biorefineries at full commercial scale, and with another 8 for biorefineries at 10 percent of full
commercial scale. The continuation of these significant multi-year efforts, and their expansion through
solicitations for additional projects, such as that currently underway in FY 2009, will validate
technology, fine tune processes and subsequently reduce the risk of the commercialization of novel
biorefinery technologies. Following successful Biomass Program demonstrations, the possibility for
private sector partner project replication will be enhanced through their leveraging of lessons learned
and the ability to garner additional capital for new projects based on proven successes. This will
support the achievement of the volumetric objectives of the EISA 2007 RFS. Additionally, the testing
of ethanol blends and collaborative work with external stakeholders will help to ensure a market for the
transportation fuels produced by these biorefineries exists.

The efforts associated with the Products Development key activity will result in greater overall
efficiency of cellulosic ethanol biorefineries, contributing to successful commercial demonstration and
deployment. Improvements in all processes, including fermentation, are critical to the viability of these
biorefineries, and, thus, meeting the EISA 2007 RFS volumetric goal of 16 billion gallons of cellulosic
biofuels by 2022.

Collectively, these activities will promote large-scale market adaptation and private sector acceptance of
biofuels as more technologies (for making biofuels, biopower, and bioproducts) involving a diversity of
feedstocks are demonstrated, validated, and integrated into scalable commercially viable production
systems. This will attract additional sources of financial capital at competitive rates and accelerate
biorefinery commercialization and, thus, oil displacement.
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Detailed Justification
(dollars in thousands)
FY 2008 FY 2009 FY 2010

Integration of Biorefinery Technologies 102,769 131,483 132,977

In FY 2010, Integration of Biorefinery Technologies will continue cost-shared partnerships from
competitive solicitations to demonstrate integrated biorefineries at various scales and across various
pathways. Specifically, the program will continue to support multi-year contractual agreements from
public-private partnerships initiated in FY 2007, 2008, and 2009 for commercial, demonstration, and
pilot scale biorefineries, involving the production of transportation fuels and co-products (such as
materials and chemicals, heat and power). Funding levels will increase on a project by project basis, as
cost-share partners meet the necessary requirements in the negotiated award to move from Award 1’s
(pre-construction engineering design, NEPA compliance) to Award 2’s (facility construction).

During FY 2010, transportation fuels infrastructure efforts will continue, which involve the testing of
intermediate ethanol blends on legacy vehicles, distribution systems, small engines, and materials. In
addition, studies and analyses will be conducted on the requirements for an infrastructure system that
will deliver biofuels efficiently from production centers to end-users.

Products Development 9,921 15,677 13,924

In FY 2010, the program will continue to support the five cost-share projects selected under the FY
2007 solicitation aimed at developing fermentation organisms that display an increased productivity,
stability, and robustness, at a lower cost. The goal of this effort is to accelerate the development of
advanced micro-organisms capable of efficiently fermenting mixed sugars from cellulosic residues to
increase biofuels production from future biorefineries, ultimately contributing to their commercial
viability. This funding will also be used to conduct necessary analysis and assessment activities for
conversion of advanced feedstocks such as algae to biofuels. Collectively, this work will contribute to
meeting the EISA 2007 RFS targets.

SBIR/STTR — 940 899

In FY 2008, $553,000 and $66,000 were transferred to the SBIR and STTR programs respectively. The
FY 2009 and 2010 amounts shown are estimated requirements for the continuation of the SBIR and
STTR program.

Total, Utilization of Platform Outputs R&D 112,690 148,100 147,800
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Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)

Integration of Biorefinery Technologies
Funding increases support multi-year contractual agreements for commercial,
demonstration, and pilot scale integrated biorefinery projects initiated by prior year
solicitations. +1,494
Products Development
The funding decrease is due to reduced needs associated with the finalization of five
public-private partnership projects for fermentation organism (aka ethanologen)
development selected for award in FY 2007. -1,753
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities. -41
Total Funding Change, Utilization of Platform Outputs R&D -300
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Cellulosic Ethanol Reverse Auction
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Cellulosic Ethanol Reverse Auction 4,955 0 0
Total, Cellulosic Ethanol Reverse Auction 4,955 0 0

Description

The Biomass Program established the framework for implementing a cellulosic ethanol reverse auction
in accordance with Section 942 of the EPAct 2005.

The purpose of the Cellulosic Ethanol Reverse Auction was to potentially accelerate rate of introduction
of cellulosic ethanol into the market place, in line with production incentives outlined in Section 942 of
the EPAct 2005.

Detailed Justification
(dollars in thousands)

FY 2008 FY 2009 FY 2010

Cellulosic Ethanol Reverse Auction 4,955 0 0

The Biomass Program evaluated and developed a framework for an ethanol reverse auction in
accordance with Section 942 of EPAct 2005.

Total, Cellulosic Ethanol Reverse Auction 4,955 0 0
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Solar Energy

Funding Profile by Subprogram
(Non-Comparable, or as Appropriated, Structure)

(dollars in thousands)

FY 2008 Current FY 2009 Omnibus FY 2010
Appropriation® Appropriation Request
Solar Energy
Photovoltaic Energy Systems 136,744 145,000 149,470
Concentrating Solar Power 27,617 30,000 78,420
Systems Integration - - 29,660
Market Transformation - - 27,450
Solar Electricity Energy Innovation Hub - - 35,000
Solar Heating and Cooling Systems” 1,959 - -
Total, Solar Energy 166,320 175,000 320,000
Funding Profile by Subprogram
(Comparable Structure to the FY 2010 Request)
(dollars in thousands)
FY 2008 Current FY 2009 Omnibus FY 2010
Appropriation Appropriation Request
Solar Energy

Photovoltaic R&D 112,320 124,540 149,470
Concentrating Solar Power 24,420 24,310 78,420
Systems Integration 11,690 12,120 29,660
Market Transformation 15,931 14,030 27,450
Solar Electricity Energy Innovation Hub - - 35,000
Solar Heating and Cooling Systems ” 1,959 - -
Total, Solar Energy 166,320 175,000 320,000

Public Law Authorizations:
P.L. 93-409, “Solar Heating and Cooling Demonstration Act” (1974)

2 SBIR/STTR funding was transferred to the Science Appropriation in FY 2008, which includes a reduction of $1,904,000 that was transferred to the SBIR
program and $299,000 that was transferred to the STTR program.
® Transferred to EERE Buildings Technologies Program in FY 2009.

Energy Efficiency and Renewable Energy/
Solar Energy FY 2010 Congressional Budget

Page 149



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

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

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

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

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

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

P.L. 101-218, “Renewable Energy and Energy Efficiency Technology Competitiveness Act of 1989” (1989)
P.L. 101-575, “Solar, Wind, Waste, and Geothermal Power Production Incentives Act of 1990 (1990)

P.L. 102-46, “Solar, Wind, Waste, and Geothermal Power Production Incentives Technical Amendments Act” (1991)
P.L. 102-486, “Energy Policy Act (EPAct)” (1992)

P.L. 109-58, “Energy Policy Act of 2005 (2005)

P.L. 110-140, “Energy Independence and Security Act of 2007 (2007)

Mission

The mission of the Solar Energy Program (Solar Program) is to conduct research, development,
demonstration and deployment activities to accelerate widespread commercialization of clean solar
energy technologies which will lower greenhouse gas emissions, provide a clean and secure domestic
source of energy, and create high-paying green jobs.

Modifications were made to the budget structure to better reflect the Solar Energy Program’s activities
in FY 2010. The two tables above show a non-comparable and comparable funding profile at the
subprogram level. The non-comparable table presents the FY 2010 funding in the new budget structure
only with the FY 2008 and FY 2009 funding shown as appropriated. The comparable table shows the
FY 2008 and FY 2009 funding in the new budget structure to assist in comparing year-to-year funding
trends. A cross-walk of the new and old structure is provided in the detail section below that describes
the modification to the budget structure and the rationale behind the proposed changes.

Benefits

The United States is the world’s largest consumer of electricity, and at the same time has the largest
solar resource of any industrialized country.® Developing technologies that can reliably and affordably
harvest this resource will greatly enhance national energy security while reducing the threat of global
warming and create high-paying U.S. jobs. To accomplish this mission, the Solar Program invests in
two basic types of solar technologies — photovoltaics (PV) which convert the sun’s energy directly into
electricity, and concentrating solar power (CSP) technologies which concentrate the sun’s rays and
produce electricity from the resulting thermal energy.

The R&D effort focuses on technology pathways that have the greatest potential to lower costs and
improve performance. Industry-led R&D partnerships, known as “Technology Pathway Partnerships
(TPPs),” address the issues of cost, performance and reliability associated with each technology
pathway, while other mostly university-led efforts focus on next generation PV devices and processes.
Partners include industry, universities, laboratories, and other governmental entities broadening the base
and increasing the likelihood of achieving the goals. Our modeling suggests that, in 2015, outcomes and
benefits could include 5 to 10GW of cumulative new capacity.

Today, solar energy systems are well established. Demand for these systems is growing in many parts
of the world. Possible near-, mid-, and long-term scenarios for solar technologies are:

? Based on radiation data collected by the National Renewable Energy Laboratory.
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= Near-term — as system costs continue to decrease, the number of grid-connected solar systems could
increase quite rapidly, meeting local energy needs such as decentralized and potentially
uninterruptible power, community power, or peak shaving;

= Mid-term — reductions in cost could encourage penetration by solar technologies into large-scale
markets, first in distributed markets such as commercial buildings and communities, and later in
utility-scale systems; and

= Long-term — provide both distributed and centrally generated electricity and heat throughout the
U.S., with an increasing share of residential and commercial buildings generating their own energy
on-site with grid-connected systems.

DOE analysis of the potential benefits of its renewable energy programs suggest that by 2030, the Solar
Program can directly contribute to private sector development of more than 70GW of electric power to
the grid and reduce carbon emissions by roughly 500 million metric tons, and can essentially triple those
contributions by mid-century.

The proposed FY 2010 Budget investments complement funds provided by the Recovery Act that
accelerated the development of critical path technologies in support of the program’s goals of making
electricity generated from solar competitive with conventional grid electricity by 2015, and address
market barriers and accelerating the development of advanced and next generation PV technology. To
enable decision makers and the public to follow performance and plans, the program will post its
progress in these planned activities at: http://www.energy.gov/recovery/index.htm.

In addition, the FY 2010 Budget proposes several structural changes within the Solar Energy Program.
The PV and CSP Programs were brought together under a single Solar Program in FY 2003. Since that
time, Solar has been managed as a single program, with corporate needs for crosscutting areas such as
systems analysis, resource assessment, and technical outreach. Accordingly, Solar now consists of four
subprograms - two technologies based, PV & CSP, and two crosscutting, Systems Integration and
Market Transformation. In this way, the program preserves the technology distinction between two
fundamentally different ways of producing solar power, while providing two distinct crosscutting areas
that afford better efficiency in addressing needs common to the entire solar technology portfolio. The
two technology paths focus on cost reduction, while the two crosscutting paths focus on enabling the
high penetration of solar into the market. Together they form an effective strategy for making solar a
significant contributor to U.S. alternative energy.
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Climate Change

The Solar Program’s research, development, demonstration and deployment activities all support the
achievement of a national reduction in greenhouse gas (GHG) emissions. Solar technologies have the
potential for significantly displacing fossil-based electricity generation, thus reducing the amount of
carbon emitted into the atmosphere. For example, DOE analysis suggests that by 2030 the Solar
Program’s activities could directly contribute to a cumulative reduction of more than 400 million metric
tons of CO,. By mid-century these benefits could increase tenfold.

Energy Security

While solar does not directly displace petroleum imports for transportation, it does displace natural gas
used in the electricity sector. Thus, increasing the use of solar for electricity generation will have a
significant impact on reducing the need for imported liquefied natural gas (LNG). In addition, if plug-in
hybrid electric vehicles (PHEVs) are successful at penetrating the market for transportation, then solar
power, by providing electricity to charge PHEVS, could also help to displace the demand for petroleum
and/or fossil-based electricity generation for transportation purposes. The combination of solar and
PHEVs could help the U.S. move to a much more secure and sustainable transportation system.

Economic Impact

Due to continued improvements in the cost and performance of solar technologies the program’s
activities could result in considerable savings to consumers. For example, by 2030 the program’s
activities could directly contribute to a cumulative savings to consumers of at least $15 billion
(primarily in the form of savings on consumer electricity bills). Consumer savings could grow rapidly
to more than $200 billion.

The benefit tables below shows the estimated benefits from 2015 through 2050 that would result from
realization of the program’s goals. These benefits are achieved by targeted Federal investments in
technology research and development in partnership with industry members, universities, National
Laboratories, States other governmental and/or other stakeholders. These partnerships facilitate the
technical coordination of activities and attract cost sharing to provide leveraged benefits.

The benefits table also reflects the increasing market share of advanced solar technologies over time as
projected installed system costs decline and system performance improves. The expected benefits
reflect solely the achievement of the program’s goals. Not included are any policies, regulatory
mechanisms, or other incentives already in existence that might be expected to support or accelerate the
achievement of the program goals.

The program goal case is modeled along with a “baseline” case in which no DOE R&D exists. The
baseline case is intended to represent the future without the effect of the Solar Energy Program, and is
identical for all DOE applied energy R&D programs, thereby ensuring that all program benefits are
estimated using the same assumptions for external factors such as economic growth, energy prices, and
levels of energy demand. The expected outcome benefits are calculated using the same fundamental
methodology across EERE and across all of DOE’s applied energy R&D programs, and the metrics by
which expected outcome benefits are measured are identical. This standardization of method and
metrics has been undertaken as part of DOE’s efforts to make all program stated benefits comparable.

Prospective benefits are calculated as the arithmetic difference between the baseline case and the
program goal case, and the resulting economic, environmental and security benefits attributed to the
program’s activities. This approach of calculating the benefits as an incremental improvement to the
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baseline helps ensure that improvements in solar energy technologies that would occur in the absence of
the program are not counted as part of the program’s benefits. In addition to technology and process
advances due to the program’s activities, energy market policies, such as solar tax policy and state and
Federal tax policies, facilitate the development and deployment of clean energy technologies. The
expected impacts of current legislated policies in the baseline case are included so that the expected
benefits calculated reflect as much as possible the effects of activities funded by the program. In 2007,
Congress passed the Energy Independence and Security Act (EISA 2007). This act included several
important authorizations to advance solar power which included training workforce and research and
development to improve solar technologies. These new EISA authorizations are considered current
policies in the baseline case.

The benefits are generated by modeling both the program goal and baseline cases within two energy-
economy models: NEMS-GPRAL10 for benefits through 2030, and MARKAL-GPRA10 for benefits
through 2050. The full list of modeled benefits appears below.

Primary Metrics for FY 2010 Budget Request
(Incorporates Approximate Impacts of EISA 2007)

Year
Metric* Model
2015 2020 2030 2050
Oil Imports Reduction, cumulative® (Bil NEMS ns ns ns N/A
‘? bbl) MARKAL ns ns ns ns
=]
3; Natural Gas Imports Reduction, NEMS ns ns ns N/A
& cumulative (Tcf) MARKAL ns ns ns 13.1
,% Reduction in Share of Highway Fuel NEMS ns ns ns N/A
Demand Derived from Crude Oil® (%) MARKAL ns ns ns ns
CO, Emissions Reduction, cumulative NEMS ns ns 426 N/A
é (Mil mtCO,) MARKAL 5 16 523 4795
£ i " NEMS ns ns ns N/A
= SO, Allowance Price Reduction”™ ($/ton)
g MARKAL N/A N/A N/A N/A
g ) i NEMS ns ns 626 N/A
c NO, Allowance Price Reduction ($/ton)
e MARKAL N/A N/A N/A N/A
s
a Hg Allowance Price Reduction (thousand NEMS ns ns ns N/A
$/Ib) MARKAL N/A N/A N/A N/A
. N NEMS ns ns 15 N/A
2 Consumer Savings, cumulative” (Bil $)
é_ MARKAL 10 46 235
S Electric Power Industry Savings, NEMS 6 34 N/A
£ cumulative (Bil $) MARKAL 10 14 111
o
|§ Household Energy Expenditures NEMS ns ns 30 N/A
Reduction ($/household/yr) MARKAL 8 13 11 61
1. “Reductions” and “savings” are calculated as the difference between results from the baseline case (i.e. no DOE
technology) and the technology case (i.e. all DOE technology R&D programs are successful).
2. All cumulative metrics are based on results beginning in 2010.
3. Metric includes oil-derived fuel use by light-duty vehicles, commercial light trucks and freight trucks; the metric excludes
buses. Reported oil use is adijusted to exclude ethanol, biodiesel and CTL.
4. All monetary metrics are in 2006$.
5. Cumulative monetary metrics are in 2006$ that are discounted to 2010 using a 3% discount rate.
ns - Not significant
NA - Not yet available
N/A - Not applicable
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Secondary Metrics for FY 2010 Budget Request
(Incorporates Approximate Impacts of EISA 2007)

Year
Metric’ Model
2015 2020 2030 2050
. . NEMS ns 0.0 0.0 N/A
> Oil Imports Reduction, annual (Mbpd)
£ MARKAL 0.0 0.0 0.0 ns
=2
3 Natural Gas Imports Reduction, annual NEMS 0.0 0.0 0.1 N/A
& |(Tch MARKAL 0.0 0.0 0.0 1.1
g , NEMS 0% 0% 0% N/A
MPG Improvement” (%)
MARKAL ns 0% 0% ns
CO, Intensity Reduction of US Economy NEMS ns ns ns N/A
g (Kg CO2/$GDP) MARKAL ns 0.00 0.01 0.01
(2]
°§ g CO, Intensity Reduction of US Power NEMS ns ns ns N/A
Qo
S E |Sector’ (Kg CO2/kWh) MARKAL ns 0.00 0.02 0.06
s =
i CO, Intensity Reduction of US NEMS ns ns ns N/A
Transportation Sector* (Kg CO2/mile) MARKAL ns ns ns ns
5 NEMS ns ns 7 N/A
Consumer Savings, annual® (Bil $)
" MARKAL 1 3 12 69
§ Electric Power Industry Savings, annual NEMS 1 1 8 N/A
E |®ilY) MARKAL ns ns 6 32
(8]
£ Energy Intensity of US Economy NEMS ns ns 0.02 N/A
§  |(energy/$GDP) MARKAL ns ns 0.03 0.07
i}
Net Energy System Cost Reduction, NEMS N/A N/A N/A N/A
cumulative (Bil $) MARKAL ns 2 15 80
1. “Reductions” and “savings” are calculated as the difference between results from the baseline case (i.e. no DOE
technology) and the technology case (i.e. all DOE technology R&D programs are successful).
2. Change in light duty vehicles miles traveled per gallon of oil, where oil is only that derived from petroleum.
3. Emissions include all power sector emissions. Generation calculated as total net generation adjusted for estimated T&D
losses.
4. Emissions calculated using highway fuel use and related carbon emission factor. Miles calculated as highway miles
traveled, excluding buses.
5. All monetary metrics are in 2006$.
ns - Not significant
NA - Not yet available
N/A - Not applicable

The following external factors could affect the Solar Program’s ability to achieve its strategic goal:
= Material costs and availability (e.g., silicon supply, etc.);

= 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;
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= State and local regulation;

= Market participant withdrawal or entry;
= Building community infrastructure; and
= Utility barriers and pricing strategies.

Contribution to the Secretary’s Priorities

The Solar Program activities contribute to several of the Secretary’s priorities as enumerated below.
The principal focus area(s) are Clean Energy and Economic Prosperity.

Priority 1: Science and Discovery — Invest in science to achieve transformational discoveries.

The Solar Energy Program re-energizes the National Laboratories as centers of great science and
innovation through lab facility improvements and increased hiring of post-doctoral students. It also
creates an effective mechanism to integrate National Laboratory, university, and industry activities
through joint solicitations, on topics such as thermal storage that require inputs from all sectors. The
Solar Program also participates in the IPCC and contributes to IEA solar related tasks. The Solar
Program connects basic and applied sciences through collaborations with DOE’s Office of Science, the
National Institute of Standards and Technology (NIST), and National Science Foundation (NSF).

Priority 2: Clean Energy — Change the landscape of energy demand and supply.

The Solar Program demonstrates and facilitates the deployment of a range of solar energy technologies
with commercial partners, while also aggressively advancing a wide-range of solar energy technologies
through cutting edge R&D, working with the National Laboratories, universities, private sector
partnerships, and other non-profit research organizations.

Priority 3: Economic Prosperity — Create millions of green jobs and increase competitiveness.

The Solar Program works to develop low-cost solar technologies for residential, commercial and utility-
scale applications. These technologies will contribute to fostering economic prosperity through creating
green jobs, reducing consumers’ energy bills, and improving the reliability of the electricity system.

Priority 5: Lower GHG Emissions — Position U.S. to lead on climate change policy, technology, and
science.

The Solar Energy Program works through the International Energy Agency (IEA) in PV and CSP
technologies to define joint areas of collaborative research and develop standards that would facilitate
the manufacturing scale-up improvements and uniform testing protocols.

Contribution to GPRA Unit Program Goal 1.1.03.00 (Solar Energy)

Solar Energy Program contribute to Strategic Goal 1.1.03.00 by developing next generation
technologies with improved performance and by reducing system, manufacturing, and installation costs
of solar energy technologies to levels competitive with fossil and nuclear energy sources.

Means and Strategies

The Solar Program will use various means and strategies to achieve its GPRA Unit Program goals as
described below. “Means” include operational processes, resources, information, and the development
of technologies, and “strategies” include program, policy, management and legislative initiatives and
approaches. Various external factors, as listed below, may impact the ability to achieve the program’s
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goals. Collaborations are integral to the planned investments, means and strategies, and to addressing
external factors.

The Solar Program will implement the program using the following means:

= Perform research, development, demonstration and deployment activities in partnership with
coalitions of industry members, universities, National Laboratories and/or States to reduce costs;

= Increase PV module efficiency, system reliability, and manufacturing capability; develop lower cost
production processes for cells and modules;

= Select technology pathways for accelerated development of improved manufacturing methods,
materials use, defect control and throughput;

= Increase the efficiency and reliability of CSP systems;
= Develop low-cost thermal storage for CSP systems;

= Conduct systems integration activities such as technology modeling and analysis to help identify
research priorities;

= Identify the barriers and benefits of grid integration;

= Work with Solar America Cities to build sustainable solar infrastructures, while assisting a second
round of cities in defining and launching their activities;

= Conduct other market transformation activities to identify and address market barriers to solar
technology usage, and promote market expansion opportunities; and

= Coordinate with the Buildings Technologies Program through the Solar Buildings Initiative to
accelerate deployment of higher-efficiency buildings incorporating PV technologies.

The Solar Program uses the following strategies:

= Work with cost-shared partnerships consisting of industry members, universities, National
Laboratories, States and/or other governmental entities to solve scientific and technical barriers
necessary to improve performance and reliability, while reducing cost in PV technology pathways;

= Work with States, industry, and other entities to leverage Federal taxpayer resources, communicate
technology advances and opportunities effectively, reduce barriers, and accelerate market
penetration of technology applications; and

= Work with the Office of Science, the Building Technologies Program and the Federal Energy
Management Program on solar R&D and deployment opportunities. This includes work with other
agencies such as the Defense Advanced Research Projects Agency (DARPA), the BLM, and others.

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 Solar Program will work with solar energy and other industry experts outside of DOE to:

= Ensure that the Solar Program’s research directions and priorities address the needs of
manufacturers, utilities, state agencies, consumers, and other stakeholders;

= Ensure that program activities are within the realm of technical feasibility and properly aligned with
market forces;
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= Develop technology roadmaps and peer reviews, versions of which have been completed within the
last two years for each of the primary solar subprograms;

= Ensure that adequate Federal land is made available for solar power plants; and

= Ensure that adequate transmission is allocated for solar projects.

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:  National Solar Technology Roadmaps (2007); Annual Energy Outlook (2007); Solar
Program Peer Review (2005); Sargent and Lundy, Assessment of Parabolic Trough
and Power Tower Solar Technology Cost and Performance Forecasts (2003);
National Research Council, Critique of the Sargent and Lundy Draft Assessment of
Cost and Performance Forecasts for Concentrating Solar Power (2002); National
Research Council, Renewable Power Pathways: A Review of DOE’s Renewable
Energy Programs (2000).

Baselines: The Solar Program’s 2003 baselines for system production cost reduction goals are:
$0.19 to $0.24/kWh for PV electric energy (see the Solar Program Multi-Year
Technical Plan) and; $0.12 to $0.14/kWh for electricity from CSP technologies (See
the CSP Technology Transition Plan 2004). Sargent and Lundy are working on
updating the baseline based on 2008 costs.

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;

= Implementation of a consistent methodology across the program for analyzing
levelized cost of energy (LCOE);

= Critical peer review of both the program and subprogram portfolios and
activities by independent outside experts;

= Annual internal Technical Program Review of the Solar Program;
= A Technical Review Team specific to the SAI;

= 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);

= Annual review of methods, and re-computation of potential benefits for the
Government Performance and Results Act (GPRA).
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Data Storage: ~ EIA and other organizations, such as National Laboratories (including the National
Renewable Energy Laboratory, Sandia National Laboratories (Sandia), store data on
computer servers.

Verification: Peer reviews; National Laboratory system and component test data; trade
association reviews; National Laboratory survey of PV manufacturing cost/capacity
data from U.S. industry; EIA survey of solar manufacturers; literature reviews.
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Annual Performance Results and Targets

FY 2005 Results

FY 2006 Results

FY 2007 Results

FY 2008 Results

FY 2009 Targets

FY 2010 Targets

GPRA Unit Program Goal 1.1.03.00 (Solar Energy)

Photovoltaic R&D

Verify, using standard
laboratory measurements, a
conversion efficiency of 13.5
percent of U.S.-made,
commercial crystalline silicon
PV modules. Production cost
of such modules is expected to
be $1.95 per Watt. [MET]

Develop thin-film PV modules
with an 11.0 percent
conversion efficiency that are
capable of commercial
production in the U.S. [MET]

Concentrating Solar Power

Systems Integration

Market Transformation

Verify, using standard
laboratory measurements, a
conversion efficiency of 13.8
percent of U.S.-made,
commercial crystalline silicon
PV modules. Production cost
of such modules is expected to
be $1.90 per Watt. [MET]

Develop thin-film PV modules
with an 11.2 percent
conversion efficiency that are
capable of commercial
production in the U.S. [MET]

Conduct advanced research on
trough collectors and receivers
that will lead to a reduction in
the modeled cost of energy
from CSP troughs to $0.12-
$0.14/kWh. [MET]

Energy Efficiency and Renewable Energy/

Solar Energy

Verify, using standard
laboratory measurements, a
conversion efficiency of 14.5
percent of U.S.-made,
commercial crystalline silicon
PV modules. Production cost
of such modules is expected to
be $1.80 per Watt. [MET]

Develop thin-film PV modules
with an 11.8 percent
conversion efficiency that are
capable of commercial
production in the U.S. [MET]

Develop CSP trough collector
and receiver technologies that
enable a system conversion
efficiency of 13.1 percent. The
levelized cost of energy from
such a system is expected to be
in the range of $0.11-
$0.13/kWh. [MET]

Reduce producer
manufacturing cost of silicon
PV modules to $1.70 per Watt,
roughly equivalent to a
modeled levelized cost of
energy of $0.14-$0.23/kWh.
[MET]

Complete R&D that will reduce
the direct manufacturing cost of
thin film PV modules to $1.60
per Watt, roughly equivalent to
a modeled levelized cost of
energy of $0.14-$0.23/kWh.
[MET]

Modeled levelized cost of
power from large-scale
concentrating solar power
(CSP) plants in the range of
$0.11-$0.13/kWh from
completed R&D. [MET]
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Modeled levelized cost of
$0.17-$0.20/kWh for
residential PV applications.

Modeled levelized cost of
$0.12-$0.16/kWh for
commercial PV applications.

Modeled levelized cost of
$0.10-$0.12/kWh for utility -
scale CSP applications.

Modeled levelized cost of
$0.15-$0.18/kWh for
residential PV applications.

Modeled levelized cost of
$0.10-$0.14/kWh for
commercial PV applications.

Modeled levelized cost of
$0.10-$0.12/kWh for utility-
scale CSP applications.

Identify at least 5 SEGIS
awards to move into prototype
development in Phase II.

Complete technical assistance
to 20 Solar America Cities to
address issues such as
financing, permitting, city
planning, and outreach.
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FY 2005 Results

FY 2006 Results

FY 2007 Results

FY 2008 Results FY 2009 Targets FY 2010 Targets

Solar Heating and Cooling Systems

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

General Program Goals

Contributed proportionately to

Maintain total administrative

EERE’s corporate goal of
reducing corporate and
program adjusted uncosted
obligated balances to a range of

overhead costs (defined as

Maintain total administrative

Maintain administrative costs Maintain administrative costs Maintain administrative costs

overhead costs (defined as

as a percent of total program as a percent of total program as a percent of total program

program direction and program

program direction and program

costs less than 12 percent. costs less than 12 percent.

costs less than 12 percentaﬂ

support excluding earmarks) in

support excluding earmarks) in

[MET]

relation to total program costs

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 ($19,342K)
until the target range is met.
[MET]

of less than 12 percent.
[MET]

relation to total program costs
of less than 12 percent. [MET]

# Administrative costs are comprised of Program Direction and elements of Program Support (Technology Advancement and Outreach; and Planning, Analysis and Evaluation), baseline and targets under
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Photovoltaic R&D

Funding Schedule by Activity
(Comparable, or as Appropriated, Structure)

(dollars in thousands)

FY 2008 FY 2009 FY 2010

Photovoltaic Energy Systems

Applied Research 36,861 41,439 48,539

Systems Development 64,210 67,725 87,550

Technology Evaluation & Integration 21,503 21,209 10,870%

Technology Acceptance 14,170 12,420 0°

SBIR/STTR —° 2,207 2,511
Total, Photovoltaic Energy Systems 136,744 145,000 149,470

Photovoltaic R&D
Funding Schedule by Activity
(Non-Comparable Structure to the FY 2010 Request)

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Photovoltaic R&D 0 0 146,959
Applied Research 36,861 41,439 -
Systems Development 64,210 67,725 -
Technology Evaluation & Integration 21,503 21,209 -
Technology Acceptance 14,170 12,420 -
SBIR/STTR - 2,207 2,511
Total, Photovoltaic Energy Systems 136,744 145,000 149,470

Description

Modifications were made to the budget structure to better reflect Photovoltaic R&D activities in FY
2010. The two tables above show a non-comparable and comparable funding profile at the subprogram
level. The non-comparable table presents the FY 2010 funding in the new budget structure only and FY
2008 and FY 2009 funding is shown as appropriated. The comparable table shows the FY 2008 and FY
2009 funding in the new budget structure to assist in comparing year-to-year funding trends.

& This amount represents the tech evaluation funding for PV only. The rest is now included in the new Systems Integration subprogram.

b This funding is now covered in the new Market Transformation subprogram.
¢ SBIR/STTR funding was transferred to the Science Appropriation in FY 2008.
¢ SBIR/STTR funding was transferred to the Science Appropriation in FY 2008.
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Photovoltaic (PV) technologies utilize semi-conducting materials that directly convert sunlight into
electricity. Modular by nature with no moving parts, they can be sized to almost every need and placed
almost anywhere sunlight is available. This characteristic differentiates PV from almost all other
renewable energy technologies and allows electricity to be created where consumed thereby reducing
the need for addition transmission lines.

The basic building block of a PV system is the solar cell that converts sunlight into electricity. Solar
cells are connected together to form modules. Modules can be further connected together to form
arrays. Modules and/or arrays are primarily used to feed electricity directly into the grid via inverters
and can be used to power electrical appliances, such as security lighting or highway signs. R&D efforts
focus on improving performance and reliability of systems, and reducing manufacturing and installation
costs.

Module size is typically one square meter with a power output ranging from roughly 80 to 200 Watts
(W), roughly 2 to 4 times the energy needed for the typical incandescent light bulb (but 8 to 16 times a
typical compact fluorescent light bulb). The module comprises 50 to 60 percent of the levelized cost of
energy yielded from a PV system and presents a significant opportunity for cost savings. Crystalline
silicon is the most mature technology and comprises greater than 85 percent of the market. New
technologies with the potential for lower costs include thin films and high performance multi-junction
cells for use in concentrating collectors.

To accelerate cost reductions the PV subprogram is accelerating R&D to focus on full system solutions
with the highest potential to reach cost competitiveness by 2015. New industry-led partnerships, known
as “Technology Pathway Partnerships” (TPPs) are being funded to address the technical issues
associated with each pathway. Milestones and metrics are used in a stage-gate process to monitor
progress and down select poorly performing projects to ensure that only those technology pathways that
have the most potential move forward. This strategy is aimed to maximize public funding benefits while
increasing the chance of achieving program goals.

For FY 2010, the PV subprogram’s priorities are:

= Align R&D activities to concentrate on the most promising technology pathways and market
acceptance activities;

=  Produce R&D results and meet all technical milestones commensurate with the second full year of
industry-led multi-year 50/50 cost-shared contracts under competitive solicitations to reduce costs.
The TPPs and Technology Acceptance activities will include teams with industrial, university,
National Laboratory, and/or state agency partners;

= Advance module and system manufacturing technologies to achieve higher performance and lower-
cost products with faster throughput; and

= Continue systems reliability research to increase the lifetime of modules and the mean time to
failure of DC-to-AC current inverters for low-cost, grid-tied distributed PV systems.
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Benefits

The Solar Program goal of achieving cost- & :
competitive solar electricity translates to a & i’
range of costs based on specific markets. For B
PV, the estimated cost ranges for market- g
specific cost-competitive electricity g %
generation in 2015 are: £ o Sr,
(=] &
= 5-7¢/kWh for centralized power markets; 3w ,o%w%
= 6-8¢/kWh for commercial markets; and § 20
= 8-10¢/kWh for residential markets. " e
= By 2010, reduce the 30-year user cost for Y - e o
PV electric energy to 10-18¢/kWh from B B
18-23¢/kWh in 2005.*" e e
Because the Solar Program is designed to O A —

affect the levelized cost of energy, the
program changed the primary metrics from $/W to $/kWh. In addition, the metric was split into
commercial/utility and residential, which more accurately reflect the divides of the solar market. The
cost of power is expressed in ranges due to the diversity of PV module applications. The low-end
reflects commercial applications under good conditions, such as advantageous financing terms and
sunny locations, while the higher end is more common in residential applications. Costs could be
impacted by changing key factors such as: interest rates; labor costs; raw material costs; Federal, state
and local incentives; global deployment efforts; and geography of installation. A sample of data across
U.S. installations was used to calibrate the cost analysis tool, which resulted in higher cost estimates for
residential PV installations.

Projected Solar Energy Costs Targets and Actuals

TARGETS

2010
Cost (/KW
Target 2010

13-18

9-12

10-15

2015 2020

Cost {e/kWWh)
Target 2015

a-10
6-8
5-7

(o) foedeg pajeisul ‘s’ aaeWng

Historic
2003 2004 2005 2006 2007 2008
Levelized Electricity Cost from PV Modules ($/kWh)®
Target 0.19-0.24 0.18-0.23 0.18-0.23 0.17-0.23 0.16-0.27 0.14-0.23
Actual 0.19-0.24 0.18-0.23 0.18-0.23 0.17-0.23 0.16-0.27 0.14-0.23

2 Key technology pathways to the goals include detailed annual performance progress indicators are presented in their respective benefits sections.
® The additional American Recovery Reinvestment Act funds would increase the probability of achieving the goals.

¢ The Levelized Cost of Electricity (LCOE) is the principle metric by which electricity generation technologies are compared. This established basis for
evaluating the cost of a generation method takes into account those aspects of a technologies performance that directly impact power generation efficiency,
system cost, and reliability. LCOE is a measure of the total lifecycle costs associated with a PV system divided by the expected lifetime-energy output, while
accounting for the appropriate adjustments such as time value of money, etc. The National Renewable Energy Laboratory (NREL) has developed a robust
model that considers the climatic variables which impact solar energy generation for hundreds of US locations called: the Solar Advisor Model (SAM). The
SAM was used by EERE’s Solar Program to calculate the LCOE estimates if its technical goals were met, under a range of assumptions about factors outside

the Program’s direct control, such as Operations & Maintenance costs.
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Planned

2009 2010 2011 2015
Levelized Electricity Cost from Residential PV Modules ($/kwWh)
Target 0.17-0.20 0.15-0.18 0.13-0.16 0.08-0.10

Levelized Electricity Cost from Commercial Utility PV Modules (E/kwWh)
Target 0.12-0.16 0.10-0.14 0.09-0.13 0.05-0.08

Detailed Justification
(dollars in thousands)
FY 2008 FY 2009 FY 2010

Photovoltaic R&D 0 0 146,959

The Photovoltaic R&D subprogram has five components: Exploratory Research, Conversion Devices,
Measurements and Characterization, Systems Development, and Technology Evaluation.

Exploratory Research consists of work on cutting-edge next generation R&D, which currently
includes technologies such as plasmonics, organic cells, and multiple exciton generation (MEG). The
core activity is the Next Generation PV R&D work, begun in FY 2008 through a competitive
solicitation that resulted in awards to universities and industry members. These three year projects
will reach go/no-go decision points in FY 2010. R&D on non-traditional PV technologies is essential
to ensure innovation and support the development and expansion of advanced PV options. Seed
funding for refreshing the National Laboratory PV research portfolio with the earliest stage
technology is also a focus of Exploratory Research. This work helps bridge the gap between basic
science and technology development. (Approximate funding $13,300,000)

Conversion Devices covers research to improve PV cells in all the major currently commercially
available technologies: Wafer Silicon, Film Silicon, Copper Indium Gallium Selenide (CIGS),
Cadmium Telluride (Cd Te), Concentrating PV, Organic PV, and Sensitized Cells. The focus of this
R&D is semiconductor materials, device properties, and fabrication processes to improve the
efficiency, stability, and cost of PV solar energy conversion. Researchers work closely with industry
to help solve current problems, and conduct further research to prepare improvements that industry
can adopt in the future. (Approximate funding $19,100,000)

The Measurement and Characterization activity supports cross-cutting research including the device-
level analysis of NREL’s Measurements and Characterization (M&C) group and the new
manufacturing-development focused Process Development Integration Laboratory (PDIL), housed in
the Science and Technology Facility at NREL. M&C provides test, measurement, and analysis
support and research for all PV material technologies, and collaborates with internal research groups,
external research partners in university and industry laboratories, and PV manufacturers. This effort
assists stakeholders through the test and analysis of thousands of materials and device samples
annually, helping them to understand and direct work on their research and commercial product
development. The PDIL gives stakeholders an extra level of insight into product development of all
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(dollars in thousands)
FY 2008 FY 2009 FY 2010

PV material technologies with specialized equipment that simultaneously allows the creation and
analysis of PV devices. With the capability to study their processes in more depth as the cells are
made, the improvement in manufacturing will be accelerated. (Approximate funding $13,400,000)

The Systems Development activity works primarily through cost-shared contracts with industry to
advance the development of PV systems and components. This activity has three primary projects:
the TPPs; the PV Incubator Project; and the University Process and Product Development.

The industry-led TPPs are executing projects segmented into three manageable three-year phases,
with new funding opportunities released at the completion of each phase — for both continuing
industry-led teams and new applicants. These phases will progressively reduce the cost of
commercially-available PV systems and components, and will ultimately yield commercial products
and production processes that achieve the cost and capacity targets for 2015.

In FY 2010, the third year of the first phase, the partnerships will focus on development, testing,
demonstration, validation, and interconnection of new PV components, systems, and manufacturing
equipment. Results from these projects will help inform the issuance of a funding opportunity
announcement for a second round of projects.

In phase one, TPPs are developing new PV solutions for the residential, commercial, and utility
market sectors of grid-tied electric power:

= Residential Rooftop Market — Typically mounted on rooftops and range in size from under 1kW
to 10kW, most commonly in the 3 to 4 kW range. These systems are connected to the grid on the
retail (customer) side of the utility meter. These systems can be retrofitted onto existing homes or
integrated into new construction through building-integrated PV (BIPV) designs.

= Commercial Rooftop Market — Typically mounted on the large flat roofs of commercial,
institutional, and industrial buildings, ranging in size from less than 10kW to 500kW and
connected on the retail side of the utility meter. Retrofits and BIPV are also possible applications
in this market.

= Utility Market — Large-scale (multi-megawatt) systems that displace conventional utility
generated intermediate load (e.g. natural gas continuous cooling transformation (CCT) plants) on a
wholesale basis. Typical utility PV systems are ground-mounted and range in size from 1MW
to10MW, although much larger systems are also possible. Designs include both fixed and
tracking configurations.

The TPPs are developing systems which have the greatest potential for cost-competitiveness by 2015.
Examples of promising PV technologies include crystalline silicon, thin film, and concentrating PV.
The partnerships are also developing and testing balance-of-system component designs that address
emerging requirements for modularity, interface standardization, reliability, and decreased installation
cost.
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(dollars in thousands)
FY 2008 FY 2009 FY 2010

The PV Incubator project, launched in FY 2008, enables start-up PV companies to work with the
National Laboratories to scale up laboratory processes into pilot manufacturing processes. Additional
awards are issued each year, with the third round planned for FY 2010. All performers will continue
to work closely with the laboratories in order to deliver new module prototypes and demonstrate >
3MW of pilot production within 18 months of the start of the projects. This will reduce risk in capital
investments for manufacturing capacity expansion, and allow private capital markets to fund the
build-out of manufacturing capacity based on these projects.

The University Process and Product Development Project, entering its third year, leverages the
essential expertise that universities hold through competitively awarded university-led process and
product development projects. Universities possess a fundamental understanding of materials and
device physics, as well as experience with laboratory-scale processes and prototype production. This
experience uniquely positions universities to leverage their knowledge in assisting the transition of PV
technology from laboratory to marketplace, as well as offer guidance to industry on how to move
forward efficiently. Additionally, market-oriented research offers students exposure to the growing
PV-related commercialization efforts and supplies industry with a stream of qualified scientists

A new effort in FY 2010 is the PV Manufacturing Initiative. This initiative intends to accelerate the
commercialization and cost reduction of PV technologies. The initiative would involve individual
consortiums of industry and university participants centered around specific processes or device
architectures in order to identify and solve critical manufacturing problems. (Approximate funding
$90,100,000for Systems Development Activities)

Technology Evaluation activities will focus on the critical need to test and evaluate all deliverables
developed under the TPPs. The information will be used to determine if the TPPs are meeting
milestones and goals on time. This independent testing activity will provide the data necessary to
conduct stage-gate reviews and periodic down selects through its series of competitive phases. The
Reliability R&D activity also includes laboratory R&D to help reduce the cost of installed systems
and improve their reliability. The laboratory R&D emphasizes four technical objectives: 1)
reducing life-cycle costs; 2) improving reliability of systems; 3) increasing and assuring the
performance of fielded systems; and 4) removing barriers to the use of the technology.

Performance evaluation of thin-film systems will continue to be conducted in the field by the
Regional Experiment Stations (RESs) to compare against benchmark data in both hot, humid
climates representative of the Southeastern U.S. and hot, dry climates representative of the
Southwestern U.S. Accelerated lifetime testing in the laboratory will be conducted in parallel with
the field testing Any failures found in the field or in the laboratory will be analyzed to determine the
degradation mechanisms. Work at the RESs will also continue to improve the reliability of
distributed grid-tied systems, especially in the buildings sector.

The Community Project solicitation was issued in FY 2009 using industry input from the
Accelerated Aging and Reliability Workshop. Awardees will test new PV systems in various
climates and configurations, and then correlate test results with failure modes. In FY 2010
accelerated testing will be conducted in the lab to guide the design, material, and process changes for
further product improvements in performance and cost reduction.
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(dollars in thousands)
FY 2008 FY 2009 FY 2010

In addition, researchers will work in partnership with universities, industry and the National
Laboratories to improve the efficiency of cell materials and devices by investigating fundamental
properties and operating mechanisms. This team research approach identifies efficiency-limiting
defects in cell materials and analyzes their electrical and optical properties. Researchers will also
work with the TPPs to improve the understanding of materials, impurities and defects and their
impact on device performance and reliability. (Approximate funding $11,000,000 for Technology
Evaluation Activities)

Applied Research 36,861 41,439 -

Applied Research has been a separate key activity under the Photovoltaic subprogram that included
next generation concepts and cross-cutting research on semiconductor materials and devices.
Beginning in FY 2010, these activities will be consolidated with the former Systems Development
key activity and the technology evaluation component of the former Technology Evaluation &
Integration key activity into a unified Photovoltaic R&D subprogram which captures only PV-
related efforts. The main purpose in this change is to move the Systems Integration and Market
Transformation activities that cut across both PV and CSP out from under the PV subprogram into
their own crosscutting subprograms. This allows the Solar Program to be managed and operated
more efficiently, improving both the speed and effectiveness of program implementation.

Systems Development 64,210 67,725 -

Systems Development has been a separate key activity under the Photovoltaic subprogram that
included cost-shared contracts with industry to advance the development of PV systems and
components. Beginning in FY 2010, these activities will be consolidated with the Applied Research
and technology evaluation activities specific to PV as noted in the above paragraph.

Technology Evaluation & Integration (TEI) 21,503 21,209 -

TEI has been a separate key activity under the Photovoltaic subprogram that focused on the
evaluation of technical advances throughout the Solar Program using independent testing and
analysis. Beginning in FY 2010, all of the non PV-specific elements of testing and evaluation are
being combined with similar activities that had been funded under the CSP subprogram and moved
to a separate cross-cutting subprogram called Systems Integration. This will allow these activities to
be managed much more effectively with a single point of contact.

Technology Acceptance 14,170 12,420 -

Technology Acceptance has been a separate key activity under the Photovoltaic subprogram that
focused on achieving solar energy technology cost competitiveness by minimizing market barriers to
solar commercialization and promoting opportunities for solar technology market penetration.
Beginning in FY 2010, these activities are being combined with similar activities formerly funded
under the CSP subprogram and moved into a separate cross-cutting subprogram called Market
Transformation. This will heighten their visibility and improve management as noted above.

SBIR/STTR 0 2,207 2,511

In FY 2008, no funding was transferred to the SBIR and STTR programs. The FY 2009 and FY 2010
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(dollars in thousands)
FY 2008 FY 2009 FY 2010

amounts shown are estimated requirements of the continuation of the SBIR and STTR program.
Total, Photovoltaic Energy Systems 136,744 145,000 149,470

Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)
Photovoltaic R&D
The increase in the PV subprogram funding is a result of combining projects formerly
funded under Applied Research, Systems Development, and the projects formerly
under Technology Evaluation that solely focused on PV into a single key activity. The
increase is also related to the new Solar Electricity Energy Innovation Hub and PV
Manufacturing initiatives. + 146,959
Applied Research
These activities will be consolidated under Photovoltaics R&D. -41,439
Systems Development
These activities will be consolidated under Photovoltaics R&D. - 67,725
Technology Evaluation
These activities will be consolidated under Systems Integration. - 21,209
Technology Acceptance
These activities will be consolidated under Market Transformation. -12,420
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SBIR/STTR

Changes in the SBIR/STTR funding are a result of shifting the above program
activities to new areas with the Solar Program request. + 304

Total Funding Change, Photovoltaic R&D + 4,470
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Concentrating Solar Power
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Concentrating Solar Power 27,617 29,621 77,250
SBIR/STTR 0? 379 1,170
Total, Concentrating Solar Power 27,617 30,000 78,420

Description

Concentrating solar power (CSP) has over 350 MW operating in the Mojave Desert for the past 20
years. Various factors such as deregulation and the large capital investment for utility-scale plants kept
additional plants from coming on line for many years. However, with rising fuel prices, favorable
government incentives, and recent R&D advances, CSP is experiencing a rebirth with new plants
coming on line both domestically and overseas. With a renewed sense of urgency to commercialize
renewable energy sources, and the prospect of developing a prolific domestic source of renewable
energy that can provide power on demand, the Solar Program is ramping up its CSP research,
development, and deployment efforts. These efforts, which leverage both industry partners and the
National Laboratories, are directed toward the development of parabolic trough, dish/engine, and power
tower CSP systems.

The Solar Program’s goals include increasing the use of CSP in the U.S., making CSP competitive in the
intermediate power market by 2015, and developing advanced technologies that will reduce systems and
storage costs, enabling CSP to be competitive in the baseload power market by 2020. DOE plans to
achieve these goals through cost-shared contracts with industry, advanced research at National
Laboratories, and working with other government agencies to remove barriers to the deployment of the
technology.

Concentrated sunlight from CSP systems produces thermal energy to run heat engines or steam turbines
for generating power. These plants can also store the sun’s energy so it can be used when the sun is not
shining, enabling it to displace significant quantities of carbon dioxide. Although CSP plants can be
configured in all sizes, they are most cost effective when they generate greater than 100MW." Their
size and economical energy storage make CSP systems strong candidates for centralized power
applications by utilities. The major focus of the CSP subprogram in FY 2010 will be twofold: the
development of low cost systems that include thermal storage and establishment of a pilot solar zone
that will facilitate the construction of several utility-scale solar projects.

Benefits

Today, in areas with favorable conditions, CSP technology can generate electricity at costs as low as
$0.13/kWh. The goal for CSP is being cost-competitive (7-9 ¢/kWh) in the intermediate power market
by 2015 with a modest amount of storage. The long-term goal for CSP systems is cost competitive (5-
7¢/kWh) baseload power including 12 to 17 hours of thermal storage by 2020. Key technology
pathways to the goals include (detailed annual performance progress indicators are presented in their
respective benefits sections):

2 SBIR/STTR funding was transferred to the Science Appropriation in FY 2008.
b Based on reports by Sandia National Laboratory and Sargent and Lundy Draft Assessment Cost and Performance (see Validation and Verification).
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By 2010, reduce the cost of large-scale CSP power plants in the Southwest U.S. to 10 to 12¢/kWh from
12 to 14¢/kWh in 2004. The Solar Program uses the following historical cost data and projections as
indicators of progress toward achieving program benefits.

U.S.-Produced Parabolic Trough System Efficiency Targets and Actuals

Historic Planned

2003 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2015

Annual Solar-to-Electric Conversion Efficiency (%)

Target n/a n/a n/a 11.9 13.1 14.0 14.8 154 16.0 16.6

Actual 111 11.9 11.9 11.9 14.0 14.3 - — — —

CSP Solar Energy Cost Targets and Actuals®

Historic Planned

2003 2004 2005 2006 | 2007 2008 | 2009° | 2010 2011 2015

Levelized Electricity Cost from Utility-scale CSP

0.12-  0.12- 0.12- 0.12- 0.11- 0.11- 0.10- 0.10- 0.10- 0.07-
Target 0.14 0.14 0.14 0.14 0.13 0.13 0.12 0.12 0.12 0.09

0.12- 0.12- 0.12- 0.12- 011- o11-
Actual 0.14 0.14 014 014 0.13- 0.13 — — — —

Detailed Justification
(dollars in thousands)
FY 2008 FY 2009 FY 2010

Concentrating Solar Power (CSP) 27,617 29,621 77,250

The primary focus of the CSP subprogram is to achieve cost competiveness of CSP in the
intermediate power market by 2015. A solicitation issued in FY 2007 resulted in 12 industry
contract awards focused on establishing a U.S. manufacturing capability of low cost trough
components and the technical feasibility of lower cost thermal storage and innovative new concepts
such as linear Fresnel. In FY 2008, the Solar Program funded Phase | of these contracts. In FY
2009, the more promising contracts moved into Phase 11 and will undergo a rigorous evaluation at
the end of that Phase (some in FY 2009 and some in FY 2010). Those that continue on will be
completed in FY 2010 or FY 2011. (Approximate funding $18,000,000)

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

® These cost projections are based on 2004 dollars. The program is currently working on updating the numbers to reflect 2009 dollars as well as the impact of
rising commodity costs. The cost of steel, for example, has risen 43 percent in two years. The cost of nitrate salts (the baseline for thermal storage) has risen
69 percent over that time frame.
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(dollars in thousands)
FY 2008 FY 2009 FY 2010

The development of low cost thermal storage is another major focus of the CSP subprogram. The
addition of energy storage helps alleviate the intermittent nature of the solar resource and enables
CSP plants to operate whenever homes and businesses require power regardless of weather or time
of day. Although the addition of storage increases the cost of building a CSP power plant, it will
actually reduce the cost of power generated by the plant. It also has the advantage of increasing the
value of the power produced because the power can be put into the grid when it is most needed; for
example in the early evening when the weather is still warm. This provides a double benefit to
consumers: lower cost and power on demand. Low cost thermal storage systems, however, have to
be developed. To this end, a solicitation issued in FY 2008 focused on establishing the technical
feasibility of several storage concepts and identifying the potential for near-term thermal storage
demonstrations. Phase | of many of these contracts will be completed in FY 2009. Phase Il of these
contracts, prototype development and evaluation will begin in FY 2010. (Approximate funding
$12,000,000)

The additional funds provided in FY 2010 will be used to establish two new activities; both of
which are designed to lower the cost of the technology:

= A solicitation will be released challenging industry to develop CSP systems capable of
operating competitively in the baseload power market by 2020. This is a stretch goal for CSP
because baseload power is fueled primarily by coal, which is the least expensive fossil fuel. In
addition, to provide baseload power would require CSP plants to have between 12 and 17 hours
of storage, whereas the optimum (lowest cost) amount of storage for CSP is about 6 hours. In
order to meet this goal, CSP systems that operate at higher temperatures will be required.
Higher temperature operation results in higher system efficiency and enables thermal storage
systems to be less costly. (Approximate funding $17,000,000)

= A pilot solar zone will be established whose goal is to develop a piece of land in a manner that
facilitates the construction of utility-scale solar projects. It will serve as a model for the western
States that are exploring the use of zones as a method of planning for the development of
renewable energy. The use of zones will potentially speed the deployment of solar power
plants. These plants will lead to cost reduction as a result of industry learning from those plants
how to incorporate cost savings into their manufacturing, installation, and operation. DOE has
been working with the Bureau of Land Management (BLM) on their current land proposal
evaluations with plans to expand this working relationship into addressing infrastructure (e.g.
roads, water, transmission tie-in), and conducting environmental studies. DOE will work with
BLM to develop a process by which developers of solar projects would gain access to a piece of
the zone and with state regulators to get access to transmission. (Approximate funding
$22,000,000)

The CSP subprogram will also expand laboratory R&D efforts in the areas of dish/engine and
parabolic trough technologies, and new R&D efforts in the areas of linear Fresnel technology and
distributed power towers. There will be an increased National Laboratories effort in thermal
storage, including R&D by lab staff, as well as new and refurbished facilities. The labs will provide
technical assistance to the solar industry with emphasis given to those companies that have won
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(dollars in thousands)
FY 2008 FY 2009 FY 2010

competitive CSP awards and those preparing for upcoming projects. Research will also focus on
materials research related to reflector coatings (e.g. glass, aluminum, polymers), thermal receivers,
and high temperature heat transfer fluids and thermal storage media. It is expected that a good
portion of this work will be at universities. (Approximate funding $8,000,000)

SBIR/STTR 0 379 1,170

In FY 2008, $1,883,000 and $227,000 were transferred to the SBIR and STTR programs respectively.
The FY 2009 and 2010 amounts shown are estimated requirements of the continuation of the SBIR
and STTR program.

Total, Concentrating Solar Power 27,617 30,000 78,420

Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)
Concentrating Solar Power
This increase in funding reflects additional commitments for the trough and advanced
components solicitation moves into Phase 111 ($14M), the thermal storage solicitation
moves into Phase Il ($9M), and the baseload CSP solicitation is fully funded in Phase |
($15M), and establishment of a pilot solar zone ($20M). In addition, the market
transformation and systems integration efforts related to CSP have been moved to those
new subprograms to be combined with similar efforts in PV. This allows these activities
to be managed more effectively and reflects their crosscutting nature. + 47,629
SBIR/STTR
Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities. +791
Total Funding Change, Concentrating Solar Power + 48,420

Energy Efficiency and Renewable Energy/
Solar Energy/Concentrating Solar Power FY 2010 Congressional Budget

Page 173



Systems Integration
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Systems Integration - - 29,270
SBIR/STTR - - 390
Total, Systems Integration - - 29,660

Description

The Systems Integration subprogram is a new subprogram proposed for FY 2010. This modification
was made to better reflect Photovoltaic R&D program activities in FY 2010.

The Systems Integration subprogram focuses on the integration of high-penetration solar energy systems
into end-use locations and the electricity grid. This subprogram emphasizes on engineering
development and integration of technical advances throughout the Solar Program into end-use
applications, including those advances made through ongoing system-level progress of the TPPs.
Systems Integration also features development of integration devices, i.e., inverters, controllers, and
interfaces to energy management systems, which are required to integrate solar systems into end-use
locations and the electricity grid. A key application area is in the residential/commercial/industrial
buildings, where Systems Integration activities are coordinating with the Building Technologies
Program to provide the thermal energy and electricity, generated from solar energy technology, needed
for a zero-energy building (or home). Similar coordination is being carried out with DOE’s Office of
Electricity Delivery and Energy Reliability (OE) to achieve high-penetration levels of solar energy
technologies into both transmission and distribution grid. System Analysis activities will continue
enhancing Solar Advisor Model (SAM) development, validating component/system models, and
integrating varying modeling platforms for collaborative development and use.

Benefits

Systems Integration activities provide enabling technologies with technology evaluation tools, and
methodologies to support meeting the target goals of high-penetration levels of grid-tied solar electric
generation. In addition, these activities drive energy independence through a systems engineering
approach by incorporating advances in technologies along with innovative policy, regulation, and
financing practices.
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Detailed Justification
(dollars in thousands)

FY 2008 FY 2009 FY 2010

Systems Integration - - 29,270

Systems Integration contains three primary activities: Systems Modeling & Analysis, Grid Integration,
and Resource & Safety R&D.

System Modeling & Analysis activities will continue benchmarking, modeling and analysis for the
systems-driven approach. Validation of models for annual energy production using data collected from
the four “technology showcase” arrays and one additional system atop the DOE Forrestal building will be
completed in FY 2010. The datasets from the Forrestal systems allow validation of models performance
of PV systems operating in a diffuse irradiation environment under partly cloudy weather conditions like
those in Washington, D.C. In FY 2010, System Modeling & Analysis will also support continuing
development and enhancements for Solar Advisory Model (SAM), guided by the needs of the SAM user
forum, and continuing market, value, and policy analyses.

Grid Integration activities focus on high-penetration integration of a solar energy systems into end-use
locations and the electricity grid. Within Grid Integration, there is critical need to improve the reliability
of the inverter and other balance of system (BOS) components. Emphasis is placed on reducing life-
cycle costs by increasing mean-time-between-failure (MTBF) of inverters and battery charge controllers,
by developing higher performance technologies through advanced solutions to thermal management and
surge protection, and by optimizing designs to achieve “plug and play” ability. FY 2010 will be the third
and last year of funding for the Solar Energy Grid Integration Systems (SEGIS) contracts with industry
to advance into pilot production of advanced inverters and energy management systems with improved
reliability, enhanced value and reduced cost. In addition, new awards are planned for FY 2010 to
support development of energy storage systems for integration with PV operations through the SEGIS-
Energy Storage (ES) FOA. The SEGIS-ES efforts will accomplish the planned SEGIS progression to
address integration of PV and storage technologies at distribution levels to meet the challenges of high
penetration. Additionally, the program will continue to support projects awarded through the FY 2009
Funding Opportunity Announcement on field demonstration projects to analyze the effects of high
penetration of distributed PV systems on electricity grid performance.

The Solar Program will also work with DOE’s Office of Electricity to address the lack of access to
electrical transmission which will be a major inhibitor to the increased use of CSP. The program will
provide resource information and analyses that recommend optimum routes for new transmission lines
that will enable CSP to be moved from arid areas of the Southwest U.S. to major population centers
throughout the western U.S.

Resource & Safety R&D will look at improving resource maps for both PV and CSP technologies with
an emphasis on providing “bankable data” to assist industry in site selection. Main activities will
include: development, validation, and dissemination of reliable, accurate solar resource information;
continued benchmarking of U.S. data with international data sets; improvements of the quality and
completeness of the National Solar Radiation Data Base; benchmarking U.S. solar databases against
international data sets following internationally established protocols; and provision of solar products
and tools to stakeholders through accessible web-based mechanisms and staff outreach activities. The
program will also develop a better method of accurately predicting the solar resource from satellite data,
establishing a standard system of collecting data at specific sites, and disseminating resource information
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to project developers.

SBIR/STTR -

- 390

In FY 2008, no funding was transferred to the SBIR and STTR programs. The FY 2010 amounts shown

are estimated requirements for the continuation of the SBIR and STTR program.

Total, Systems Integration -

Explanation of Funding Changes

Systems Integration

The increase in Systems Integration subprogram funding is the result of combining
elements formerly included under the Technology Evaluation key activity under
the Photovoltaics subprogram and several activities formerly funded under
Concentrating Solar Power. Creation of this separate subprogram was done in
order to highlight the crosscutting nature of this subprogram across both PV and
CSP technologies and to more effectively manage these efforts together rather than
as separate projects in different key activities. Funding for FY 2010 includes a
significantly increased effort in addressing grid integration issues specific to the
high penetration of solar technologies.

SBIR/STTR

Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities.

Total Funding Change, Systems Integration

Energy Efficiency and Renewable Energy/

- 29,660

FY 2010 vs.
FY 2009
($000)

+ 29,270

+390

+29,660
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Market Transformation
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Market Transformation - - 27,450
Total, Market Transformation - - 27,450

Description

The Market Transformation subprogram is a new subprogram proposed for FY 2010. This modification
was made to better reflect Photovoltaic R&D program activities in FY 2010.

The Solar Program recognizes it is of critical importance to engage adopters and decision makers in
identifying existing market barriers and ways to address those barriers. Market transformation efforts
focus on facilitating the commercialization of solar technologies by identifying and breaking down
market barriers and promoting deployment through stakeholder outreach at all levels. Market
transformation efforts look to ensure that technologies do not wind up “on the shelf” instead of “on the
roof” because of barriers in areas such as interconnection standards, net metering, utility policies, solar
access laws, policymaker understanding of solar technologies, and international safety issues. Activities
also seek to capture opportunities to promote market-pull through the facilitation of large-scale solar
deployment opportunities.

Benefits

Market Transformation creates significant benefits for the Solar Program across a wide variety of
technical, financial and policy activities. The subprogram enables DOE to provide significant assistance
to the goal of lowering the cost of solar power by identifying and reducing the market barriers to solar
technology commercialization. Efforts under this subprogram complement the R&D work of the PV
and CSP subprograms, as well as the Systems Integration work, by focusing on addressing these critical,
post-development obstacles.

Detailed Justification
(dollars in thousands)
FY 2008 FY 2009 FY 2010

Market Transformation - - 27,450

The Solar America Board of Codes and Standards (“Solar ABCs” formerly called Solar Codes and
Standards Working Group) is now in the third year of activity. Areas of work include improving
national and international standards coordination, providing inputs into National Electrical Code
revisions, maintaining current product safety standards, developing and promoting national module
performance rating test procedures, and streamlining interconnection and net metering regulations.
DOE will work closely with many stakeholders, including state and local governments, the solar
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manufacturing community, non-profits, and others.

A professional development program to support the training and certification of solar installers and
code officials will continue in order to create a sufficiently large and qualified workforce that can
install PV systems in sufficient quantities to meet Solar Program goals. FY 2010 efforts will focus
on the second year of a series of multi-year development awards.

With Solar America Cities and Solar America Showcases, the Solar Program is supporting direct
technical partnerships that work to overcome key barriers to significant solar penetration. Both
activities involve partnerships between DOE and stakeholders to leverage the advanced efforts
occurring throughout the U.S. on a local level. The Solar America Cities activity features assistance
to 25 U.S. cities that have committed to using solar power, and helps to address implementation issues
such as financing, permitting, city planning, stakeholder engagement, and grid integration. The Solar
America Showcases activity provides technical assistance (not hardware purchases) to large-scale,
high-visibility installations, such as new building communities, big box retailer installations, and
utility-scale solar. FY 2010 funds will be used to support previously selected Solar America Cities
under multi-year awards some selected during the FY 2007 for whom work commenced in FY 2008,
and the others selected during FY 2008 for whom work commenced in FY 2009. Cities will be
encouraged to share best practices through the use of interactive tools and discussion opportunities
provided by DOE. In addition, in response to EPAct Section 931, funding will support a Government
Solar Installation Program that will employ third-party financing to capitalize large installations on
Federal sites. Through these funds, the Solar Program will work with Federal Energy Management
Program to provide administrative services to Federal agencies that will enter into power purchase
agreements with private third-party project developers, facilitating rapid adoption of solar
technologies
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Market Transformation features technical outreach and communications activities to engage other
key decision makers in the wide scale adoption of solar. Target audiences include States, local
governments, and utilities. These activities will provide technical information and peer sharing
opportunities on solar technologies and related policy topics for the purpose of accelerating
innovative approaches to solar implementation. This outreach now includes working with these
same entities to help CSP gain market penetration such as: state governments to provide
information on the impact of state incentives on+ cost of power, the job impacts of CSP projects,
resource assessment; utilities to assist in technical evaluation of proposals; and the Western
Governors’ Association to assist in their Clean and Diversified Energy Initiative and Renewable
Energy Zone project, as well as other regional renewable activities (e.g. transmission, renewable
energy credits).

The Solar Policy and Analysis Network (SPAN) is a new market transformation activity being
launched in FY 2010. SPAN will help fulfill the continuing critical need for accurate and timely
research and analysis on local, state, regional, national, and international policies that promote solar
market transformation by tapping into the expertise of the Nation's universities. Competitively-
selected institutions of higher education located in geographically diverse areas will conduct
analysis on regional policies and markets and provide technical outreach to stakeholders. This
regional approach will complement the Solar Program’s traditional top-down, Federal approach to
advancing the U.S. solar marketplace. SPAN will engage engineering, business, law, policy, urban
planning and other related schools within universities that can develop novel solutions to reducing
barriers to wide scale solar commercialization. In addition, SPAN will further solar professional
development by attracting and educating a new generation of university students who can join the
solar industry in various capacities, as well as by expanding the expertise of faculty members across
disciplines to include solar energy issues. SPAN universities will also assist in conducting technical
assistance for DOE-selected projects in their regions. In FY 2010, DOE anticipates selecting
approximately six SPAN universities, with the potential to add more in later fiscal years.

Total, Market Transformation - - 27,450

Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)
Market Transformation
The increase in Market Transformation subprogram funding is the result of combining
elements formerly included under the Technology Evaluation key activity under the
PV subprogram and several activities formerly funded under CSP, as well as increased
efforts in professional development and technical outreach. Creation of this separate
subprogram was done in order to highlight the crosscutting nature of this subprogram
across both PV and CSP technologies and to more effectively manage these efforts
together rather than as separate projects in different key activities. + 27,450
Total Funding Change, Market Transformation + 27,450
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Solar Electricity Energy Innovation Hub
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Solar Electricity Energy Innovation Hub - - 34,294
SBIR/STTR - - 706
Total, Solar Electricity Energy Innovation Hub - - 35,000

Description

DOE proposes to establish multi-disciplinary Energy Innovation Hubs (Hubs) to address the basic
science, technology, economic, and policy issues hindering the ability to become energy secure and
economically strong while being good stewards of the planet by reducing greenhouse gas (GHG)
emissions. The main focus of the hub is to push the current state-of-the-art energy science and
technology toward fundamental limits and support high-risk, high-reward research projects that produce
revolutionary changes in how the U.S. produces and uses energy.

The hubs are inspired by the Bell Labs research model, which produced the transistor, the building block
of modern computers. Their objective is to focus a high-quality team of researchers on a specific
question and to encourage risk taking that can produce real breakthroughs, as opposed to the typical,
more cautious approach that can result in meaningful, but often only incremental, improvements to
existing technology. DOE will encourage risk-taking by making the initial grant period five years,
renewed thereafter for up to 10 years. Any funding after 10 years would be predicated on “raising the
bar” above that needed for simple renewal. The grants will not provide “bricks and mortar,” but up to
$10 million of the $35 million award may be used for retrofits and capital equipment.

Benefits

The hubs will create significant benefits for the Nation’s energy security, growing economy and
reducing green house gas emissions. The Solar Electricity Energy Innovation Hub will be devoted to
the discovery and design of wholly new concepts and materials needed by solar to electricity
conversion.
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Detailed Justification
(dollars in thousands)
FY 2008 FY 2009 FY 2010

Solar Electricity Energy Innovation Hub - - 34,294

The Solar Electricity Hub will incorporate cutting edge research that may include both PV and CSP
technology areas. PV research will be the primary focus of the hub with emphasis on the synthesis and
modeling of disruptive PV device structures and processes to enable conceptual and cost
breakthroughs. More specifically, projects will incorporate optical, electrical, and thermal
phenomena, previously demonstrated only at the material level, into a PV device structure in order to
demonstrate the technical viability and economic promise of the approach. Additionally, radical
processes which promise disruptive 5 to 10x reductions in feedstock, processing costs or capital
expenditure will be explored at the laboratory scale. The CSP portion would likely focus on materials
research related to reflector coatings (e.g. glass, aluminum, polymers), thermal receivers, and high
temperature heat transfer fluids and thermal storage media. The grants will not provide “bricks and
mortar,” but up to $10 million of the $35 million award may be used for retrofits and capital
equipment.

SBIR/STTR - - 706
This is an estimated amount based on the continuation of the SBIR and STTR program.

Total, Solar Electricity Energy Innovation Hub - - 35,000

Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)
Solar Electricity Energy Innovation Hub
This is a new activity for FY 2010. + 35,000
Total Funding Change, Solar Electricity Energy Innovation Hub + 35,000
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Solar Heating and Cooling Systems
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Solar Heating and Cooling Systems 1,959 - -
Total, Solar Heating and Cooling Systems 1,959 - -

Description

Solar hot water and space heating/cooling technologies were previously managed by the Solar Program.
Following increased collaboration with the Buildings Technologies Program (BT), the Solar Program
transferred the Solar Heating and Cooling Systems activity to BT in FY 2009. BT continues to focus on
developing a zero energy home with a cost within the means of most Americans. To accomplish this in
the most efficient manner possible, all aspects of a home (e.g. walls, windows, insulation, HVAC, PV,
solar water heating, solar space heating/cooling) have to be designed and analyzed as a whole system.
The transfer of the Solar Heating and Cooling Systems activity provides a more complete and efficient
use of these technologies to help advance zero energy home R&D. The Solar Program continues to
promote the Solar Heating and Cooling technologies along with the growing suite of market-ready solar
technologies as part of its market transformation efforts. In addition, the Solar Program will continue to
provide technical assistance to BT as needed. PV R&D related to buildings remains the responsibility
of the Solar Program.

Detailed Justification
(dollars in thousands)
FY 2008 FY 2009 FY 2010

Solar Heating and Cooling Systems 1,959 - -

The Solar Heating and Cooling Systems subprogram completed the development of hybrid solar
lighting and solar water heating for nonfreezing locations in FY 2008. These technologies were
sufficiently developed to enable their transfer to industry for commercialization. The conclusion of
these activities facilitated the transition to the Building Technologies Program in FY 2009.

Total, Solar Heating and Cooling Systems 1,959 - -
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Wind Energy
Funding Profile by Subprogram

(dollars in thousands)

Corent | Orginal | Addonal | FY.20L0
Appropriation® | Appropriation | Appropriation quest
Wind Energy
Technology Viability 26,461 32,000 94,000 45,440
Technology Application 22,573 23,000 24,000 29,560
Total, Wind Energy 49,034 55,000 118,000 75,000

Public Law Authorizations:

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

P.L. 101-218, “Renewable Energy and Energy Efficiency Technology Competitiveness Act” (1989)
P.L. 101-575, “Solar, Wind, Waste, and Geothermal Power Production Incentives Act” (1990)

P.L. 102-486, “Energy Policy Act (EPACT)” (1992)

P.L. 109-58, “Energy Policy Act of 2005” (2005)

P.L. 110-140, “Energy Independence and Security Act of 2007 (2007)

Mission
The mission of the Wind Energy Program is to increase the development and deployment of reliable,

affordable, and environmentally sustainable wind power and realize the benefits of domestic renewable
energy production.

Benefits

Wind energy is currently the fastest growing renewable electricity generation technology in the world.
Since 2000, wind energy has demonstrated significant expansion and promise as an affordable energy
supply, increasing from about 2.5 GW of installed capacity to over 25 GW by the end of 2008.° In July
of 2008, the Department issued a report describing in detail the implications and challenges of meeting
20 percent of the Nation’s electricity needs with wind energy by the year 2030. This report, developed
in collaboration with a broad range of wind industry and energy sector experts, identifies priority needs
for accelerating wind energy expansion in the U.S., and provides a foundation for coordinated action
from the Wind Energy Program, industry, utility, governmental and other stakeholders.

The Wind Energy Program is helping to facilitate wind’s rapid growth by addressing key market,
institutional, and technology areas of concern. This will increase and diversify the domestic energy
supply, offering the U.S. a clean, domestic technology that will help mitigate greenhouse gas (GHG)
emissions on a large scale, while strengthening the Nation’s infrastructure by reducing the economic
effects of fuel price or supply disruptions through increased system reliability. In addition, expanding
the affordability and applications for wind offers an increasingly attractive investment for addressing
scalable growth in electricity demand and significant economic development potential. To support this
expansion of wind energy, the program concentrates on improving: the performance and reliability of

8 SBIR/STTR funding was transferred to the Science Appropriation in FY 2008, which includes a reduction of $456,000
that was transferred to the SBIR program, and $55,000 that was transferred to the STTR program

b American Wind Energy Association Annual Wind Industry Report, Year Ending 2008

¢ “20% Wind Energy by 2030: Increasing Wind Energy’s Contribution to U.S. Electricity Supply,” May 2008
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large scale land-based wind energy technology while reducing costs; facilitating wind energy’s rapid
market expansion by anticipating and addressing potential barriers to integrating wind into the electric
transmission system; streamlining siting, permitting, and related environmental issues; and investigating
offshore, distributed, tribal, and community-owned wind technology projects.

The proposed FY 2010 Budget investments complement funds provided by the Recovery Act that
expand large turbine reliability R&D efforts through a variety of activities, including expanded wind
turbine drivetrain testing. To enable decision makers and the public to follow performance and plans,
the program will post its progress in these planned activities at:
http://www.energy.gov/recovery/index.htm.

Climate Change

The generation of electricity from wind energy contributes no GHGs directly into the atmosphere.
EERE estimates the cumulative reduction in CO; emissions from program efforts will be over 1.7
gigatons by 2030.

Energy Security

As a domestic energy source, wind requires no imported fuel, and the wind turbine components can be
either produced in the U.S. or imported from friendly Nations with production capabilities. Our
estimates show that the program’s activities could reduce natural gas imports by a cumulative 3.6 to 4.9
trillion cubic feet by 2030. Diversifying the electrical generation mix with increased domestic
renewable energy enhances national energy security by increasing energy diversity and price stability.
Economic Impact

The U.S. is a prime location for developing wind resources, providing local businesses opportunities to
meet many of the needs associated with wind technology manufacturing, installation, and facility
operation. Large-scale deployment of wind technology diversifies the U.S. electric sector with next
generation technology that does not emit GHGs, and provides economic growth throughout the U.S.,
particularly in rural areas. In many areas of the country, wind energy has already boosted the local
economy. Wind plants offer seasonal employment during the construction phase and permanent jobs
during the operational phase. Tax revenues from wind plants can be a major revenue source for funding
local and state government services. EERE estimates of economic impact show cumulative consumer
savings in 2030 on the order of $100 billion and additional industry savings approaching one quarter that
size.

The benefit tables below show the estimated benefits from 2015 through 2050 that would result from
realization of the program’s goals. These benefits are achieved by targeted Federal investments in
technology research and development in partnership with wind turbine manufacturers, equipment
suppliers, fuel and energy companies, other agencies, state government agencies, universities, National
Laboratories, and other stakeholders. These partnerships facilitate the technical coordination of
activities and attract cost sharing to provide leveraged benefits.

The benefit tables also reflects the increasing market share of advanced-technology wind turbines over
time as their projected incremental cost relative to conventional technology declines, and as their
efficiency relative to conventional wind turbines increases. The expected benefits reflect solely the
achievement of the program’s goals. Not included are any policies, regulatory mechanisms, or other
incentives not already in existence that might be expected to support or accelerate the achievement of
the program goals. In addition, some technologies show diminishing annual benefits by 2050 due to the
assumption built into the analysis that industry progress, as reflected in the baseline, will eventually
catch up with the more accelerated progress associated with EERE program success.
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The program goal case is modeled along with a “baseline” case in which no DOE R&D exists. The
baseline case is intended to represent the future without the effect of the Wind Energy Program, and is
identical for all DOE applied energy R&D programs, thereby ensuring that all program benefits are
estimated using the same assumptions for external factors such as economic growth, energy prices, and
levels of energy demand. The expected outcome benefits are calculated using the same fundamental
methodology across EERE and across all of DOE’s applied energy R&D programs, and the metrics by
which expected outcome benefits are measured are identical. This standardization of method and
metrics has been undertaken as part of DOE’s efforts to make all program stated benefits comparable.

Prospective benefits are calculated as the arithmetic difference between the baseline case and the
program goal case, and the resulting economic, environmental and security benefits attributed to the
program’s activities. This approach of calculating the benefits as an incremental improvement to the
baseline helps ensure that improvements in wind energy technologies that would occur in the absence of
the program are not counted as part of the program’s benefits. In addition to technology and process
advances due to the program’s activities, energy market policies, such as state and Federal tax policies,
facilitate the development and deployment of clean energy technologies. The expected impacts of
current legislated policies in the baseline case are included so that the expected benefits calculated
reflect as much as possible the effects of activities funded by the program.

The benefits are generated by modeling both the program goal and baseline cases within two energy-
economy models: NEMS-GPRAZ10 for benefits through 2030, and MARKAL-GPRA10 for benefits
through 2050. The full list of modeled benefits appears below.

Additionally, the “20% Wind Energy by 2030 Report provided estimates of potential benefits
associated with an alternative scenario in which deployment of wind energy is significantly accelerated
as compared to EERE modeled estimates of deployment due to the achievement of the wind program’s
current goals. The report concluded that producing 20 percent of projected U.S. electricity demand by
2030 from wind technology would avoid nearly all of the anticipated increase in electric sector CO,
emissions (the most prevalent GHG) between now and 2030. Under the 20 percent scenario, wind
energy could displace 11 percent of natural gas consumption and reduce the Nation’s energy
vulnerability to uncertain natural gas supplies and price volatility. The 20 percent study also identified
an 8 percent reduction in water consumption by the electricity sector which uses water for cooling
natural gas, coal, and nuclear plants. Further, the report estimated that a wind industry of this size
(annual installations exceeding 15 GW per year and totaling over 300 GW by 2030) would directly
support over 150,000 employees and provide over $20 billion in economic activity annually.
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Primary Metrics for FY 2010 Budget Request
(Incorporates Approximate Impacts of EISA 2007)

Year
Metric* Model
2015 2020 2030 2050
Oil Imports Reduction, cumulative® (il | NEMS ns ns ns N/A
z [ MARKAL ns ns ns ns
S
g Natural Gas Imports Reduction, NEMS ns 11 4.9 N/A
‘% cumulative (Tcf) MARKAL 0.5 15 3.6 136
S
é Reduction in Share of Highway Fuel NEMS s ns S NIA
Demand Derived from Crude Oil® (%) MARKAL . hs e ns
CO, Emissions Reduction, cumulative NEMS ns 390 1705 N/A
<§ (Mil mtCO,) MARKAL 96 359 1760 8489
E . . NEMS ns ns ns N/A
= SO, Allowance Price Reduction™ ($/ton)
] MARKAL N/A N/A N/A N/A
=
£ _ _ NEMS ns 328 909 N/A
= NO, Allowance Price Reduction ($/ton)
_g MARKAL N/A N/A N/A N/A
>
3 Hg Allowance Price Reduction (thousand NEMS ns ns ns N/A
$/1b) MARKAL N/A N/A N/A N/A
»  |Consumer Savings, cumulative® NEMS 13 44 113 N/A
|Gl MARKAL 11 35 97 279
% Electric Power Industry Savings, NEMS 4 11 23 N/A
€ |eumulative (Bil $) MARKAL ns 6 11 34
=
S Household Energy Expenditures NEMS ns 30 20 N/A
= Reduction ($/household/yr) MARKAL 10 14 5 32
1. “Reductions” and “savings” are calculated as the difference between results from the baseline case (i.e. no DOE
technology) and the technology case (i.e. all DOE technology R&D programs are successful).
2. All cumulative metrics are based on results beginning in 2010.
3. Metric includes oil-derived fuel use by light-duty vehicles, commercial light trucks and freight trucks; the metric excludes
buses. Reported oil use is adjusted to exclude ethanol, biodiesel and CTL.
4. All monetary metrics are in 20063.
5. Cumulative monetary metrics are in 2006$ that are discounted to 2010 using a 3% discount rate.
ns - Not significant
NA - Not yet available
N/A - Not applicable
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Secondary Metrics for FY 2010 Budget Request
(Incorporates Approximate Impacts of EISA 2007)

Year
Metric Model
2015 2020 2030 2050
. . NEMS ns ns ns N/A
> Oil Imports Reduction, annual (Mbpd)
T MARKAL ns ns ns ns
=
(}:3 Natural Gas Imports Reduction, annual NEMS ns ns 0.4 N/A
= (U MARKAL 0.2 0.2 0.2 0.7
5 ) NEMS ns ns ns N/A
MPG Improvement” (%)
MARKAL ns ns ns ns
CO, Intensity Reduction of US Economy NEMS ns ns ns N/A
= (Kg CO2/$GDP) MARKAL 0.00 0.00 0.01 0.01
g £ |CO; Intensity Reduction of US Power NEMS ns 0.02 0.04 N/A
<
g2 Sector® (Kg CO2/kWh) MARKAL 0.01 0.02 0.05 0.09
g =
5 CO, Intensity Reduction of US NEMS ns ns ns N/A
Transportation Sector* (Kg CO2/mile) MARKAL ns ns ns ns
. 5. NEMS ns ns ns N/A
Consumer Savings, annual® (Bil $)
- MARKAL 4 8 15 39
2 |Electric Power Industry Savings, annual NEMS 2 2 2 N/A
% (Bil $) MARKAL ns 3 4 10
£ Energy Intensity of US Economy NEMS ns 0.05 0.06 N/A
g |(energy/sGDP) MARKAL 0.02 0.02 0.06 0.07
=
Net Energy System Cost Reduction, NEMS N/A N/A N/A N/A
cumulative (Bil $) MARKAL ns 9 31 119
1. “Reductions” and “savings” are calculated as the difference between results from the baseline case (i.e. no DOE
technology) and the technology case (i.e. all DOE technology R&D programs are successful).
2. Change in light duty vehicles miles traveled per gallon of oil, where oil is only that derived from petroleum.
3. Emissions include all power sector emissions. Generation calculated as total net generation adjusted for estimated T&D
losses.
4. Emissions calculated using highway fuel use and related carbon emission factor. Miles calculated as highway miles
traveled, excluding buses.
5. All monetary metrics are in 2006$.
ns - Not significant
NA - Not yet available
N/A - Not applicable
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The following external factors could affect the Wind Energy Program’s ability to achieve its strategic
goal:

= Delays in development of national transmission infrastructure;

= The availability of conventional energy supplies;

= The cost of competing technologies;

= The ability of the industry to respond quickly as wind installation demand increases;

= Fluctuating material costs (i.e., steel, copper, fiberglass, and concrete) and currency exchange rates;
= State and international efforts to support wind energy;

= Federal, state and regional regulatory actions affecting land-based and offshore wind installations;
= Continuation of Federal tax incentives;

= Implementation of other policies at the national level, including Federal efforts to reduce carbon and
criteria pollutant emissions; and

= Auvailability of wind and power data from wind energy installations.

Contribution to the Secretary’s Priorities

The Wind Energy Program contributes to four of the Secretaries priorities as shown below. The
principal areas of focus are clean energy and lowering GHG emissions.

Priority 1: Science and Discovery — Invest in science to achieve transformational discoveries

The Wind Energy Program addresses basic and applied science through partnerships between National
Laboratories, universities, and industry. These partnerships allow specialized technical expertise,
comprehensive design and analysis tools, and unique testing capabilities to be brought to bear on
problems that industry is or will encounter in bringing new turbine technology to the marketplace.

The Wind Energy Program supports active collaboration across government, industry, and international
organizations. The Wind Powering America program works with states and other domestic stakeholders
to address barriers to domestic wind energy development. Industry collaborative address important
industry needs such as reliability and wind turbine gearbox failure analysis. Environmental and
transmission cooperation is supported through the National Wind Coordinating Committee. Wind
energy expertise is provided to regulatory agencies such as the Department of the Interior, Federal
Aviation Administration, and Federal Energy Regulatory Commission. The Wind Energy Program is
highly engaged in international technical and policy collaboration through the International Energy
Agency (IEA).

Priority 2: Clean Energy — Change the landscape of energy demand and supply

The Wind Energy Program funds R&D activities to improve the reliability and performance of wind
turbine systems through competitively selected industry and university partnerships, targeted research
activities by the National Laboratories, and wind turbine component testing and analysis.

Priority 3: Economic Prosperity — Create millions of green jobs and increase competitiveness.

Wind is a domestic renewable resource, which the program strategically uses to encourage U.S.
domestic employment, supply chain development, and related economic growth. The program funds
activities in resource planning and manufacturing improvement. The program is also active in
workforce development initiatives, to ensure an adequately trained and available workforce to support
the large-scale deployment of wind energy in the U.S.

Priority 5: Lower GHG Emissions — Position U.S. to lead on climate change policy, technology, and

science
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The Wind Energy Program collaborates with National Laboratories, universities, industry, and
government to ensure timely sharing of technical and environmental information. International
collaboration is through the IEA wind energy implementing agreement, which cooperates on matters
related to R&D, deployment, and policy.

Contribution to GPRA Unit Program Goal 1.1.04.00 (Wind Energy)

The Wind Energy Program’s key contribution to GPRA Strategic Theme 1, Energy Security, is through
supply growth and diversification of energy resources. 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®

e By 2012, complete research that will achieve modeled cost of energy from large wind systems in
Class 4 winds to $0.036/kWh for land-based systems (from a baseline of $0.055/kWh in 2002);
and

e By 2014, complete research that will achieve modeled cost of energy from large wind systems in
Class 6 winds to $0.070/kWh for shallow water (depths up to 30 meters) offshore systems (from
a baseline of $0.095 in FY 2005).

= Distributed Wind Technology (DWT): By 2015, facilitate a five-fold expansion of the number of
distributed wind turbines deployed in the U.S. market from a 2007 baseline (2,400 units); and

= Technology Application:

e By 2010, facilitate the installation of at least 100 MW in at least 30 States, from a baseline of 8
States in 2002; and

e By 2018, facilitate the installation of at least 1,000 MW in at least 15 States, from an estimated
baseline of 3 States in 2008.

Means and Strategies

The Wind Energy Program will use various means and strategies to achieve its GPRA Unit Program
goals as described below. “Means” include operational processes, resources, information, and the
development of technologies, and “strategies” include program, policy, management and legislative
initiatives and approaches. Various external factors, as listed below, may impact the ability to achieve
the program’s goals. Collaborations are integral to the planned investments, means and strategies, and
to addressing external factors. Beginning in FY 2009, the Wind Energy Program substantially increased
the portion of its activities accomplished via competitive funding opportunities for industry and National
Laboratories.

The Wind Energy Program will be implemented through the following means:

= In Low Wind Speed Technology (LWST), the program increasingly uses Cooperative Research and
Development Agreements (CRADAS) for large wind system technology. CRADASs allow
collaborative development activities, closely supported by laboratory-based research and testing, to
assist private organizations in expanding the applicability of wind technology into new, more

# Annual targets using Cost of Energy are tracked to a fixed technology baseline that reflects a set of standard financial and
technology assumptions for each technology (Land-based and Offshore wind technologies). Cost of energy targets differ
from actual market conditions, as baseline technology assumptions do not include such factors as the impact of the on and off
nature of the Production Tax Credit that leads to turbine demand spikes; changing financial variables; fluctuating commodity
prices and currency exchange rates; and changes in expected equipment life.
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effective and efficient generators. Laboratory-based Supporting Research and Testing (SR&T)
works to advance technologies that have shown potential to reduce the cost or improve the
performance and reliability of large utility-scale and distributed wind systems. Activities under this
area also address more basic technology assessments by identifying the underpinnings of new
applications for wind technology, such as offshore applications and wind/fuel-cell technology
development. These efforts also improve the basic understanding of wind phenomena such as
advanced blade aerodynamics and upper air resource assessment and modeling. Due to the different
financial and technical strengths of wind industry companies, the use of collaborative partnerships
will vary depending on specific needs and desired results. Some projects whose results will be made
public may require higher Federal cost-share while other technology development will rely on strong
industry support. Through the collaboration with governmental and industry partners, combined
with laboratory-based research, the program will assess the market for a U.S. based offshore wind
industry during a program review in FY 20009.

= Distributed Wind Technology (DWT) has been conducting an independent testing and certification
effort since FY 2008. This activity will help the small wind industry build credibility, increase
consumer confidence in small wind turbines, and stabilize the market. For more than a decade,
DWT focused on projects in partnership with industry to develop innovative concepts, components,
and prototypes primarily for residential, farm, and industrial applications. The targeted turbine size
is 100kW or less. In order to fully explore the potential of distributed wind, there is a need to
consider the market and technology for applications that require larger turbines. Market assessments
in recent years suggest that there is a significant market for mid-size turbines in the range of 200kW
to 500kW for industrial operations, farms, and public facilities. However, the lack of economically
viable products for this segment has not been addressed by the current market, which is dominated
by utility-scale turbines. In addition to supporting technology development and market adoption for
small turbines, the program will continue to explore the potential of larger turbines for distributed
applications and will structure its activities accordingly in FY 2010 and beyond.

= The Systems Integration key activity will expand on all areas to address the technical barriers to
integrating increasing amounts of wind energy into our Nation’s generation mix. The subprogram
will expand and refine data sets of wind resource potential throughout the country, as well as at
resolutions needed for utility planning and operations. To aid the electricity planning community,
the program will provide the capability for state-of-the-art representations of renewable energy
development potential in support of the evolution of the Nation’s electric system. In support of
power system operations, this activity will acquire information on actual system performance
characteristics, develop system models for integrated resource planning activities, develop advanced
wind forecasting models and promote their use in utility control rooms. Support will be provided for
key regional planning efforts, such as Western Renewable Energy Zones, and for promoting
expansion of wind energy power systems capabilities via university programs.

= Dedicated outreach efforts will be funded through the Technology Acceptance key activity. The
Wind Energy Program supplies information on a range of wind energy technologies and related
issues to national, state, and local stakeholders, decision makers, and potential customers and
investors to ensure a transparent exchange of credible information. Started in FY 2007, this effort
will continue to expand regional relationships in FY 2010, as decision makers are increasingly
looking to regional approaches to energy resource and planning. This is especially true in the
electricity market where national policy has multi-state Regional Transmission Organizations.
Electricity generators no longer serve loads in a single State, but rather serve interconnected markets
that cross multiple political boundaries. Open and clear dialogue is necessary for making informed
and long-lasting energy and environmental decisions.
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The Wind Energy Program will implement the following strategies:

=  The Wind Energy Program will provide leadership to the wind industry and focus priorities on
removing the barriers to the use of wind energy technology. Additionally, the state of progress in
advanced wind energy technology R&D projects and the financial strength of an emerging utility
market for wind turbine systems are decreasing the level of government support needed for
technology development in large scale, land-based wind turbine systems in favor of targeted research
on components and others issues affecting technology reliability.

The program works with a number of other entities to accomplish its mission. For transmission, the
program works with the Office of Electricity Delivery and Energy Reliability (OE) and
transmission/distribution industry groups. To reduce barriers to wind energy deployment the program
works with the Federal Aviation Administration (FAA) and the Department of Defense on radar and
other military issues affected by wind turbines. Environmental siting issues are worked with wind
energy stakeholder groups and industry representatives. For offshore wind rules and regulations, the
program works with the Department of the Interior’s Minerals Management Service (DOl MMS).
Cooperative R&D is performed with the IEA, academia, and the National Laboratories. In carrying out
the program’s mission, the Wind Energy Program collaborates in several important activities, including:

= Program activities dependent upon outputs from academia, manufacturers, developers, and National
Laboratories (e.g., the Offshore Wind Collaborative, a joint Federal/State/industry/academia
collaboration to address barriers to U.S. offshore wind development);

= Research plans and priorities, as set forth in the “20% Wind Energy by 2030 report cooperatively
prepared by DOE, NREL, and the American Wind Energy Association (AWEA);

= |nterconnection policy and R&D issues on electricity transmission and distribution with Federal,
state, and regional oversight bodies and the utility industry;

= Coordination with the DOE’s OE on transmission-related issues;

= Research and coordination with the FAA and other defense and civilian agencies on radar and other
military issues affected by wind turbines;

= Regulation of offshore wind energy with the DOl MMS;

= Industry and R&D directions for the production of hydrogen for energy use, and for other non-
energy Uses;

= Cooperative research and development with the IEA; and

= Peer review of the Wind Energy Program’s overall strategies and its activities by academia, industry
representatives, National Laboratories, and independent experts.

Validation and Verification

To validate and verify program performance, the Wind Energy Program will conduct internal and
external reviews and audits, as well as continue to conduct and build upon the transparent oversight and
performance management initiated by Congress and Administration. The table below summarizes
validation and verification activities.

Data Sources:  DOE Report “20% Wind Energy by 2030,” May 2008. “Musial, W.D.; Butterfield,
S.; Laxson, A.; Heimiller, D.; Ram, B — “Large-Scale Offshore Wind Power in the
United States: Assessment of Opportunities and Barriers,” NREL Report #TP-
50040745, November 2007. “Distributed Wind Market Applications,” Trudy
Forsyth and lan Baring-Gould, NREL Technical Report TP-500-39851, November
2007. “Low Wind Speed Technologies Annual Turbine Technology Update
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Baselines:

Frequency:
Data Storage:

(ATTU): Process for Land-Based Utility-based Technology,” NREL Report #TP-
50037505, June 2005. "Assessment of Potential Improvements in Large-Scale Low
Wind Speed Technology," J. Cohen, Proceedings of Global Wind Power 2004,
Chicago, Illinois, March 28-31, 2004, published by American Wind Energy
Association. “Low Wind Speed Turbine Technology Characterization,” Migliore
and Cohen, presented at Wind Power 2003; “Wind Energy Technology
Characterization, 1997,” published by EPRI. “Low Wind Speed Turbine
Technology Benefits,” internal analysis for the FY 2002 request, peer reviewed by
A.D. Little. FY 2001, FY 2002, FY 2003, FY 2004, FY 2005 and FY 2006 Wind
Energy Program Peer Reviews. American Wind Energy Association
(AWEA)/Global Energy Concepts Wind Plant Database, reviewed by EIA, contain
proprietary data. Various published and unpublished data on wind projects
economics. AWEA Small Wind Turbine Industry Roadmap.

Low Wind Speed Technology: $0.055/kWh in FYY 2002 for land-based applications
in Class 4 winds; $0.095/kWh in FY 2005 for shallow water offshore applications in
Class 6 winds. Distributed Wind Technology: 2400 turbines deployed in distributed
wind applications in 2007. Technology Application: Eight States in 2002 with at
least 100 MW wind installed, and 6 States in FY 2008 with at least 1000 MW
installed.

Annual.
Web, paper publications and on-line storage.
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Annual Performance Results and Targets

FY 2005 Results

FY 2006 Results

FY 2007 Results

FY 2008 Targets

FY 2009 Targets

FY 2010 Targets

GPRA Unit Program Goal 1.1.04.00 (Wind Energy)
Technology Viability/Low Wind Speed Technology

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.

[MET]

Annual COE Target:

4.2 cents per KkWh in onshore
Class 4 winds;

9.3 cents per kWh for offshore
systems in Class 6 winds.
[MET]

Technology Viability/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.
[MET]

Technology Application

32 States with over 20 MW
installed; 15 States with over
100 MW installed.
[PARTIALLY MET]

COE Target: 11-16 cents per
kWh in Class 3 winds.

[MET]

19 States with over 100 MW
wind installed.

[PARTIALLY MET]

Energy Efficiency and Renewable Energy/

Wind Energy

Annual COE target:

4.1 cents per kWh in onshore
Class 4 winds;

9.25 cents per kWh for shallow
water offshore systems in Class
6 winds. [MET]

COE Target: 10-15 cents
per kWh in Class 3
winds. [Met]

New effort: Distributed
Wind (DW): 2400 units
of distributed wind
turbines in market.
[baseline] [MET]

20 States with over 100 MW
wind installed. [PARTIALLY
MET]

4.0 cents per kWh modeled cost
of wind power in land-based
Class 4 wind speed areas (i.e.,
13 mph annual average wind
speed at 33 feet above ground).
[NOT MET 4.05 cents per
kwh]

9.2 cents per kWh modeled cost
of wind power in Class 6 wind
speed areas (i.e., 15 mph annual
average wind speed at 33 feet
above ground) for shallow
offshore systems. [MET]

500 new units of
distributed wind turbines
deployed in market).
[MET]

22 States with at least 100
megawatts (MW) of wind
power capacity installed).
[MET]
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3.9 cents per kWh modeled cost
of wind power in land-based
Class 4 wind speed areas (i.e.,
13 mph annual average wind
speed at 33 feet above ground).

9.15 cents per kWh modeled
cost of wind power in Class 6
wind speed areas (i.e., 15 mph
annual average wind speed at
33 feet above ground) for
shallow offshore systems.

600 new units of distributed
wind turbines deployed in
market.

27 States with at least 100
megawatts (MW) of wind
power capacity installed, and 4
States with over 1,000 MW
wind power capacity installed.

3.8 cents per kWh modeled cost
of wind power in land-based
Class 4 wind speed areas (i.e.,
13 mph annual average wind
speed at 33 feet above ground).

9.10 cents per kWh modeled
cost of wind power in Class 6
wind speed areas (i.e., 15 mph
annual average wind speed at
33 feet above ground) for
shallow offshore systems.

800 new units of distributed
wind turbines deployed in
market.

30 States with at least 100
megawatts (MW) of wind
power capacity installed, and 7
States with over 1,000 MW
wind power capacity installed.
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FY 2005 Results FY 2006 Results FY 2007 Results FY 2008 Targets FY 2009 Targets FY 2010 Targets
Contribute proportionately to Maintain total administrative Maintain total administrative Maintain administrative costs Maintain administrative costs Maintain administrative costs
EERE’s corporate goal of overhead costs (defined as overhead costs (defined as as a percent of total program as a percent of total program as a percent of total program
reducing corporate and program  Program Direction and Program  Program Direction and Program ~ Costs less than 12 percent. costs less than 12 percent. costs less than 12 percent.®

adjusted uncosted obligated

Support excluding earmarks) in

Support excluding earmarks) in ~ [MET]

balances to a range of 20-25

relation to total program costs

relation to total program costs

percent by reducing program

of less than 12 percent. [MET]

of less than 12 percent. [MET]

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. [MET

& Administrative costs are comprised of Program Direction and elements of Program Support (Technology Advancement and Outreach; and Planning, Analysis and
Evaluation), baseline and targets under development.
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Technology Viability
Funding Schedule by Activity

(dollars in thousands)

FY 2008 FY 2009 FY 2010
Technology Viability
Low Wind Speed Technology (LWST - Large Systems) 5,812 4,522 15,257
Distributed Wind Technology (DWT - Small Systems) 3,818 3,495 5,907
Supporting Research and Testing (SR&T) 16,831 23,353 23,353
SBIR/STTR -2 630 923
Total, Technology Viability 26,461 32,000 45,440

Description

Technology Viability activities advance wind turbine components and systems through targeted
public/private collaborative R&D and Cooperative Research and Development Agreements (CRADAS),
and by research and testing that bring specialized technical expertise, comprehensive design and analysis
tools, and unique testing facilities to address market barriers to wind technology.

Technology Viability key activities focus on research, development and testing for improving
performance, cost effectiveness and reliability of large and distributed wind energy systems, which are
primary barriers to wind energy’s viability. Achieving these goals will help wind energy expand more
widely and rapidly in energy markets. The focus of the Low Wind Speed Technology (LWST) activity
is to improve the cost and performance of land-based and offshore wind turbines. Developing U.S.
coastal waters show promise for longer-term growth, and as a hedge against transmission bottlenecks
that may limit land-based wind development in eastern regions. The focus of Distributed Wind
Technology (DWT) is to expand the market for distributed wind technologies five-fold from 2007, the
baseline year.

The following table provides expected annual indicators of progress for the LWST and DWT:

(fiscal year)

02 |03 |04 |05 | 06 07 08 09 10 11 12 13 14 15

Low Wind Speed Technology — Land-based (Modeled cost of energy in Class 4 in cents/kWh)

Target 55 5 46 43 42 41 4 3.9 3.8 3.7 3.6 - - -
Actual 55 5 44 43 39 38 405 - - - - - - -
Low Wind Speed Technology —Shallow Offshore Wind Systems (Modeled cost of energy in Class 6 in cents/kWh)

Target - - - 95 93 925 92 9.15 9.1 8.9 8.3 7.6 7.0 -

Actual - - - 95 93 925 92 - - - - - - -

8 SBIR/STTR funding was transferred to the Science Appropriation in FY 2008.
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(fiscal year)

02 | 03 | 04| 05| 06 07 08 09 10 11 12 13 14 15

16

Distributed Wind Technology — (Class 3 in cents/kWh for historical program activity)

Target 17- 14- 13- 12- 11- 10- ~ o B _ ~ B B
22 20 19 18 16 15
Actual 17- 14- 13- 12- 11 9.9-

22 20 19 18 115 107

Distributed Wind Technology: new distributed wind turbines deployed in market (new effort since FY 2008)

Target - - - 500 600 800 1,000 1,200 1,400 1,700 2,200

Actual - - - - - - 763 _ _ _ _ _ _ _

The Wind Energy Program developed a methodology for measuring and tracking program performance.
Levelized cost of energy (LCOE), in constant dollars, is the primary performance indicator for the
LWST effort for land-based and offshore wind technology. Achieving the planned LCOE target will be
possible through the technology improvement opportunities being addressed by the large turbine R&D
portfolio. Cost of energy estimates for full-scale prototypes are based on industry experience in
maturation of technologies and manufacturing processes. Determining the LCOE impact of
improvements in individual components and subsystems are based on comparisons against a baseline
turbine composite with a well-understood cost of energy. Using a peer-reviewed process, the impact of
technology improvements is assessed each year. Forecasts of LCOE impact are based on progress of
existing subcontracts and the results of research efforts at the time of the assessment, thereby allowing a
clear picture of the impact of improvements against the overall goals and objectives.

The program will also assess the number of distributed wind turbines deployed each year. While
deployment levels are impacted by many outside factors (Federal tax incentives, state renewable
portfolio standards, and other factors listed under “Means and Strategies” above), this metric may be
used to quantify the program’s success in the removal of technology, market, and implementation
barriers for distributed wind technologies.

The Wind Energy Program continually assesses and draws from feedback, new information and
advances among science, research, technologies and key market elements to accelerate the benefits of
technology development and adoption.

Benefits

The Wind Energy Program accomplishes its activities through partnerships using competitive funding
opportunities or CRADAs. The LWST activity is aimed at improving the reliability and affordability of
utility scale wind turbine systems. Laboratory-based Supporting Research and Testing (SR&T) works to
advance technologies that have shown potential to reduce the cost or improve the performance,
reliability, and manufacturability of large utility-scale and distributed wind systems.

Through independent testing and certification, the DWT activity helps the small wind industry build
credibility, increase consumer confidence in small wind turbines, and stabilize the market. Although the
program has focused mainly on turbines up to 100kW in size, research suggests that there is a significant

market for mid-size turbines in the range of 200kW to 500kW for industrial operations, farms, and
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public facilities®. In addition to supporting technology development and market adoption for small
turbines, the program will continue to explore the potential of larger turbines for distributed applications
and will structure its activities accordingly.

Detailed Justification

(dollars in thousands)

FY 2008 FY 2009 FY 2010

Low Wind Speed Technology (LWST - Large
Systems) 5,812 4,522 15,257

The LWST activity supports public/private partnerships, CRADAs, and specific National Laboratory
research, analysis, and testing for large wind system technology pathways (turbines over 100kW) to
achieve the following goals:

= $0.036/kWh for land-based systems in Class 4 winds by 2012; and
= $0.07/kWh for shallow water offshore systems in Class 6 winds by 2014,

For land-based systems, public/private partnerships and CRADAs catalyze industry adoption of
technology developments and emerging innovation, in collaboration with National Laboratory
expertise. A series of two LWST competitive solicitations were conducted to promote land-based wind
technology development. Phase | (FY 2002) and Phase Il (FY 2004) were cost-shared industry
partnerships and concentrated on three technical areas: 1) conceptual design studies; 2) component
development and testing; and 3) full turbine prototype development and testing. CRADAS continue to
be used to forge industry partnerships aimed at component improvements to existing large wind turbine
designs.

Through FY 2009, the program applied limited resources to offshore wind technology research to
analyze the potential of offshore wind energy development. Activities, including technology
assessment, deployment and outreach, and international collaboration and standards, will obtain and
evaluate the information needed to allow the development of a programmatic strategy for future
offshore wind technology development. In addition, the Wind Energy Program will participate in a
limited manner to explore initial deployment issues for offshore wind turbines in the U.S., including
assessing environmental conditions and working with the DOI’s MMS to develop offshore regulatory
policy in accordance with Section 321 of EPAct 2005, Alternate Energy-Related Uses on the Outer
Continental Shelf. These activities will allow the program to determine whether there are any
significant market and governmental constraints to offshore wind technologies.

If expanded, initial DOE investments in offshore wind are likely to consist of phased solicitations to
facilitate development of offshore technology and build on the success of the program’s partnering
strategy.

FY 2010 activities will focus on: 1) conducting initial investments in offshore wind technology
development; and 2) supporting development of turbine technology aimed at reducing Operations and
Maintenance costs and expanding reliability of existing systems.

a"An Analysis of the Technical and Economic Potential for Mid-Scale Distributed Wind," Subcontract Report NREL/SR-
500-44280, December 2008, http://www.nrel.gov/docs/fy09osti/44280.pdf
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(dollars in thousands)

FY 2008 FY 2009 FY 2010

Distributed Wind Technology 3,818 3,495 5,907

DWT will support independent testing and certification efforts for small wind turbines. A concerted
effort will be made to transfer technical expertise from NREL and assist state energy offices and other
interested parties to develop regional testing capabilities across the U.S. In FY 2010, the program will
begin an activity to support technology development for mid-size turbines. Manufacturers that have
potential to succeed in this market segment tend to be small and undercapitalized companies that do not
have the means to invest in high risk R&D.

Supporting research and testing is an integral part of the DWT effort. It includes a variety of
supporting activities. Design review and analysis activities assist project partners on technical, market
and cost challenges. Basic research activities are conducted to evaluate turbine aero acoustics, new
materials for blades, and innovative power electronics components such as inverters and controllers.
Some distributed wind turbine systems or components will be field or laboratory tested at the National
Wind Technology Center (NWTC), to assess loads, power, acoustic emission, power quality, and
other performance parameters.

FY 2010 activities will include: 1) continued independent, laboratory field testing of distributed
turbines; 2) technical assistance for small wind certification and creation of regional testing
capabilities; 3) collaboration with turbine manufacturers to develop a mid-size turbine prototype or
value engineered unit; and 4) continuation of efforts to evaluate technologies for small-scale turbines.

Supporting Research and Testing (SR&T) 16,831 23,353 23,353

In support of achieving cost of energy goals, NREL and Sandia National Laboratory (SNL) provide
targeted research and testing to improve the reliability, efficiency, and performance of wind turbines.
Activities are continuously coordinated with industry and other research institutions to facilitate
technology transfer and transition of designs and component improvements into full systems. Large
turbine projects are periodically reviewed against analytically established performance measures to
provide the basis for funding and planning adjustments needed to optimize the portfolio for success.

Through the National Laboratories, specialized technical expertise, comprehensive design and analysis
tools, and the unique testing facilities are brought to bear on problems that industry is or will encounter
in bringing new turbine technology to the marketplace. This technical support is essential to the
public/private partnerships and collaboratives, and engages the capabilities of the National
Laboratories, universities and other technical support available in private industry.

= Advanced Rotor Development — The blades of a wind turbine control the energy capture and almost
all the loads, and are therefore a primary target of research efforts. The challenge is to create the
scientific knowledge base and engineering tools to enable designers to achieve optimum
performance at the lowest possible cost by using new materials, advanced control techniques,
improved manufacturing processes, and enhanced design tools. Rotor development work will assist
the industry in meeting its cost goals by increasing rotors’ swept areas to enable use in previously
uneconomic wind regimes. Advanced rotor development will be done in blade development,
aerodynamic code development and validation, aeroacoustics research and testing, and systems and
controls.

= Site Specific Design - Future wind energy installations will be in areas of significantly different
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(dollars in thousands)

FY 2008 FY 2009 FY 2010

wind resource potential and terrain roughness. The benefits of designing large installations (100
MW or more) for specific site conditions are substantial. The nature of atmospheric loading at
increasing heights will be assessed and documented. Blade designs, including aerodynamic
geometry, controls, and structural details, consider energy capture requirements and durability
suitable for low-energy lightly-loaded sites, i.e., sites without gusty and strong winds. Site specific
design covers the development of systematic methods for specifying site energy, load conditions,
and turbine inflow characterization.

Generator, Drivetrain, and Power Electronics - The generator, gearbox, and power converter
represent roughly 25 percent of the installed capital cost of a modern wind turbine. The drivetrain
is becoming a primary factor in machine design because its weight and size affect other wind
turbine configuration and erection factors, such as tower size and crane rating. Variable-speed wind
turbine designs are dependent on the efficiency and mode of operation of the power converter that
changes variable-frequency AC from the generator to fixed-frequency AC conditioned for injection
into the electrical grid. Conversion efficiency is a critical factor. Future designs of generators and
power converters must be specialized and tailored for wind turbines as wind turbines operate at less
than rated power. Permanent magnet generators that allow lighter generator rotor designs and have

lower losses will play a role, as will power converters and generators that allow variable-speed
operation and have higher efficiencies below rated power. Reliability will be an issue because the
generator and power converter are key points of system failure. Public/private partnerships to
explore areas that will contribute to improvements in converter and generator designs, focusing on
generator and converter architecture, controls, and reliability will be examined. As the Wind
Energy Program develops new technology through industry collaboration, it will also provide
oversight and technical support. Design review and analysis provides a means by which NREL and
SNL can provide specialized expertise for industry-led activities. It also supports the proposal or
CRADA evaluation process. This support and oversight will assist industry, protect the taxpayer’s
investment in these partnerships, and enhance their chance of success.

The NWTC has unique facilities developed to provide the testing capabilities needed to achieve large
turbine cost goals. Testing is conducted on full-scale turbine systems installed in the field and on
turbine components and subsystems. Component testing utilizes the NWTC’s specialized blade and
dynamometer test facilities. These tests support certification and technology characterization. Field
testing of turbine loads, power performance, power quality, and acoustic emissions are conducted in
accordance with standards developed under the International Electrotechnical Commission (IEC) and
the American Association of Laboratory Accreditation.

As described above, computer modeling and dynamic simulations are important elements of DOE’s
support of industry turbine development. Validating and improving these models is difficult because
the models cannot always simulate true inflow, turbine response, or control performance. To fill this
gap, extensive and detailed field and laboratory testing is necessary. The data are used to optimize
turbine configurations and LCOE, e.g. by improving control algorithms and simulation codes from
which the turbines were designed. Three primary types of testing are conducted through the DOE
program, structural testing, dynamometer testing, and field testing.

Performance for R&D activities is measured using analytically-established targets linking contributions
from each activity to meeting program goals. Outputs of this activity include periodic design reviews
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(dollars in thousands)

FY 2008 FY 2009 FY 2010

and results of tests at industry and laboratory locations.

In FY 2010, the program expects to achieve the following milestones for this key activity: 1) startup of
utility scale turbine at the NWTC for field testing of control logic enhancements; and 2) perform
detailed testing and analysis of drive train and blade performance and reliability using NWTC testing
facilities.

SBIR/STTR 0 630 923

In FY 2008, $456,000 and $55,000 were transferred to the SBIR and STTR programs respectively. The
FY 2009 and 2010 amounts shown are estimated requirements of the continuation of the SBIR and
STTR program.

Total, Technology Viability 26,461 32,000 45,440
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Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)

Low Wind Speed Technology (LWST - Large Systems)

This increase is for new investments in offshore wind activities following a program

strategy to be developed in FY 2009. Efforts will be aimed at characterizing the

offshore wind resource and identifying offshore wind turbine design requirements,

which may be vastly different than the design requirements for land-based wind

turbines. Partnerships and solicitations will be used to accelerate the development of

offshore wind technology in the U.S. Funds will also be used to support competitively

selected technology development projects from a FY 2009 funding opportunity

announcement (FOA). These projects are aimed at improving the reliability and cost

effectiveness of land-based wind turbine systems. +10,735

Distributed Wind Technology

The increase is for a new collaborative effort to support American manufacturers to
develop capabilities to produce a mid-size turbine prototype or value engineered unit;
based on a market assessment to be completed by the program in FY 2009. +2,412

Supporting Research and Testing (SR&T)
No change +0

SBIR/STTR

Changes in the SBIR/STTR funding are a direct result of changes in the funding of
program activities. +293

Total Funding Change, Technology Viability +13,440
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Technology Application
Funding Schedule by Activity

dollars in thousands

FY 2008 FY 2009 FY 2010
Technology Application
Systems Integration 15,709 16,000 18,430
Technology Acceptance 6,864 7,000 11,130
Total, Technology Application 22,573 23,000 29,560

Description

The Technology Application subprogram addresses opportunities and barriers, other than the turbine
cost of energy, concerning use of wind energy systems. Efforts managed in this area of the program
help to prepare and accelerate the market adoption of wind technologies.

Through one of its key activities, Technology Acceptance, Technology Application focuses on resolving
institutional issues, providing State and regional energy sector outreach, and investigating and mitigating
social, environmental and wildlife issues associated with wind energy development. The second key
activity, Systems Integration, focuses on anticipating and overcoming operational issues associated with
interconnecting greater amounts of wind energy and other renewables on the electricity system.

Technology Application helps the program achieve its mission by focusing on the cost barriers other
than generator technology that enhance or impede wind energy use in the U.S. Helping stakeholders and
officials understand wind energy technologies and how wind can be integrated into their State energy
systems will reduce institutional and regulatory barriers, helping wind contribute energy in a competitive

wholesale electric market.

The following table provides expected annual indicators of progress for Technology Application:

(fiscal year)

08 09 10 11 12 13 14 15 16 17 18
Technology Application - # of States with over 100 MW installed
Target 22 27 30 - — - - - - — —
Actual 19 - - - - - - - - - -
Technology Application - # of States with over 1000 MW wind installed
Target 4 6 6 7 8 9 10 12 13 15
Actual - - - - - - - - - -

Technology Acceptance is used as a way to measure the success of the Wind Energy Program’s outreach
activities. Reaching 100 MW installed capacity threshold has been used an important indicator that
wind is being accepted as a large-scale generating option by the State’s utilities, regulators and
investors. As the scale of penetration increases, a 1,000 MW state goal has been added. Activities
conducted under the Technology Application subprogram will contribute to this new goal, as large scale
integration studies are necessary and complementary to outreach activities in order to enable such large

penetration of wind energy in States and regions.
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The Wind Energy Program continually assesses and draws from feedback, new information and
advances among science, research, technologies and key market elements to accelerate the benefits of
technology development and adoption.

Benefits

The Systems Integration activity will address the technical barriers of integrating increasing amounts of
wind energy in the Nation’s energy generation mix. In support of utility power system operations and
planning needs, this activity will expand and refine datasets of wind resource potential, acquire
information on actual system performance characteristics, develop system models for integrated
resource planning activities, develop advanced wind forecasting models, and promote their use in utility
control rooms.

Dedicated outreach efforts will be completed by the Technology Acceptance key activity. Laboratory
and contract staff supply information on a range of wind energy technologies and related issues to
national, state, and local stakeholders, decision makers, and potential customers and investors for a
transparent exchange of credible information.
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Detailed Justification

(dollars in thousands)

FY 2008 FY 2009 FY 2010

Systems Integration 15,709 16,000 18,430

Systems Integration addresses technical barriers to interconnecting large amounts of wind energy into
the Nation’s electric grid and supporting operational evaluations. In FY 2010 the activity will continue
to provide more detailed technical information requested by the electric power industry to make
informed decisions about wind energy. Coordination with DOE’s Office of Electricity Delivery and
Energy Reliability (OE) will continue on grid interconnection related to wind energy.

Meso-scale modeling of the wind resource in areas around the country with high levels of potential will
continue, and will improve understanding and analysis of the wind characteristics in areas where wind
energy projects are established or are being planned. The data collected through this activity will be
compiled in a comprehensive national database of wind energy siting and development information,
and will be used to support utility analysis of wind energy integration and regional wind penetration
scenarios. Advanced wind energy forecasting models and applications will be validated in utility
control room operation for effectiveness in mitigating wind energy ancillary service costs.

Development and validation of wind energy system models for incorporation into utility operations and
planning tools will continue, along with broad based technical outreach activities to promote
understanding and adoption by utilities, regional transmission authorities, system operators, and system
reliability organizations.

Wind energy technical interconnection support will be provided to assist implementation of results
from three regional high renewable penetration operational and transmission studies, to allow utility
planning efforts to proceed for commercially viable large-scale wind energy development identified
through the collaborative studies. Implementation action will also be coordinated with key electric
power market development activities, including designation of regional renewable energy development
zones.

Technology Acceptance 6,864 7,000 11,130

Technology Acceptance focuses on outreach activities to overcome market and regulatory barriers at
the national, state, and local levels that are essential to making progress towards significant increases in
wind energy use. Within Technology Acceptance, Wind Powering America is aimed at facilitating the
deployment of wind technology to increase the use of wind energy in the U.S.; bringing economic and
environmental benefits to the country; and stimulating sustainable tribal and rural-based 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 public stakeholder groups to provide technical
support, guidance, and information on national, regional, state, and local efforts to explore and develop
wind energy resources, both on land and offshore. 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.

FY 2010 activities will continue to emphasize efforts to assess and mitigate effects of wind turbines on
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(dollars in thousands)

FY 2008 FY 2009 FY 2010

Federal mission areas and the environment. These efforts include working with all stakeholders to
address the following specific barriers: direct and indirect Federal mission area, wildlife, and other
environmental risks associated with wind technology and projects; lack of government consensus on
regulatory or process requirements necessary to protect Federal mission areas and reduce these risks;
lack of tools for industry to assess and mitigate Federal mission area, wildlife, and other environmental
risks from wind; and public perception that the environmental risks associated with wind power
outweigh its benefits. Many of these efforts will be applicable to local and regional siting and
permitting proceedings.

FY 2010 activities will also continue to focus on enhancing the program’s regional wind support effort.
Since many benefits and challenges associated with wind energy are not limited by state borders,
developing regional collaborations allows many organizations to more effectively address common
issues. Support will continue to be provided for development of regional wind institutes; existing and
emerging state wind working groups; Tribal wind technical assistance on wind resources and project
planning, in coordination with financial assistance provided through the EERE’s Tribal Energy
program activity; partnership activities with national agriculture-sector organizations; collaboration
with public power organizations; and community and rural schools projects by expanding activity over
regions of the country with similar issues. Distributed wind system support activities, such as working
with state regulators, small wind stakeholders, and the agricultural sector on market acceptance issues
specific to distributed wind technologies will also continue. In addition, the program will continue to
assess and mitigate effects of wind turbines on the environment. These efforts will address barriers by
funding collaborative research activities; working with the DOI to revise siting guidelines; supporting
mitigation research; and producing technical and outreach materials on ways to develop wind in an
environmentally sensitive manner. The FY 2010 performance target for this activity is 30 States with
over 100 MW, and 6 States with over 1,000 MW wind installed.

Total, Technology Application 22,573 23,000 29,560
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Explanation of Funding Changes

FY 2010 vs.
FY 2009
($000)
Systems Integration
Increase expands support to electric utility sector organizations for study, application,
and coordination actions needed for increased wind energy penetration, as well as
support to six National Laboratories contributing to wind energy integration methods
development and application assistance. +2,430
Technology Acceptance
Increased funding will be used to address barriers to wind energy deployment. A
mitigation toolbox will be further developed to allow industry to address the impact of
wind turbines on radar. Support to state wind working groups will be expanded,
especially in areas of education and workforce development. Funds will also be used to
support competitively selected technology acceptance projects from a FY 2009
competitive FOA. +4,130
Total Funding Change, Technology Application +6,560
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Geothermal Technology
Funding Profile by Subprogram

(dollars in thousands)

FY 2009
FY 2008 Current | FY 2009 Original Additional FY 2010
Appropriation® Appropriation Appropriation Request
Geothermal Technology
Enhanced Geothermal Systems 19,307 44,000 - 50,000
Non-EGS 0 0 - 0
Oil and Gas Well Co-Production
and Resource Assessment 0 0 - 0
Total, Geothermal Technology 19,307 44,000 400,000 50,000

Public Law Authorizations:

P.L. 93-410, “Geothermal Energy Research, Development, and Demonstration Act of 1976” (1976)

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

P.L. 95-618, “Energy Tax Act of 1978” (1978)

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

P.L. 101-218, “Renewable Energy and Energy Efficiency Technology Competitiveness Act of 1989” (1989)
P.L. 101-575, “Solar, Wind, Waste, and Geothermal Power Production Incentives Act of 1990 (1990)

P.L. 102-486, “Energy Policy Act of 1992” (1992)

P.L. 109-58, “Energy Policy Act of 2005 (2005)

P.L. 110-140, “Energy Independence and Security Act of 2007” (2007)

Mission

The mission of the Geothermal Technology Program (GTP) is to conduct research, development, and
demonstration to establish Enhanced Geothermal Systems (EGS) as a major contributor for baseload
electricity generation.

Benefits

Accomplishing the mission will benefit the supply side of DOE’s energy security equation by
accelerating the arrival and use of new fuels and technologies. GTP’s mission and activities directly
support DOE’s mission to promote scientific and technological innovation in support of advancing the
national, economic and energy security of the U.S. A DOE-sponsored analysis® published in January
2007 by an MIT-led panel shows the potential for Enhanced (or engineered) Geothermal Systems to
contribute 100,000 MW to the U.S. energy supply by 2050. Ultimately, commercial EGS could provide
significant amounts of clean baseload domestic power and contribute to the security and diversity of
U.S. energy supplies. A core of research projects will be performed through cost-shared awards to
private companies and academic institutions via competitive solicitations. National Laboratories with
unique expertise in the subject areas will conduct the balance of the competitively-selected research

8 SBIR/STTR funding was transferred to the Science Appropriation in FY 2008, which includes a reduction of $456,000 that
was transferred to the SBIR program and $55,000 that was transferred to the STTR program.

® The Future of Geothermal Energy: Impact of Enhanced Geothermal Systems (EGS) on the United States in the 21
Century, Massachusetts Institute of Technology, 2006. http://geothermal.inel.gov
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projects. Field demonstrations with private companies and academic institutions via competitive
solicitations will validate the commercialization potential of EGS.

When implemented, EGS will avoid greenhouse gas (GHG) emissions. Typical EGS power plants will
use more advanced closed loop conversion systems that will not add CO,, NOy, or other greenhouse
gases to the atmosphere. Expected program outcomes include demonstrating the ability to create an
EGS reservoir capable of producing 5MW by 2015. This system demonstration should foster rapid
growth in the use of geothermal energy in the outyears as predicted by the MIT study. Today, grid-
connected high temperature hydrothermal systems are well established. In the midterm, next generation
geothermal plants using engineered geothermal systems technology could come online, greatly
expanding the utilization of the U.S.” geothermal resources. In the long term, EGS could be a major
source of baseload electricity for large regions.

Under Strategic Theme 1 (Energy Security), Strategic Goal 1.1. (Energy Diversity), geothermal
technology increases energy options and reduces dependence on oil, thereby reducing vulnerability to
disruptions and increasing the flexibility of the market to meet U.S. needs. Geothermal technology also
supports the reduction of GHG emissions.

The Geothermal Program pursues its mission primarily through the set of integrated activities proposed
in this budget that are designed to increase the use of domestic renewable electricity technologies.
These improvements will continue to provide concomitant economic, environmental and security
benefits. It is expected that the most significant benefit will be a reduction of CO, emissions and a
reduction in natural gas imports.

Climate Change

A geothermal power plant emits 35 times less carbon dioxide than the average U.S. coal power plant per
kilowatt of electricity produced resulting in significantly reduced GHG emissions. CO, emissions
reductions are estimated to increase from 2 million mt CO, in 2015 to more than 6 gigatons of CO; in
2050.

Economic Impact

= Cumulative consumer savings are estimated to reach $20 billion by 2030.
= Electric power industry savings are expected to be an additional $4 billion over the same period.

The proposed FY 2010 budget investments complement funds provided by the Recovery Act that
support the acceleration of cost-shared EGS field demonstrations and the development of advanced
technology to address key aspects of engineered reservoir creation, management, and utilization.
Investments on advanced EGS technology and industry coupled drilling will also continue. To enable
decision makers and the public to follow performance and plans, the program will post its progress in
these planned activities at: http://www.energy.gov/recovery/index.htm.

The benefits tables below shows the estimated benefits from 2015 through 2050 that would result from
realization of the program’s goals. These benefits are achieved by targeted Federal investments in
technology research and development in partnership with the drilling and service industry, geothermal
energy developers, equipment suppliers, oil and gas production companies, other Federal agencies, State
government agencies, universities, National Laboratories, and other stakeholders. These partnerships
facilitate the technical coordination of activities and attract cost sharing to provide leveraged benefits.

The benefits estimates also reflect the increasing market share of advanced-technology Engineered
Geothermal Systems (EGS) and low-temperature power plants over time as their projected incremental
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cost relative to conventional base-load power plants declines. The expected benefits reflect solely the
achievement of the program’s goals. Not included are any policies, regulatory mechanisms, or other
incentives not already in existence that might be expected to support or accelerate the achievement of
the program goals. In addition, some technologies show diminishing annual benefits by 2050 due to the
assumption built into the analysis that industry progress, as reflected in the baseline, would eventually
catch up with the more accelerated progress associated with EERE program success.

The program goal case is modeled along with a “baseline” case in which no DOE R&D exists. The
baseline case is intended to represent the future without the effect of the Geothermal Program, and is
identical for all DOE applied energy R&D programs, thereby ensuring that all program benefits are
estimated using the same assumptions for external factors such as economic growth, energy prices, and
levels of energy demand. The expected outcome benefits are calculated using the same fundamental
methodology across EERE and across all of DOE’s applied energy R&D programs, and the metrics by
which expected outcome benefits are measured are identical. This standardization of method and
metrics has been undertaken as part of DOE’s efforts to make all program stated benefits comparable.

Prospective benefits are calculated as the arithmetic difference between the baseline case and the
program goal case, and the resulting economic, environmental and security benefits attributed to the
program’s activities. This approach of calculating the benefits as an incremental improvement to the
baseline helps ensure that improvements in geothermal technologies that would occur in the absence of
the program are not counted as part of the program’s benefits. In addition to technology and process
advances due to the program’s activities, energy market policies, such as state and Federal tax policies,
facilitate the development and deployment of clean energy technologies. The expected impacts of
current legislated policies in the baseline case are included so that the expected benefits calculated
reflect as much as possible the effects of activities funded by the program.

The benefits are generated by modeling both the program goal and baseline cases within two energy-
economy models: NEMS-GPRAL10 for benefits through 2030, and MARKAL-GPRA10 for benefits
through 2050. The full list of modeled benefits appears below.
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Primary Metrics for FY 2010 Budget Request
(Incorporates Approximate Impacts of EISA 2007)

Year
Metric* Model
2015 2020 2030 2050

Oil Imports Reduction, cumulative® (Bil|  NEMS ns ns ns N/A
)
E bbl) MARKAL ns ns ns ns
=
3 Natural Gas Imports Reduction, NEMS ns ns 15 N/A
g |cumulative (Tcf) MARKAL 0.0 0.1 0.2 9.3
5 Reduction in Share of Highway Fuel NEMS ns ns ns N/A

Demand Derived from Crude Oil® (%) MARKAL ns ns ns ns

CO, Emissions Reduction, cumulative NEMS ns 60 556 N/A
g |MitmtCo,) MARKAL 2 10 638 6817
E‘ ) 4 NEMS ns ns ns N/A
- SO, Allowance Price Reduction™ ($/ton)
*E MARKAL N/A N/A N/A N/A
E . . NEMS ns ns ns N/A
= NO, Allowance Price Reduction ($/ton)
.§ MARKAL N/A N/A N/A N/A
>
fq Hg Allowance Price Reduction (thousand NEMS ns ns ns N/A

$/Ib) MARKAL N/A N/A N/A N/A
- ) . NEMS ns 5 22 N/A
5 Consumer Savings, cumulative® (Bil $)
g MARKAL ns ns ns 20
=
- Electric Power Industry Savings, NEMS ns 1 4 N/A
g cumulative (Bil $) MARKAL ns ns ns ns
=
S Household Energy Expenditures NEMS ns ns ns N/A
= Reduction ($/household/yr) MARKAL ns ns ns ns

1. “Reductions” and “savings” are calculated as the difference between results from the baseline case (i.e. no DOE
technology) and the technology case (i.e. all DOE technology R&D programs are successful).

2. All cumulative metrics are based on results beginning in 2010.

3. Metric includes oil-derived fuel use by light-duty vehicles, commercial light trucks and freight trucks; the metric excludes
buses. Reported oil use is adjusted to exclude ethanol, biodiesel and CTL.

4. All monetary metrics are in 2006$.

5. Cumulative monetary metrics are in 2006$ that are discounted to 2010 using a 3% discount rate.

ns - Not significant

NA - Not yet available

N/A - Not applicable
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Secondary Metrics for FY 2010 Budget Request

(Incorporates Approximate Impacts of EISA 2007)

. Year
Metric Model
2015 2020 2030 2050
) ) NEMS ns ns ns N/A
> Oil Imports Reduction, annual (Mbpd)
= MARKAL ns ns ns ns
=
& |Natural Gas Imports Reduction, annual NEMS ns ns 0.1 N/A
g (T MARKAL 0.0 0.0 0.0 0.9
5 ) NEMS ns ns ns N/A
MPG Improvement” (%)
MARKAL ns ns ns 0%
CO, Intensity Reduction of US Economy NEMS ns ns ns N/A
§ (Kg CO2/$GDP) MARKAL ns ns ns 0.01
é }‘? CO, Intensity Reduction of US Power NEMS ns ns ns N/A
=
£ E [Sector’ (Kg CO2/kWh) MARKAL ns ns 0.03 0.10
>
5 CO, Intensity Reduction of US NEMS ns ns ns N/A
Transportation Sector? (Kg CO2/mile) MARKAL ns ns ns ns
_ . NEMS ns 2 4 N/A
Consumer Savings, annual’ (Bil $)
- MARKAL ns ns ns 17
§ Electric Power Industry Savings, annual NEMS ns 0 i N/A
% (Bil $) MARKAL ns ns ns ns
E Energy Intensity of US Economy NEMS ns ns ns N/A
£ |(energy/$GDP) MARKAL ns ns 0.05 0.08
=
Net Energy System Cost Reduction, NEMS N/A N/A N/A N/A
cumulative (Bil $) MARKAL 0 3 16 67

1. “Reductions” and “savings” are calculated as the di

losses.

traveled, excluding buses.

5. All monetary metrics are in 20063$.
ns - Not significant

NA - Not yet available

N/A - Not applicable

fference between results from the baseline case (i.e. no DOE
technology) and the technology case (i.e. all DOE technology R&D programs are successful).
2. Change in light duty vehicles miles traveled per gallon of oil, where oil is only that derived from petroleum.
3. Emissions include all power sector emissions. Generation calculated as total net generation adjusted for estimated T&D

4. Emissions calculated using highway fuel use and related carbon emission factor. Miles calculated as highway miles
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External factors impacting geothermal development include a precipitous decline in the equity market
that makes debt financing very difficult, loss of key investment banks, and fluctuations in the price of
basic materials for constructing wells and power plants. Reduced demand for drill rigs has resulted in
less wait time for rigs to drill geothermal wells. In addition, the following external factors could affect
the GTP’s ability to achieve its mission:

= Demand for electricity

=  Availability of conventional energy supplies

= Regulatory requirements

=  State Renewable Portfolio Standards (RPS)

=  Availability of prospective land for geothermal leasing

= Market incentives

=  Cost of competing technologies

= Federal tax incentives and implementation of other policies at the national level; and
=  Proximity of transmission grid and resolution of grid choke points.

Contribution to the Secretary’s Priorities

GTP contributes to several of the Secretary’s priorities as enumerated below. The principal focus areas
are:

Priority 2: Clean Energy — Change the landscape of energy demand and supply.

GTP coordinates with DOE’s Offices of Science and Fossil Energy, the Department of Interior, and
academic institutions to ensure that the program’s R&D work being conducted by National
Laboratories, universities, and industry partners remains at the cutting edge of scientific innovation.
Additionally, some of the program’s R&D work already involves direct interaction between these
partners.

Priority 3: Economic Prosperity — Create millions of green jobs and increase competitiveness

GTP coordinates with the U.S. Department of Education, DOE’s Office of Science, the U.S. geothermal
industry, and academic institutions on the development of curriculum and methods for the training and
long-term retention of the geothermal workforce

Priority 5: Lower GHG Emissions — Position U.S. to lead on climate change policy, technology, and
science

GTP coordinates with Iceland and Australia under the International Partnership on Geothermal
Technology and also coordinates with the U.S. State Department and Canadian and Mexican geothermal
organizations to establish research areas of mutual interest.
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Contribution to GPRA Unit Program Goal 1.1.05.00 (Geothermal Technology)

GTP’s key contribution to the GPRA Unit Program Goal is through diversification of the energy
portfolio and lowering of GHG emissions. GTP will provide the technology needed to create and
manage EGS that mine heat from rock and transport the heat to the surface for electricity generation.
EGS will create little to no GHG emissions, and ultimately, commercial EGS could provide significant
amounts of clean baseload domestic power and contribute to the security and diversity of U.S. energy
supplies.

Means and Strategies

GTP will use various means and strategies to achieve its GPRA unit program goals as described below.

“Means” include operational processes, resources, information, and the development of technologies,

and “strategies” include program, policy, management and legislative initiatives. However, various

external factors may impact the ability to achieve these goals. The program also performs collaborative

activities with industry and government agencies to help meet its goals.

GTP will implement the following means:

= To ensure the best value for the taxpayer dollar, a coherent core of research projects will be
performed through cost-shared awards to private companies and academic institutions selected via
competitive solicitations. National Laboratories having unique expertise in the subject areas will
conduct the balance of the research projects through competitive “lab calls”.

= To reduce or eliminate institutional, regulatory, and other non-technical barriers that hamper the
expanded use of geothermal energy in the U.S., the program will provide comprehensive and timely
information about geothermal resources and technology to interested stakeholders from the public
and private sector.

GTP will implement the following strategies:

= Conduct research on EGS-related technologies that have the greatest impacts on EGS reservoir
creation, operation, and management using laboratory facilities and 