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FUNDING BY APPROPRIATION

($K)
FY 2018 FY 2019 FY 2020 FY 2020 Request vs
Enacted Enacted Request FY 2019 Enacted
Department of Energy Budget by Appropriation $ | %
Energy and Water Development, and Related Agencies
Energy Programs
Energy Efficiency and Renewable Energy 2,321,778 2,379,000 343,000 -2,036,000 -85.6%
Electricity Delivery and Energy Reliability 261,329 0 0 0 N/A
Electricity 0 156,000 182,500 +26,500 +17.0%
Cybersecurity, Energy Security, and Emergency Response 0 120,000 156,500 +36,500 +30.4%
Nuclear Energy 1,205,056 1,326,090 824,000 -502,090 -37.9%
Fossil Energy Programs
Fossil Energy Research and Development 726,817 740,000 562,000 -178,000 -24.1%
Naval Petroleum and Oil Shale Reserves 4,900 10,000 14,000 +4,000 +40.0%
Strategic Petroleum Reserve 260,716 235,000 174,000 -61,000 -26.0%
Strategic Petroleum Account 8,400 10,000 27,000 +17,000 +170.0%
Northeast Home Heating Oil Reserve 6,500 10,000 0 -10,000 -100.0%
Total, Fossil Energy Programs 1,007,333 1,005,000 777,000 -228,000 -22.7%
Uranium Enrichment Decontamination and Decommissioning (D&D) Fund 840,000 841,129 715,112 -126,017 -15.0%
Energy Information Administration 125,000 125,000 118,000 -7,000 -5.6%
Non-Defense Environmental Cleanup 298,400 310,000 247,480 -62,520 -20.2%
Science 6,259,903 6,585,000 5,545,972 -1,039,028 -15.8%
Advanced Research Projects Agency - Energy 353,314 366,000 -287,000 -653,000 -178.4%
Nuclear Waste Disposal (26M in DNWF 050) 0 0 90,000 +90,000 N/A
Departmental Administration 189,652 165,858 117,545 -48,313 -29.1%
Indian Energy Policy and Programs 0 18,000 8,000 -10,000 -55.6%
Inspector General 49,000 51,330 54,215 +2,885 +5.6%
International Affairs 0 0 36,100 +36,100 N/A
Title 17 - Innovative Technology Loan Guarantee Program 30,892 13,000 -160,659 -173,659 -1,335.8%
Advanced Technology Vehicles Manufacturing Loan Program 5,000 5,000 0 -5,000 -100.0%
Tribal Energy Loan Guarantee Program 1,000 1,000 -8,500 -9,500 -950.0%
Total, Energy Programs 12,947,657 13,467,407 8,759,265 -4,708,142 -35.0%
Atomic Energy Defense Activities
National Nuclear Security Administration
Federal Salaries and Expenses 407,595 410,000 434,699 +24,699 +6.0%
Weapons Activities 10,642,138 11,100,000 12,408,603  +1,308,603 +11.8%
Defense Nuclear Nonproliferation 1,999,219 1,930,000 1,993,302 +63,302 +3.3%
Naval Reactors 1,620,000 1,788,618 1,648,396 -140,222 -7.8%
Total, National Nuclear Security Administration 14,668,952 15,228,618 16,485,000  +1,256,382 +8.3%
Environmental and Other Defense Activities
Defense Environmental Cleanup 5,988,048 6,024,000 5,506,501 -517,499 -8.6%
Other Defense Activities 840,000 860,292 1,035,339 +175,047 +20.3%
Defense Nuclear Waste Disposal (90M in 270 Energy) 0 0 26,000 +26,000 N/A
Total, Environmental and Other Defense Activities 6,828,048 6,884,292 6,567,840 -316,452 -4.6%
Total, Atomic Energy Defense Activities 21,497,000 22,112,910 23,052,840 +939,930 +4.3%
Power Marketing Administrations
Southeastern Power Administration 0 0 0 0 N/A
Southwestern Power Administration 11,400 10,400 10,400 0 N/A
Western Area Power Administration 93,372 89,372 89,196 -176 -0.2%
Falcon and Amistad Operating and Maintenance Fund 228 228 228 0 N/A
Colorado River Basins Power Marketing Fund -23,000 -23,000 -21,400 +1,600 +7.0%
Total, Power Marketing Administrations 82,000 77,000 78,424 +1,424 +1.8%
Federal Energy Regulatory Commission (FERC) 0 0 0 0 N/A
Subtotal, Energy and Water Development, and Related Agencies 34,526,657 35,657,317 31,890,529 -3,766,788 -10.6%
Excess Fees and Recoveries, FERC -9,000 -16,000 -16,000 0 N/A
Title XVII Loan Guarantee Program Section 1703 Negative Credit Subsidy Receipt 0 -107,000 -15,000 +92,000 +86.0%
Sale of Northeast Gas Reserve 0 0 -130,000 -130,000 N/A
Sale of Northeast Home Heating Oil Reserve 0 0 -27,000 -27,000 N/A
Total, Funding by Appropriation 34,517,657 35,534,317 31,702,529 -3,831,788 -10.8%
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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, [$2,379,000,000] $696,000,000, to remain available
until expended, of which $353,000,000 shall be derived from prior year unobligated balances previously appropriated under
this heading: Provided, That of [such amount] the amount made available under this heading in this Act, [$162,500,000]
$122,000,000 shall be available until September 30, [2020] 2021, for program direction. (Energy and Water Development and

Energy Efficiency and Renewable Energy
Proposed Appropriation Language

Related Agencies Appropriations Act, 2019.)
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93-275, “Federal Energy Administration Act” (1974)

93-410, “Geothermal Energy Research, Development, and Demonstration Act” (1974)
93-577, “Federal Non-Nuclear Energy Research and Development Act” (1974)

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

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

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

95-618, “Energy Tax Act” (1978)

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

95 620, “Power Plant and Industrial Fuel Use Act” (1978)

95-238, Title Ill — “Automotive Propulsion Research and Development Act” (1978)

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

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

100-357, “National Appliance Energy Conservation Amendments” (1988)

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

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

101-218, “Renewable Energy and Energy Efficiency Technology Competitiveness Act” (1989)

101-566, “Spark M. Matsunaga Hydrogen Research, Development, and Demonstration Act of 1990”

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

104-271, “Hydrogen Future Act of 1996”

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

109-58, “Energy Policy Act of 2005”

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

110-234, “The Food, Conservation, and Energy Act of 2008”

111-5, “American Recovery and Reinvestment Act of 2009”






Energy Efficiency and Renewable Energy

(SK)
FY 2018 FY 2019 FY 2020 FY 2020 Request vs
Enacted Enacted Request FY 2019 Enacted
2,321,778 | 2,379,000 | 343,000 | -2,036,000

Overview

American leadership in science and technology is critical to achieving national security, economic growth, and job creation.
American ingenuity combined with free-market capitalism have driven, and will continue to drive, tremendous
technological breakthroughs. American innovation and invention have fundamentally changed the course of human history,
improving the lives of millions of Americans and billions more the world over, making America the economic engine of
growth. In spurring future advances, Federal funding of research and development (R&D) programs and research
infrastructure plays a crucial supporting role.

The Office of Energy Efficiency and Renewable Energy (EERE) invests in research and development (R&D) as part of the
Department of Energy’s (DOE) broad portfolio approach to addressing our Nation’s energy and environmental challenges.
This Budget Request focuses DOE resources toward early-stage R&D and reflects an increased reliance on the private sector
to fund later-stage research, development, and commercialization of energy technologies. It emphasizes energy
technologies best positioned to support American energy independence and resilience in the near- to mid-term.

The FY 2020 Budget Request maintains America’s leadership in transformative science and emerging energy technologies in
sustainable transportation, renewable power, and energy efficiency. Knowledge generated by EERE early-stage R&D
enables U.S. industries, businesses, and entrepreneurs to develop and deploy innovative energy technologies and gives
them the competitive edge needed to excel in the rapidly changing global energy economy. There will also be an emphasis
to conduct research that can facilitate streamlining of siting and permitting of EERE technology deployment. Industry
deployment of these technologies creates jobs, reduces U.S. reliance on imported oil, increases energy affordability,
improves energy security and resilience, ensures environmental responsibility and offers Americans a broader range of
energy choices.

EERE’s budget request includes $105 million for the Advanced Energy Storage Initiative, which takes a holistic approach to
energy storage. The Initiative is focused on developing technologies to create 1) more flexible generation and 2) more
flexible load, thereby increasing the reliability and resilience of the U.S. electric grid. Built on and incorporating the EERE FY
2019 Beyond Batteries Initiative, the Advanced Energy Storage Initiative will drive improvements in bi-directional electrical
energy storage and other technologies to increase the flexibility of energy supply and demand. The Initiative will be
coordinated across the Department, including the Offices of Electricity (OE), Fossil Energy (FE), and Nuclear Energy (NE).
Existing EERE, OE, FE, and NE activities create a foundation, including batteries, pumped storage, controllable loads,
distributed energy resource management, microgrids, power system planning and operations, hybrid systems, power plant
dispatchability, and more. On this foundation, the Advanced Energy Storage Initiative will build an integrated DOE R&D
strategy and establish aggressive, achievable, and comparable goals for cost-competitive energy storage services and
applications.”

Under the Advanced Energy Storage Initiative, many EERE resources have the capability to provide flexibility and other grid
services, but focused R&D can improve those capabilities. This includes R&D to improve the flexibility of utility-side
generation resources such as Concentrating Solar Power (CSP), hydropower, and geothermal. It also includes efforts to
drive advancements in the integration and control of Distributed Energy Resources (DER), and improve the integration of
building and vehicle charging loads to maximize their value to the grid. The Initiative includes continued technology
advances in certain storage technologies, including pumped-storage hydropower, thermal storage, and behind-the-meter
battery systems. R&D focused on energy for transportation will drive advancements in battery and hydrogen storage
technologies. This includes vehicle electrification, in particular R&D that will further accelerate cost reductions and
performance improvements in advanced vehicle battery technologies and charging infrastructure, as well R&D for advanced
hydrogen production and delivery technologies. Focusing these efforts within a single DOE-wide initiative will take
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advantage of the deep collaborations across the Department’s applied research portfolio, as well as across the full suite of
technologies that contribute to the reliability and resilience of the U.S. grid.

EERE’s Budget Request also includes an expansion of the diverse capabilities of the National Wind Technology Center
(NWTC) campus at the National Renewable Energy Laboratory into a fully integrated, large-scale experimental research
platform that includes building an Enhanced Grid/Energy Systems Control Center and a High-Speed Data Link that connects
the NWTC campus to the Energy Systems Integration Facility (ESIF) at NREL's main campus and to other National
Laboratories. As part of the expansion of the NTWC, funding also invests in a Beyond Megawatt Scale Extreme Fast Charging
Station to research, integrate, and evaluate fast charging station impacts on the grid. These investments supports research
for DOE’s Grid Modernization Initiative that includes reliably integrating an increasing amount of variable generation. These
expanded capabilities will allow DOE to test a suite of technologies supported under the Advanced Energy Storage Initiative
and leverage the NWTC's future power capacity of 19.9MW with the capabilities of the ESIF.

EERE works with industry, academia, National Laboratories, and other partners to create technology-specific roadmaps

which focus DOE resources on the most fundamental technology challenges. EERE investment strategies fall under three

primary areas:

e Early-stage (R&D) to build the knowledge base upon which industry can reduce costs, improve performance, and develop
and deploy new materials and manufacturing technologies;

o Limited validation through testing and simulation to provide feedback to R&D; and

e Analysis to support regulatory activities for appliance and equipment standards, building codes, Federal energy
management and alternative fuel vehicles. In addition, research and analyses will be conducted to reduce other
regulatory barriers to industry’s deployment of EERE technologies.

EERE early-stage research focuses on technology challenges that present a significant degree of scientific or technical
uncertainty across a relatively long period, making it unlikely that industry will invest significant R&D on their own. Industry
typically focuses on near term (2-4 years) investments in marginal improvements to capacity or efficiency, while EERE early-
stage R&D focuses on longer-range (5-15 years) transformational technologies, materials, and processes. Thus, this request
maintains the most critical core capabilities and infrastructure at DOE National Laboratories related to sustainable
transportation, renewable power, and energy efficiency technologies. It proposes cost-shared funding opportunity
announcements or competitive solicitations aimed at universities, industry, and entrepreneurs. National Laboratories will
be encouraged to form Cooperative Research and Development Agreements (CRADAs) with industry, utilize Agreements for
Commercializing Technology (ACT), enter into Strategic Partnership Projects (also known as Work for Others) and conduct
User Facility calls for university and industry proposals (e.g., Energy Systems Integration Facility at National Renewable
Energy Laboratory) to further leverage National Laboratory expertise and infrastructure.

After four decades of investment in American innovation, EERE-sponsored R&D has made enormous strides toward cost
competitiveness in transportation, energy efficiency and renewable power technologies. For example, between 2010 and
2018, the average cost to utilities of power purchase agreements (PPAs) for utility scale photovoltaic electricity decreased
by 83 percent,’ and the cost for wind PPAs between 2010 and 2017 decreased by 69 percent.? Since 2008, modeled battery
costs for electric vehicles have dropped by 80 percent?, and in the past year alone, EERE-sponsored R&D has helped drive a
2.5% energy intensity reduction among industry partners.*

1 Utility Scale Solar 2018, Figure 21 (LBNL) https://emp.lbl.gov/sites/default/files/utility-scale-solar-2018-edition-public-
data-file.xIsx. Note that 2018 data is provisional.

22017 Wind Technologies Market Report Figure 51 (LBNL), https://emp.lbl.gov/sites/default/files/2017 wtmr data file.xls.
3 Energy Department Announces $15 Million for Batteries and Electrification to Enable Extreme Fast Charging
https://www.energy.gov/eere/articles/energy-department-announces-15-million-batteries-and-electrification-enable-
extreme.

4 Better Plants Progress Update (Fall 2018)
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Better-Plants-Progress-Update-2018.pdf.
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These cost declines have enabled subsequent market uptake and can be traced to previous EERE investments in early-stage
research, and EERE is committed to continuing in its role as a global leader in enabling the development of the next
generation of energy technologies.

Major Changes in the FY 2020 Budget Request

In developing the FY 2020 budget, EERE prioritized early-stage R&D to support the Administration’s R&D priority areas,
particularly Security, Prosperity and Energy Dominance. EERE will spend $696.0 million (which includes the use of $353
million in prior year balances) focused on early-stage research to strengthen our knowledge and understanding of
innovative technologies, with the potential to enable American consumers and businesses to increase energy productivity,
reduce the cost of renewable power, and adopt more affordable and secure transportation options. EERE will also conduct
rigorous analyses and evaluations of its portfolio, and achieve the greatest possible impact in each of its three sectors
(Sustainable Transportation, Renewable Power, and Energy Efficiency).

As resources continue to shift toward early-stage R&D, the Weatherization Assistance Program and State Energy Program
are terminated in FY 2020. Therefore, no funds are requested in this Budget Request for the Weatherization and
Intergovernmental Program.

Program Direction funding enables EERE to efficiently and transparently maintain and support a world-class, technology-
focused Federal workforce to manage the wide range of projects and activities funded through the EERE programs. The FY
2020 Budget Request for Program Direction provides sufficient resources for program and project management, oversight
activities, contract administration, workforce management, IT support, stewardship of the NREL, and headquarters and
field site non-laboratory facilities and infrastructure. Of EERE’s current portfolio of approximately 2,500 multi-year (3-5
year) projects, at least two-thirds will remain active in 2020.

In keeping with the direction to generate efficiencies and reduce the cost of government, and to align with reductions in
technology program budgets, the department proposes to reduce EERE-funded Full-Time Equivalents by approximately 26
percent from the planned FY 2019 level. The specific reduction will be adjusted as needed, dependent on the timing of
appropriations, in order to fully account for associated severance payments. Remaining staff will ensure continuity of the
essential oversight activities for EERE’s project portfolio and maintain proper stewardship of taxpayer dollars. A limited
amount of staff will remain in the Weatherization and Intergovernmental Program to provide required oversight of existing
projects. Due to the reduced financial assistance project and grant workload in FY 2020, EERE will consolidate procurement
and project management functions at the Golden Field Office, allowing for the elimination of staff support at the National
Energy Technology Laboratory (NETL).

Highlights of the FY 2020 Budget Request

e Sustainable Transportation ($157,400,000) — EERE’s sustainable transportation portfolio supports comprehensive and
analysis-based, early-stage research strategies that ultimately enable industry to accelerate the development and
widespread use of a variety of promising sustainable transportation technologies. Broadly, transportation programs
within EERE pursue four key parallel solution pathways: (1) fuel diversification, replacing conventional fuels with cost-
competitive, domestically produced alternatives; (2) vehicle efficiency, using less fuel to move people and freight; (3)
energy storage, delivering durable, reliable, resilient and affordable energy storage technology R&D across sectors; and
(4) improving the overall energy efficiency and efficacy of the transportation or mobility system. The pathways and
activities also include those necessary to address statutory requirements and the supporting advanced data-driven,
technical, economic, and interdisciplinary systems analyses critical to informing R&D investment priorities.

= Vehicle Technologies: The Budget Request provides $73,400,000 in FY 2020 funding to support early-stage research
to generate knowledge upon which industry can develop and deploy innovative energy technologies for more
affordable, secure, and reliable transportation of people and goods across America. The Battery and Electrification
Technologies subprogram will explore new battery materials; improve high-power, fast-charging methods; develop
innovative chemistries beyond lithium ion technology; and advanced cell technologies, with a focus on reducing or
eliminating the need for critical materials such as cobalt. This work supports the Department’s Advanced Energy
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Storage Initiative and has the potential to reduce the cost of electric vehicle batteries by more than half, to less than
$100/kWh (ultimate goal is $80/kWh), increase range to 300 miles, and decrease charge time to 15 minutes or less.
The Energy Efficient Mobility Systems (EEMS) subprogram will create breakthrough modeling, simulations, and high
performance computing-enabled data analytics to enable new transportation-system technologies with potential to
improve energy productivity and affordability through new mobility solutions, including connected, shared, and
automated vehicles. In Advanced Engine and Fuel Technologies, research will advance and improve our
understanding of, and ability to, increase combustion efficiency, generating knowledge and insight necessary for
industry to develop the next generation of engines and fuels capable of improving passenger vehicle fuel economy
35 percent by 2030 from a 2015 baseline of 36 miles per gallon. This includes research to improve natural gas engine
efficiency and fuel storage capacity. Materials Technology research will focus on novel approaches to building
lightweight, multi-material structures and creating new materials that can withstand the extreme temperatures and
pressures (e.g., high compression engines) that the next generation of high-efficient vehicle engines will require. The
Technology Integration subprogram will continue support for statutory requirements related to public information
about alternative fuels and vehicle fuel economy, as well as state and alternative fuel provider fleets, and will
support the new university student competition, “The EcoCAR Mobility Challenge.” The Program’s Analysis effort will
use advanced vehicle and transportation data to conduct techno-economic and interdisciplinary analyses critical to
informing Program targets and research planning.

= Bioenergy Technologies: The Budget Request provides $40,000,000 in FY 2020 to support early-stage R&D that
bolsters the body of scientific and engineering knowledge enabling industry to demonstrate and deploy high-
performing drop-in biofuels at $3 per gallon gasoline equivalent, which includes high-value co-production of
renewable chemicals and materials. Domestically-produced renewable biomass, and wastes such as municipal solid
waste and their subsequent conversion to bioenergy and co-produced bioproducts, offers a tremendous opportunity
to create American jobs across the supply chain, boost economic growth, and encourage affordable energy while
reducing U.S. exposure to foreign oil imports. The program’s early-stage R&D emphasizes advanced technologies to
produce renewable-gasoline, -diesel, and -jet fuels from non-food sources. Consortium-supported research focus
areas include: (1) detailed understanding and optimization of the physics and chemistry of feedstocks and
preprocessing steps necessary for high conversion rates; (2) biological development and molecular characterization
of high performing algal strains; and (3) development of engineered organisms and novel catalysts to drive
conversion efficiency. In collaboration with the Vehicles Technologies. Bioenergy will explore the co-optimization of
fuels and engines to evaluate the most promising biofuel candidates to enable fuel economy, emissions reduction,
and efficiency targets for advanced compression ignition engines.

=  Hydrogen and Fuel Cell Technologies: The Budget Request provides $44,000,000 in FY 2020 to support early-stage
R&D to investigate novel hydrogen and fuel cell technologies that could enable American energy independence and
domestic job growth through industry development and deployment. To be cost competitive with gasoline-powered
internal combustion engines on a cents-per-mile driven basis, the cost of hydrogen delivered and dispensed needs to
be less than $4/gge (untaxed), and the cost of a durable fuel cell system to be less than $40/kW. The program will
continue to focus on the H2@Scale concept which will enable affordable and reliable hydrogen generation,
transport, storage and utilization across sectors. This can avoid curtailing variable renewable sources like solar and
wind, can optimize baseload operation of nuclear, coal, and natural gas plants, and can enable innovations in the
industrial sector like steel manufacturing. In FY 2020, focus areas include: advanced characterization of hydrogen
release behavior and materials compatibility R&D to address regulatory barriers; advanced concepts for affordable
and reliable infrastructure component technologies; and R&D on hydrogen energy storage.

e Renewable Power ($163,700,000) — Through its Renewable Power portfolio, EERE will perform early-stage research to
enable solar, wind, water, and geothermal industries to develop and ultimately deploy low-cost novel power generation
technologies. The overarching objective of the Renewable Power portfolio is to lower costs and improve the integration
of renewable energy technologies with the grid. This improved integration is executed through the Advanced Energy
Storage Initiative and the Grid Modernization Initiative. Through investments in DOE labs, industry, and academia,
EERE’s Renewable Power technology programs will continue to lead the world in developing domestic, clean, reliable
energy choices in power generation, which strengthen the U.S. economy while increasing energy security.
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= Solar Energy: The Budget Request provides $67,000,000 in FY 2020 to support the DOE in improving the affordability,
reliability, and performance of solar technologies on the grid. Funding will support early-stage R&D at the National
Laboratories, in partnership with academia and industry. The program will increase the reliability and performance
and decrease the cost of next-generation photovoltaics toward the 2030 target of $0.03/kWh for utility-scale solar
power without subsidies, to make solar one of the least expensive forms of electricity. Funding for concentrating
solar power will work to make solar power available on demand through the incorporation of thermal energy storage
and the production of fuels for long-term energy storage. In addition, the program will support the Advanced Energy
Storage Initiative and advance the state of knowledge necessary for industry to more effectively integrate solar into
the electric grid, improving solar energy’s ability to contribute to grid reliability, resilience and security. Funding will
also support analytics, testing and modeling of power system integrity and potential cybersecurity issues related to
integrating increasing amounts of solar power on the electric grid. In addition, the program will support an additional
round of the American-Made Solar Prize and the last year of a university research center in collaboration with the
National Science Foundation.

= Wind Energy: The Budget Request provides $23,700,000 in FY 2020 to support fundamental, early-stage R&D, and
related testing that builds the knowledge base upon which industry can develop and deploy novel technologies. FY
2020 activities will focus on improving the performance and reliability of next-generation wind plants by applying
high-performance computing to investigate systems-level interactions influenced by atmospheric conditions, variable
terrain, and machine-to-machine wake interactions for offshore, land-based and distributed wind applications.
Continuing R&D will focus on controls, sensors, algorithms, materials, and manufacturing to lower wind energy costs
and improve operational performance. Fundamental R&D will target U.S.-specific offshore wind technology barriers,
including advanced substructure technology, reduction of installation cost and risks, technology to reduce on-site
0O&M, and design standards development for the extreme marine conditions unique to U.S. waters. Funding will
continue to advance R&D and manufacturing improvements that directly reduce distributed wind LCOE and
maximize the value and resiliency of microgrids utilizing wind energy. Funding will address wind/radar challenges;
develop technical solutions to reduce environmental compliance costs, and support development of a robust
domestic wind energy workforce. Funding for the National Wind Technology Center will be moved to Facilities and
Infrastructure, consistent with the expanded scope of activities noted above.

= Water Power: The Budget Request provides $45,000,000 in FY 2020 to support early-stage R&D and strengthen the
body of scientific and engineering knowledge that enables industry to develop new technologies that increase U.S.
hydropower and marine and hydrokinetic energy generation. The program supports the Advanced Energy Storage
Initiative and continues its focus on hydropower and PSH’s roles in grid reliability and resiliency by continuing to
support innovative PSH technologies and conducting new research to evaluate and improve the flexibility and grid
services provided by hydropower and/or PSH. The program continues National Laboratory and industry R&D efforts
to develop standard, modular hydropower components and site designs for new opportunities at existing non-
powered dams. It also continues its work to develop turbine design and evaluation tools that improve fish passage
and turbine efficiency in order to reduce the time, cost and uncertainty in hydropower licensing. In marine and
hydrokinetics (MHK), the program will competitively select industry-led projects to test and validate performance of
up to two wave devices at PacWave, the Nation’s first accredited grid-connected MHK test facility in a high-energy
site. The program continues assistance to private industry to test early stage subscale marine energy systems, in
collaboration with U.S. universities and the National Laboratories and through its partnerships with the Navy.
Monitoring of open water tests and continued analysis and dissemination of the results of new research is also
supported to reduce perceived environmental risk and the time associated with device permitting. The program will
scope funding opportunities or prizes to prove the feasibility of tidal devices in remote communities, and commences
follow-on to previous work in non-utility scale markets by scoping and analyzing the viability of designing wave
energy systems to distributed ocean applications, as well as continued R&D in advanced controls working with
industry to validate the most promising systems.

= Geothermal Technologies: The Budget Request provides $28,000,000 in FY 2020 to support early-stage R&D of
Geothermal Technologies. Within Enhanced Geothermal Systems (EGS), the program will continue implementation
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of the Frontier Observatory for Research in Geothermal Energy (FORGE) to advance Phase 3 field operations at the
FORGE site through the end of FY 2024. Prior to testing in the high-value main injection production pair sites at the
FORGE, in FY 2020, the EGS subprogram will identify “Wells of Opportunity” and conduct high-risk tests of wellbore
stimulation, zonal isolation, and subsurface interrogation technologies in available unused geothermal wells across
the U.S. The Hydrothermal subprogram will continue to conduct subsurface R&D in FY2020 with a focus on
exploration topics, starting with research in subsurface imaging, particularly for current and pre-existing subsurface
volcanic terrain. The program contributes to the Advanced Energy Storage Initiative through research on more
flexible geothermal systems. The program will continue R&D in Reservoir Thermal Energy Storage (RTES) including
deep direct use (DDU) engineering, design and systems research; this R&D is critical for modernizing the nation’s
electrical grid and minimizing impacts from variable energy sources, as RTES provides an on-demand “earth battery,”
holding hot water in storage. Combined efforts will strengthen the body of knowledge necessary to support industry
efforts to achieve a cost target of 20.8 cents/kWh by 2022 for newly developed Enhanced Geothermal Systems, and
support enhanced grid reliability and resiliency through geothermal power to be operated flexibly and provide
essential grid reliability service energy contributions.

e Energy Efficiency ($145,900,000) — EERE’s energy efficiency portfolio will build on the considerable progress made over
the last 40 years and pursue early-stage R&D targeted at high impact technology areas such as advanced lighting, space
heating and cooling, building envelopes, and manufacturing materials and processes. The overall goal of the energy
efficiency portfolio is to strengthen the body of knowledge that enables businesses, industry, and the Federal
Government to improve the affordability, energy productivity, and resiliency of our homes, buildings, and
manufacturing sectors. The knowledge outputs of this research can support a foundation for economic growth and job
creation as businesses, consumers, and energy managers develop and deploy new energy-efficiency and manufacturing
technologies and best practices.

= Advanced Manufacturing: The Budget Request provides $80,500,000 in FY 2020 to support early-stage applied R&D
focused on advancing and creating new understanding of underlying technologies, materials, and processes relevant
to the productive use of energy in manufacturing, as well as the competitive manufacturing of energy related
products. The Budget Request includes funding for the Harsh Environment Materials Initiative, a new cross-cutting
activity with the Offices of Fossil Energy and Nuclear energy to exploit synergies in materials and component
manufacturing research for thermoelectric power plants. Specifically, the coordinated Harsh Environment Materials
Initiative will align research on novel materials, such as for harsh and high temperature environments, integrated
sensors and manufacturing technologies. By fostering collaboration between National Laboratories, universities and
companies (for-profit and not-for-profit), this Budget Request will enhance the foundational knowledge base in
materials and manufacturing processes, focusing on research challenges that present a significant degree of scientific
or technical uncertainty and are beyond the horizon in terms of commercialization, making it unlikely that industry
will pursue independently.

=  Federal Energy Management Program: The Budget Request provides $8,400,000 in FY 2020 to support Federal
Energy Management Program’s core activities of tracking agencies’ energy management performance and resources
for facility optimization and resilient, secure portfolio planning that leverages performance contracting. FEMP
activities will also focus specifically disseminating existing training resources that enhance the skills and agility of the
existing Federal workforce. This includes disseminating best practices for measurement and verification.

=  Building Technologies: The Budget Request provides $57,000,000 in FY 2020 to support early-stage R&D of
innovative building energy technologies such as lighting, space conditioning, refrigeration, windows, and envelope
and their effective integration into smart, efficient, resilient, grid-interactive, affordable, and secure building
systems. In support of the Advanced Energy Storage Initiative, particular focus will be placed building system
interaction with the grid in terms of controllable loads and thermal energy storage technologies. The goal of the
Buildings program is to overcome the high degree of fragmentation across the heterogeneous buildings industry,
spanning construction to appliance and equipment manufacturing. Building Technologies’ research also focuses on
developing the physics-based algorithms for improved energy modeling and system controls required to better
predict and manage energy efficient appliance/equipment, system, and whole-building energy usage. Additionally,
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Building Technologies’ early stage R&D on cybersecure advanced sensors and controls will help strengthen the body
of knowledge to enable industry to develop and deploy “smart” buildings capable of interacting with the power grid
securely, in new and increasingly adaptive manners, to help with overall electric system efficiency, resilience and
energy affordability. Finally, it supports DOE working with industry and stakeholders to meet requirements for
statutorily-mandated efficiency standards and building energy codes determinations.

=  Weatherization and Intergovernmental Program: The Budget Request provides no funding in FY 2020 for the
Weatherization Assistance Program or the State Energy Program due to a departmental shift in focus away from
deployment activities and towards early-stage R&D. Activities in FY 2020 will encompass completing work activities
associated with existing financial and technical assistance awards and initiatives with states and local governments
and stakeholder organizations, closing out awards and agreements as they come to the end of their periods of
performance, and providing resources and institutional knowledge to state and local entities as practicable.

EERE supports the following Departmental crosscuts:

e Advanced Energy Storage Initiative: A coordinated effort across DOE that will accelerate the development of energy
storage and system flexibility technologies. Leveraging the full suite of DOE technologies, the Advanced Energy Storage
Initiative will focus the Agency’s efforts to take a more holistic and system-wide perspective to address emerging
challenges, improve the reliability and resilience of the electrical grid, and ensure the affordability and security of energy
for transportation.

e Harsh Environment Materials Initiative: A coordinated effort to exploit synergies in materials and component
manufacturing R&D for advanced thermoelectric power plants. Specifically, this initiative would leverage NE and FE R&D
activities related to advanced reactor technologies and high efficiency low emissions modular coal plants, respectively, to
align R&D of novel materials, integrated sensors, and manufacturing processes relevant for advanced thermoelectric
power plants.

e Cybersecurity: DOE is engaged in two categories of cyber-related activities: protecting the DOE enterprise from a range of
cyber threats that can adversely impact mission capabilities and improving cybersecurity of EERE technologies. This latter
area is executed through various EERE program activities. The cybersecurity crosscut supports central coordination of the
strategic and operational aspects of cybersecurity and facilitates cooperative efforts such as the Joint Cybersecurity
Coordination Center (JC3) for incident response and the implementation of department-wide Identity, Credentials, and
Access Management (ICAM).
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Energy Efficiency and Renewable Energy

($K)
FY 2018 FY 2019 FY 2020 FY 2020 Request vs
FY 2019 Enacted
Enacted Enacted Request
$ | %
Discretionary Summary by Appropriation
Energy Efficiency and Renewable Energy
Energy Efficiency and Renewable Energy
RDD&D
Sustainable Transportation
Vehicle Technologies 337,500 344,000 73,400 -270,600 -78.7
Bioenergy Technologies 221,545 226,000 40,000 -186,000 -82.3
Hydrogen and Fuel Cell Technologies 115,000 120,000 44,000 -76,000 -63.3
Renewable Power
Solar Energy Technologies 241,600 246,500 67,000 -179,500 -72.8
Wind Energy Technologies 92,000 92,000 23,700 -68,300 -74.2
Water Power Technologies 105,000 105,000 45,000 -60,000 -57.1
Geothermal Technologies 80,906 84,000 28,000 -56,000 -66.7
Energy Efficiency
Advanced Manufacturing 305,000 320,000 80,500 -239,500 -74.8
Federal Energy Management Program 27,000 30,000 8,400 -21,600 -72.0
Building Technologies 220,727 226,000 57,000 -169,000 -74.8
Weatherization and Intergovernmental
Programs
Weatherization Assistance Program 248,000 254,000 0 -254,000 -100.0
Training and Technical Assistance 3,000 3,000 0 -3,000 -100.0
State Energy Program 55,000 55,000 0 -55,000 -100.0
Total, Weatherization and 306,000
Intergovernmental Programs 312,000 0 -312,000 -100.0
Corporate Support Programs
Facilities and Infrastructure (NREL) 92,000 97,000 107,000 10,000 10.3
Program Direction 162,500 162,500 122,000 -40,500 -24.9
Strategic Programs 15,000 14,000 0 -14,000 -100.0
Subtotal, EERE 2,321,778 2,379,000 696,000 -1,683,000 -71.0
Use of Prior Year Balances 0 0 -353,000 -353,000 0.0
Total, EERE 2,321,778 2,379,000 343,000 -2,036,000 -85.6
SBIR/STTR:

e FY 2018 Transferred: SBIR $50,991,000; STTR: $7,171,000
e FY 2019 Projected: SBIR $51,331,000; STTR $7,218,000
e FY 2020 Request: SBIR $10,919,000; STTR: $1,535,000
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Vehicle Technologies

Overview

Vehicles move our national economy. Annually, vehicles transport 11 billion tons of freight —about $35 billion worth of goods each
day! — and move people more than 3 trillion vehicle-miles.? Growing our economy requires transportation and transportation
requires energy. The transportation sector accounts for about 30 percent of total U.S. energy needs® and 70 percent of U.S.
petroleum use. With twenty percent (net) of U.S. petroleum consumption being imported, the U.S. sends approximately $15 billion
dollars per month* overseas for crude oil. The average U.S. household spends nearly one-fifth of its total family expenditures on
transportation,® making it the most expensive spending category after housing.

To strengthen national security, promote future economic growth, support American energy dominance, and increase
transportation energy affordability for Americans, the Vehicle Technologies Program funds early-stage, high-risk research. This
research will generate knowledge that industry can advance to deploy innovative energy technologies to support affordable,
secure, reliable, and efficient transportation systems across America. The Vehicle Technologies Program leverages the unique
capabilities and world-class expertise of the National Laboratory system to develop new innovations in electrification, including
advanced battery technologies; advanced combustion engines and fuels, including co-optimized systems; advanced materials for
lighter-weight vehicle structures and better powertrains; and energy efficient mobility technologies and systems, including
automated and connected vehicles as well as innovations in connected infrastructure for significant systems-level energy efficiency
improvement. Vehicle Technologies is uniquely positioned to address early-stage challenges due to its strategic research
partnerships with industry (e.g., the U.S. DRIVE and 21 Century Truck Partnerships) that leverage relevant technical and market
expertise. These partnerships prevent duplication of effort, focus DOE research on the most critical R&D barriers, and accelerate
progress. The partnerships help the Program focus on research that industry does not have the technical capability to undertake on
its own — usually because there is a high degree of scientific or technical uncertainty or it is too far from market realization to merit
sufficient industry emphasis and resources. At the same time, the Program works with industry to ensure there are pathways for
technology transfer from government to industry so that Federally-supported innovations have an opportunity to make their way
into commercial application.

The Vehicle Technologies Program works closely with counterparts in the Bioenergy Technologies and Hydrogen and Fuel Cell
Technologies Programs. Together, the three programs have developed common metrics to evaluate and compare the costs and
energy consumption of advanced transportation technologies with today’s technologies. On a lifecycle basis (vehicle manufacture,
fuel production, and fuel use), future (~2030), modeled, conventional gasoline internal combustion engine vehicle (ICEV)
technology is expected to cost approximately 27 cents per mile and consume 4,700 Btu per mile.® The Vehicle Technologies
Program goals below are necessary for new technology options to be more efficient and at least as affordable compared to this
baseline, while also accounting for consumer pay-back period expectations.

The request provides $30,000,000 in support of the Advanced Energy Storage Initiative, which coordinates R&D across the DOE
applied energy offices to advance energy storage and technologies that provide similar capabilities. Energy storage is critical to
realizing both a flexible, resilient electrical grid and a modern, affordable transportation system powered by a diverse suite of
energy resources —and energy storage for the grid is complemented by a portfolio of generation and load technologies that provide

1 Bureau of Transportation Statistics, DOT, Transportation Statistics Annual Report 2017, Table 3-1.
https://www.bts.gov/bts-publications/transportation-statistics-annual-reports/tsar-2017.

2 Transportation Energy Data Book 36th Edition, ORNL, 2017. Table 3.7 Shares of Highway Vehicle-Miles Traveled by Vehicle
Type, 1970-2015.

3 |bid. Table 2.1. U.S. Consumption of Total Energy by End-use Sector, 1973-2017.

4 Ibid. Table 1.13 Consumption of Petroleum by End-use Sector; Table 1.6 U.S. Petroleum Imports, 1960-2017; Table 10.5
Prices for a Barrel of Crude Oil and a Gallon of Gasoline, 1978-2017. Overseas includes countries and territories outside the
50 States and the District of Columbia.

5 lbid. Table 10.1 Average Annual Expenditures of Households by Income, 2016.

6 See Record #17008, which can be accessed at

https://www.hydrogen.energy.gov/program records.html#program related. Both energy and cost per mile are based on a

15'year vehicle lifetime and are based on meeting VTO technical targets.
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flexibility, essential reliability services, and system resilience. The Advanced Energy Storage Initiative will take advantage of these
deep complementarities and ensure coordination across EERE and DOE to address system-wide challenges from a system-level,
rather than technology-specific perspective.

Highlights of the FY 2020 Budget Request

The Vehicle Technologies Budget Request supports key efforts that contribute to achieving its high-level goals:

e Advanced Battery R&D: In support of the Advanced Energy Storage Initiative, identify new battery chemistry and cell
technologies with the potential to reduce the cost of electric vehicle batteries by more than half, to less than $100/kWh
(ultimate goal is $80/kWh), increase range to 300 miles, and decrease charge time to 15 minutes or less by 2028.

o Energy Efficient Mobility Systems: Create breakthrough modeling, simulations, and high performance computing-enabled data
analytics to support the development of new transportation-system technologies, which have the potential to improve energy
productivity through new mobility solutions including connected, shared and automated vehicles.

e Advanced Engines and Fuels: Improve our understanding of, and ability to manipulate combustion processes, fuel properties, and
catalyst formulations, generating knowledge, predictive modeling capability, and insight necessary for industry to develop the
next generation of engines and fuels capable of improving passenger vehicle fuel economy by 35 percent in 2030 (vs. 2015
baseline of 36 MPG) while cost effectively meeting emission standards. This includes engine efficiency research to reduce the cost
premium of natural gas vehicles in medium and heavy-duty trucks, as well as gaseous fuel storage research in cooperation with
related work in the Fuel Cell Technologies Program.

e Advanced Materials Research: Identify novel approaches to build lightweight, multi-material structures with the potential to
reduce light-duty vehicle glider (i.e., chassis, body structure, and interior) weight by 25 percent at less than $5/Ib-saved by 2030
(vs. 2012 baseline of 2,430 Ibs.). Focus on the development of high temperature materials to increase 25 percent of high
temperature component strength for high-efficiency engines by 2025.

o Technology Integration: Fulfill statutory requirements for providing alternative fuel information, publishing the Fuel Economy
Guide, and implementing the state and alternative fuel provider fleet program. Support “living labs” to validate data,
technologies, and systems in the field, serving as an important feedback loop to inform future Vehicle Technologies
research planning. Support national science, technology, engineering, and mathematics education objectives through an
advanced vehicle technology competition to provide hands-on training to university students and prepare them for the future
workforce.

e Analysis: Using advanced vehicle and transportation data, conduct technical-, economic-, and interdisciplinary analyses that
result in insights critical to informing Vehicle Technologies’ targets and program planning.
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Vehicle Technologies
Funding ($K)

FY 2018 FY 2019 FY 2020 FY 2020 Request vs
Enacted Enacted Request FY 2019 Enacted
Vehicle Technologies
Battery and Electrification Technologies 160,000 163,200 39,400 -123,800
Energy Efficient Mobility Systems 41,000 40,500 15,000 -25,500
Advanced Engine and Fuel Technologies 65,200 64,000 9,000 -55,000
Materials Technology 25,000 30,000 5,000 -25,000
Technology Integration 41,300 41,300 3,500 -37,800
Analysis 5,000 5,000 1,500 -3,500
Total, Vehicle Technologies 337,500 344,000 73,400 -270,600

SBIR/STTR:

e FY 2018 Transferred SBIR $10,102,000; STTR $1,421,000
e FY 2019 Projected: SBIR: $9,990,400; STTR: $1,405,000
e FY 2020 Request: SBIR: $2,285,000; STTR: $321,000

Energy Efficiency and Renewable Energy/
Vehicle Technologies 19 FY 2020 Congressional Budget Justification



Vehicle Technologies
Explanation of Major Changes

($K)

Vehicle Technologies

Battery and Electrification Technologies: The reduction in funding level for this subprogram reflects the prioritization of the most critical
early-stage activities within the broader priorities of EERE and the Department. In support of the Advanced Energy Storage Initiative and
the Grid Modernization initiatives, the Behind the Meter Storage activity will expand to develop innovative, critical materials-free
battery energy storage technologies applicable to plug-in electric vehicles and high power charging systems. No new funds are provided
for battery development work through the U.S. Advanced Battery Consortium. Funds are eliminated for battery safety and thermal
performance testing and minimized for performance testing of new battery cell innovations. Funds are reduced for Advanced Battery
Materials and Electrochemical Optimization Research. The Program will downselect two multi-lab research teams focused on
intermetallic anodes to one group in order to focus on higher priority areas and promising developments. The Program will also
downselect the next generation cathode portfolio to focus on low- or no cobalt materials. Electrification R&D projects will be reduced in
scope and number to support high-priority projects that are on the critical path of advancing vehicle electrification. Electric Drive R&D
will focus on high-power density electronics research with the potential to significantly reduce cost and volume and electric motor
research that significantly reduces or eliminates dependence on critical materials and utilizes recycled material feedstocks.

Energy Efficient Mobility Systems (EEMS): The reduction in funding level for this subprogram reflects the prioritization of the most critical
early-stage applied mobility research activities within the broader priorities of EERE and the Department. Research within the SMART
Mobility National Laboratory Consortium (a multi-disciplinary approach to push the boundaries of understanding the energy
productivity impacts from future mobility technologies and transportation systems) will emphasize work in three research pillars
focused on connected and automated multi-modal solutions for personal and freight mobility. Data science and strategic computing
capabilities developed in the previous year will be applied to a real-world transportation case study to validate their performance. A new
advanced mobility technology research project will be initiated to accelerate the benefits of laboratory research discoveries in the
transportation system. The subprogram will also maintain a critical set of core vehicle modeling and validation tools and capabilities that
enable research across multiple subprograms.

Energy Efficiency and Renewable Energy/
Vehicle Technologies

FY 2020 Request vs
FY 2019 Enacted

-123,800

-25,500

20 FY 2020 Congressional Budget Justification




FY 2020 Request vs
FY 2019 Enacted

Advanced Engine and Fuel Technologies: The reduction in funding level for this subprogram reflects the prioritization of the most critical
early-stage activities, within the broader priorities of EERE and the Department. Research on spark-ignited engines within the Co-
Optimization of Engine and Fuels will be eliminated to focus on multi-mode spark-ignition/advanced compression ignition (SI/ACI)
combustion for light-duty vehicles. A new, multi-lab initiative will consolidate fundamental combustion research, including
experimental, computational, and modeling work. The initiative’s goal will be to use exsascale computing to fully model, simulate, and
optimize combustion in vehicle engines. Research on emission reduction from diesel engines will be reduced within Catalyst R&D for
Emission Control/After-treatment to focus on fundamental catalysis that cost-effectively reduces emissions from multi-mode engines. A
multi-lab initiative for medium- and heavy-duty on- and off-road vehicles will focus on early-stage research to improve engine and
vehicle efficiency. Natural gas engine efficiency research will be conducted on medium- and heavy-duty truck engines to approach parity
with diesel engine efficiency and gaseous fuel storage research will be conducted in coordination with the Hydrogen and Fuel Cell
Technologies Program. -55,000

Materials Technology: The reduction in funding level for this subprogram reflects the prioritization of the most critical early-stage activities,
within the broader priorities of EERE and the Department. Early-stage research will focus on reducing the cost of specific lightweight,
high-strength materials. A multi-lab research effort on joining of dissimilar materials will develop innovative joining technologies and
increase fundamental understanding of the underlying science to support the increased use of lightweight materials in vehicles. A multi-
lab research effort for powertrain materials research will support weight reduction and powertrain system efficiency improvements
over a wide range of vehicle classes, including heavy-duty, medium-duty, and light-duty, by addressing the high temperature materials
needs of advanced engine design components. This early-stage research will support the development of new alloys with resistance to
high temperature corrosion/oxidation of engine components operating in the combustion chamber and exhaust system. -25,000

Technology Integration: The reduction in funding level for this subprogram reflects the prioritization of the most critical early-stage
activities, within the broader priorities of EERE and the Department. Funds support statutory requirements and activities that provide
data and lessons-learned to inform future research needs. Minimal support is provided for the advanced vehicle technology competition
for university students. -37,800

Analysis: The reduction in funding level for this subprogram reflects the prioritization of the most critical early-stage activities, within the
broader priorities of EERE and the Department. Funds will support the planning and execution of technology, economic, and
interdisciplinary analyses to inform and prioritize Vehicle Technologies technology investments and research portfolio planning,
including activities such as research target setting and benefits estimation. -3,500

Total, Vehicle Technologies -270,600
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Vehicle Technologies
Battery and Electrification Technologies

Description

The Battery and Electrification Technologies subprogram supports early-stage research to identify new battery chemistries,
including critical materials-free chemistries, and cell technology with the potential to reduce the cost of electric vehicle
batteries by more than half to less than $100/kWh, while increasing vehicle range to 300 miles and decreasing charge time
to less than 15 minutes by 2028. The cost target supports a levelized cost of driving (LCD) of a 300-mile battery electric
vehicle (BEV) of $0.28/mile, which is comparable to a future internal combustion engine vehicle at $0.27/mile. The ultimate
cost goal for a 300-mile BEV battery is $80/kWh, which achieves an LCD of $0.26/mile.

The Battery and Electrification Technologies R&D subprogram funds research programs with partners in academia, National
Laboratories, and industry, focusing on generating knowledge of high-energy and high-power battery materials and battery
systems that can support industry to significantly reduce the cost, weight, volume, and charge time of plug-in electric
vehicle (PEV) batteries. Through its key activities supporting battery energy storage — Advanced Battery Materials Research,
Advanced Battery Cell R&D, and Behind the Meter Storage — this subprogram supports the Advanced Energy Storage
Initiative, which is focused on a flexible, resilient electrical grid and a modern, affordable transportation system powered by
a diverse suite of energy resources. The subprogram also focuses on fast, secure, and resilient PEV charging through its
Electrification R&D activity, and extreme high power density motor and power electronics for PEV traction drive systems in
its Electric Drive R&D activity.

Advanced Battery Materials Research ($20,000,000) will focus on early-stage research of new lithium-ion cathode, anode,
and electrolyte materials, which currently account for 50-70 percent of PEV battery cost. Specifically, this work will focus on
the development of new materials that offer a significant improvement in either energy or power and have the potential to
achieve the DOE battery cost target of $100/kWh and be capable of charging in 15 minutes or less. This work will be carried
out through National Laboratory Annual Operating Plans. Research will also focus on the development of innovative battery
materials recycling and reuse technologies to assure sustainability and domestic supply. This work will be carried out
through competitively selected, cost-shared projects, in addition to research conducted as part of the Lithium Battery
Recycling Prize and National Laboratory-led Recycling Center launched in fiscal year 2019. Recycling Prize activities will
focus on Phase Il Prototyping and Partnering, in which the Phase | winners selected in fiscal year 2019 will validate their
concepts through prototyping, testing, and/or simulation while establishing business relationships with potential pilot
partners in order to develop and demonstrate a full end-to-end solution for the recovery, safe storage, and transportation
of end-of-life lithium-ion batteries. In addition, the subprogram will continue the Battery500 research consortium, which
includes industry, university, and national laboratories and is focused on the development of “beyond lithium-ion”
technologies that have the potential to significantly reduce weight, volume, and cost by three times (580/kWh). The activity
seeks to design novel electrode and cell architectures that use a lithium anode, combined with a compatible electrolyte
system and high capacity cathodes that prohibit lithium dendrite growth or polysulfide dissolution to achieve 500 Wh/kg
and 1000 cycles at the lab cell level. New research will support batteries and electrification in large trucks, which may
require unique technology based on the charging patterns, daily usage, range, and overall length of vehicle life.

The Advanced Battery Cell R&D effort ($6,000,000) will focus on early-stage R&D of new battery cell technology that
contains new materials and electrodes that can reduce the overall battery cost, weight, and volume while improving
energy, life, safety, and fast charging. Work will be carried out through competitively selected, cost-shared projects. This
activity also supports high-fidelity battery performance, life, fast charging, and safety testing of innovative battery
technologies at the National Laboratories and the lithium-ion battery recycling center.

The Behind the Meter Storage (BTMS) effort ($4,000,000) supports the Advanced Energy Storage Initiative and Grid
Modernization Initiative (GMI) by focusing on innovative solutions capable of mitigating potential grid impacts of PEV high-
power charging systems, such as critical materials-free battery energy storage technologies. As part of GMI, this work will
be coordinated with the Office of Fossil Energy (FE), the Office of Nuclear Energy (NE), the Office of Electricity (OE), and the
Office of Cybersecurity, Energy Security, and Emergency Response (CESER) as part of the Energy Storage and System
Flexibility focus area. Solutions in the 1-10 MWh range will support optimal charging system design, eliminate potential grid

Energy Efficiency and Renewable Energy/
Vehicle Technologies 23 FY 2020 Congressional Budget Justification



impacts of high-power PEV charging systems, and lower installation costs and costs to the consumer. BTMS systems have
their own calendar-life, cycle-life, and cost challenges, but many lessons learned from PEV battery development may be
applied to BTMS systems. BTMS electrochemical solutions could be optimized for these applications with less focus on
energy density in mass and volume; the potential for novel battery solutions is very appealing. Furthermore, the balance-of-
plant for a BTMS battery system, or the cost of everything minus the battery cells, is thought to be more than 60 percent of
the total energy storage system cost, while the PEV balance-of-plant costs comprise roughly 30 percent of the total battery
cost. Therefore, BTMS will also need to focus on balance-of-plant cost reduction through system optimization in order to
realize desired cost targets. Efforts will include research and development of advanced power electronics and controls to
assure seamless integration of energy storage, vehicle charging, and behind-the-meter power transmission.

The Electrification R&D effort ($5,000,000) will focus on early-stage research to support fast, secure, and resilient PEV
charging on the Nation’s electric grid. This work will be carried out through National Laboratory Annual Operating Plans and
competitively selected, cost-shared projects. Specifically, projects will increase the reliability of charging by focusing on
smart-charging technology to support secure and cost-effective charging of large volumes of PEVs. Research will also focus
on extreme fast-charging at power levels greater than 350kW to support charging a PEV in 10-15 minutes and support
heavy-duty truck charging as well. Impacts of PEV charging at scale for light-, medium-, and heavy-duty vehicles will be
minimized through technologies that provide better flexibility and control, such as wireless charging approaches and
chargers that use distributed energy resources, further supporting the GMI and leveraging developments in battery energy
storage technologies through BTMS.

Electric Drive Research ($4,400,000) conducts R&D to reduce the cost of electric traction drive systems that can deliver at
least 55kW of peak power to $7/kW by 2022, enabling cost-competitive technologies for vehicle electrification. Early-stage
research will focus on extreme high power density motor and power electronics technologies that have the potential to
support radical new vehicle architectures by dramatic volume/space reductions and increased durability and reliability. This
work will be carried out through National Laboratory Annual Operating Plans and competitively selected, cost-shared
projects. This work will emphasize a ten-fold reduction in the volume of electric traction drive systems, which combine
power electronics and motors using high-density integration technologies. Approaches will include wide bandgap devices,
dense power electronics packaging, novel circuit topologies, and new materials for high-density electric motors. Electric
traction drive system integration based on power electronics and electric motor innovations will also be a priority.
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Activities and Explanation of Changes

Battery and Electrification Technologies

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Battery and Electrification Technologies $163,200,000

$39,400,000

-$123,800,000

Advanced Battery Materials Research & Battery500
$65,000,000

$20,000,000

-$45,000,000

e Continue support for the Battery500 Consortium to
significantly increase energy density/reduce cost
through “beyond lithium-ion” technology. In FY
2019, the three Battery500 Consortium keystone
research projects will focus on mitigation of lithium
dendrite formation, polysulfide dissolution, and
solid-state materials research. The 15 seedling
projects selected in FY 2017 will be down-selected
to ten of the most promising technologies and
innovations.

e Funding will support 18 projects at the National
Laboratories focused on beyond lithium-ion
technologies. Specifically, they will focus on: (1)
development of a framework or scaffold to host
metallic lithium to stabilize the lithium electrode
surface and mitigate lithium plating during cycling,
and (2) development of novel sulfide based solid
electrolytes with improved ionic conductivity and
minimal areal surface impedance. Research will
continue on designing novel electrode material
structures to increase sulfur mass loading and
contain long chain polysulfides on the positive
electrode to improve sulfur utilization. Funding will
support competitively selected, cost-shared projects
that focus on lithium metal, lithium sulfur, and solid-
state battery technology.

e Funding will support two multi-disciplined, multi-
laboratory research teams focused on next-
generation intermetallic anodes for lithium-ion
batteries that address critical barriers in achieving

Energy Efficiency and Renewable Energy/
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e Continue support for the Battery500 Consortium
to significantly increase energy density/reduce
cost through “beyond lithium-ion” technology. In
FY 2020, the three Battery500 Consortium
keystone research projects will focus on
mitigation of lithium dendrite formation,
polysulfide dissolution, and solid-state materials
research.

e Funding will support up to ten projects at the
National Laboratories focused on beyond lithium-
ion technologies in the following “beyond
lithium-ion battery” focus areas: development
and synthesis of metallic lithium, lithium sulfur,
lithium air, sodium ion, and solid electrolyte
materials; modeling and first principles
calculations of electrode materials, solid-
electrolyte interphase (SEl) layer and electrode
microstructure; and assembly of high density low
tortuosity electrodes.

e Funding will support one multi-disciplined, multi-
laboratory research team to advance next-
generation intermetallic anodes for lithium-ion
batteries that address critical barriers in achieving
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e No significant change to three Battery500
keystone R&D projects. Prior year obligations will
continue to fund the ten Battery500 Seedling
projects downselected in FY 2019.

e Laboratory materials research will be down-
selected from 18 to up to ten National Laboratory
projects offering the most promising technologies
and innovations. Prior year obligations will
continue to support university and industry
projects awarded through a competitive
solicitation in FY 2019.

e Higher priority areas of improving the
intermetallic anode solid-electrolyte interphase
will be addressed by merging the two multi-
Laboratory research teams into one. Eliminate in-
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FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

high energy density and long cycle and calendar life.
Team one will gain a better fundamental
understanding of the silicon electrolyte interphase
and through this knowledge develop strategies to
stabilize this surface. Team 2 will try to reduce
silicon particle and electrode expansion, develop
stabilized coating technologies, and explore novel
binder and processing techniques. In addition,
National Laboratory-based silicon particle synthesis
and scale-up tasks will aim to develop a stable
consistent source of active material that will support
uninterrupted R&D at National Laboratories and
industry.

Funding will support approximately 20 laboratory
projects to develop and synthesize high voltage/high
capacity cathode materials and high-voltage
electrolytes. Develop processes to scale up two to
three cathode materials and one to two electrolyte
components from lab quantities (grams) to batch
guantities of (tens of kg).

Establish a Lithium Battery R&D Recycling Center
focused on cost-effective recycling processes to
recover critical lithium battery materials from
current and future electric vehicle batteries.
Specifically, work will commence with an analysis of
cathode and associated battery material recycling
and reuse issues affecting battery recycling; material
supply, transportation, and regulatory issues.

high energy density and long cycle and calendar
life. Research is expected to gain, and test, a
better fundamental understanding of the silicon
electrolyte interphase and how this relates to
water content in the cell as well as soluble
reaction components.

Funding will support 10-14 laboratory projects
focused on the development and synthesis of
high voltage/high capacity cathode materials,
high voltage electrolytes, and low or “no” cobalt
cathode materials. Develop processes to scale up
these materials from lab quantities (grams) to
batch quantities (tens of kilograms). Research will
focus on the engineering and batch scale-up of
one to three new, innovative cathode or
electrolyte materials.

Funding will support two to four projects from
the 2018 laboratory call through the Lithium
Battery R&D Recycling Center. Research will focus
on developing cost-effective material recovery
innovations for recycling to next generation
battery materials.

house silicon particle synthesis and scale up
activities. Prior year obligations will continue to
fund projects focused on particle coating
technologies and binder materials.

Downselect 10-14 laboratory projects (from 21)
focusing on low cobalt or critical materials-free
cathodes over high voltage and high capacity
materials. Prior year obligations will continue to
fund industry, university, and laboratory projects
that were competitively selected in FY 2018 to
develop new cathode materials that contain
significantly less critical materials (such as cobalt).

Support two to four laboratory research projects
through the Lithium Battery R&D Recycling
Center to assure sustainability of lithium-ion
battery materials, support long-term availability
of critical materials, and identify research
pathways to further reduce the cost of battery
materials.

Launch Lithium Battery Recycling Prize, a
competition with a series of progressive down
selections to incentivize the nation’s innovators and
entrepreneurs to develop and demonstrate

Downselect up to ten Lithium Battery Recycling
Prize Phase Il winners and invite them to Phase
1.

Continue operations and evaluations for the
Lithium Battery Recycling Prize. Move from Phase
| to Phase Il

Energy Efficiency and Renewable Energy/
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FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

processes that, when scaled, have the potential to
profitably capture 90 percent of all lithium-based
battery technologies in the United States. Select up
to 25 Phase | winners invited to enter Phase Il.

Advanced Battery Cell R&D $42,500,000

$6,000,000

-$36,500,000

e Funding will support competitively selected, cost-
shared DOE/USABC projects to lower battery costs
to $100/kWh that focus on research to significantly
reduce battery cell and pack cost, increase
performance and life, and are capable of fast charge
in less than 15 minutes. This work will focus on
lower-cost batteries capable of fast charge in less
than 15 minutes and novel prelithiation techniques
to advance silicon materials.

Continue support for five National Laboratory
research projects competitively selected from the
2018 Lab Call to understand and support battery
extreme fast charging capability. Research will focus
on understanding the electrochemical factors that
inhibit fast charging (15 minutes or less) in lithium-
ion batteries. This research activity will identify
factors primarily responsible for battery degradation
due to extreme fast charging conditions and identify
research pathways with the highest potential to
support extreme fast charge in PEVs.

Support 25-30 high fidelity battery performance,
life, thermal response, and safety testing projects at
four National Laboratories.

¢ No funding is requested in FY 2020 for new

DOE/USABC projects.

e Fund National Laboratory projects to extend and

refine the fidelity of computational models as
they relate to the fundamental limits of battery
performance during fast charge. Specifically,

enhancements to the microstructure, electrolyte

transport and cathode models will be developed
through laboratory annual operating plans.

Support competitively selected, cost-shared
research projects focused on technologies with
the potential to achieve cost targets and that
significantly reduce or eliminate dependence on
critical materials (such as cobalt) and utilize
recycled material feedstocks.

Consolidate high fidelity performance and life
battery testing from four to one National
Laboratory and down select 8 to 12 of the most
promising projects.

e Prior year obligations will fund USABC projects
awarded in FY 2018-2019. The research portfolio
will be down selected to four to six of the most
promising projects in FY 2020.

e Support will be reduced from five National
Laboratories to one.

e Support new technologies with the potential to
achieve cost targets and that significantly reduce
or eliminate dependence on critical materials
(such as cobalt) and utilize recycled material
feedstocks.

e Reduce high fidelity performance and life battery
testing to one National Laboratory and support
from 8 to 12 of the most promising advanced
battery cell testing projects.
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FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Behind the Meter Storage (BTMS) $2,500,000

$4,000,000

+$1,500,000

e Launch the Behind the Meter Storage (BTMS) effort
by developing metrics and targets for battery
storage systems, PV energy generation, and energy-
efficient buildings within the BTMS application space
through National Laboratory projects. A systems
level approach will develop standardized testing
procedures, baseline power electronics
requirements, and perform initial cost analysis.

e The National Laboratory project will explore,
develop, and test alternative, critical materials-
free energy storage technologies applicable to
PEVs and that have the potential to reduce the
cost and potential grid impacts of high power
charging systems.

e Through competitively selected, cost-shared
projects, research innovative critical materials-
free battery designs with the potential to
overcome the technical barriers and achieve cost
goals.

e Move from system concepts and requirements
stage to research and testing on concepts
identified in FY 2019.

e Support technology research and system
development.

Electrification R&D $31,200,000

$5,000,000

-$26,200,000

o This activity will focus on the higher power, extreme
fast charging (300-400 KW) communications,
controls, and cybersecurity research related to
vehicle and charging equipment through two
laboratory and three competitively selected
projects.

e The two laboratory cybersecurity projects will
reduce tasking and limit R&D focus to the most
critical areas identified through risk assessments
and threat analysis.

e No new laboratory work initiated. Funds will
support continuing two laboratory projects at
reduced scope, to focus on the most critical
areas identified through risk assessments and
threat analysis.

e Three National Laboratory projects will focus on
enabling extreme fast charging by identifying
barriers and reducing grid impacts of EV charging
through control and optimization.

e Support research at two National Laboratories to
develop innovations in dynamic wireless charging
technologies including dynamic speed limitations
and measuring stray fields.

e Continue the three laboratory-led projects to
create hardware and system models as well as
develop power and charge control methods and
hardware.

e Continue to fund two wireless charging research

projects at National Laboratories, but focus effort

on increasing power transfer rates through
elevated or concentrating fields. Design,

assemble, and functional components to validate

high power transfer capability.

e Laboratory projects focused on characterizing
power requirements for medium and heavy duty
vehicles will complete.

e Narrow the scope of both National Laboratory
projects to emphasize research on wireless
power transfer and eliminate research focused
on electromagnetic field reduction techniques.

Electric Drive Technologies R&D $22,000,000

$4,400,000

$-17,600,000

e Support three multi-lab/university teams to develop
high-power density electric drive systems. Initiate
two to four competitively awarded projects

e Continue to fund Laboratory/university teams

only targeting individual drive system component

and subcomponent improvements.

e Laboratory/university teams will reduce overall
tasking by delaying system level research and
instead develop subsystem level advancements.

Energy Efficiency and Renewable Energy/
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Explanation of Changes

FY 2019 Enacted FY 2020 Request FY 2020 Request vs FY 2019 Enacted

supporting early-stage research of extreme high
power density motor and power electronics that
have the potential to support radical new vehicle
architectures by dramatic volume/space reductions
and increased durability and reliability.

e Fund competitively awarded, cost-shared projects ¢ No funding will be requested for this area in e Prior year obligations will fund the projects
that support broad electrification across vehicle 2020. Projects initiated in FY 2019 will provide competitively awarded in FY 2019.
platforms including advancements in vehicle data on electrification benefits including potential
charging and mitigating grid impacts. Leverage grid support and services.

National Laboratory capabilities to develop
innovative technologies and systems to manage
electric vehicle fast charging power and energy
needs and assure grid reliability, integrity, resiliency,
and efficiency.

Energy Efficiency and Renewable Energy/
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Vehicle Technologies
Energy Efficient Mobility Systems

Description

The Energy Efficient Mobility Systems (EEMS) subprogram supports early-stage research to support industry innovation that
improves the affordability and energy productivity of the overall transportation system. Initial DOE analysis indicates that
the future energy impact of connected and automated vehicles is highly uncertain and may be quite large, ranging from a
potential 60 percent reduction in overall transportation energy use to a 200 percent increase in energy consumption. EEMS
will apply complex modeling and simulation expertise, experience with data science and artificial intelligence, and high-
performance computing capabilities unique to DOE National Laboratories to explore the energy and mobility impacts of
emerging disruptive technologies such as connected and automated vehicles, information-based mobility-as-a-service
platforms, and advanced powertrain technologies to identify and develop innovative mobility solutions that improve energy
productivity, lower costs for families and business, and support the use of secure, domestic energy sources. The EEMS
subprogram consists of four primary activities: the SMART Mobility National Laboratory Consortium, high performance
computing-enabled data analytics, advanced mobility technology research, and core evaluation and simulation tools. The
subprogram’s overall goal is to identify pathways and develop innovative technologies and systems that can dramatically
improve mobility energy productivity when adopted at scale. The EEMS subprogram is completing the development of a
quantitative metric for mobility energy productivity, which measures the affordability, efficiency, convenience, and
economic opportunity derived from the mobility system, which will be used by the program to evaluate success, and by the
transportation community to inform planning decisions. The metric will be applicable to both light-duty and heavy-duty
vehicles and systems.

The SMART (Systems and Modeling for Accelerated Research in Transportation) Mobility National Laboratory Consortium
(57,000,000) will develop new knowledge and understanding of the energy efficiency and mobility opportunities from
future transportation technologies and applications, and it will conduct pioneering research and development of mobility
solutions that benefit the U.S. economy and improve American competitiveness in the transportation sector. Efforts within
the multi-laboratory SMART Mobility Consortium are organized into three coordinated research thrusts, representing a
multi-disciplinary approach that is beyond the scope or capability of a single company or organization:

e Connected and Automated Vehicles: Research focuses on understanding the energy efficiency opportunity presented by new
vehicle connectivity and automation solutions, including simulation and validation of how these technologies will performin
real-world operation.

e Multi-Modal Freight Transportation: Research focuses on identifying and removing barriers to new cost-effective, efficient
modes of freight transportation, including long-distance transport and last-mile delivery.

e Infrastructure, Land-Use, and Traveler Response: Research evaluates the infrastructure requirements and traveler response to
new mobility technologies and services, including fueling, charging, communication, traffic management, and new
transportation modes, and analyzes the long-term evolution of land-use and the built environment as it relates to mobility and
quality of life.

The high performance computing-enabled data analytics effort ($3,500,000) will use unique National Laboratory capabilities
to research how to apply artificial intelligence, machine learning, and data science tools to improve vehicle and
transportation efficiency. The exponential growth in available transportation-related data presents opportunities to
evaluate and improve mobility and energy efficiency at the city and regional transportation network level, but challenges
exist in management, analysis, and visualization of these large and complex data sets. The EEMS subprogram and its
National Laboratories are highly-qualified and well-positioned to use their unique expertise in artificial intelligence,
machine learning, and high-performance computing to develop actionable information from big data to identify the most
promising research pathways leading to more energy efficient transportation systems. High performance computing-
enabled data analytics represents a targeted multi-laboratory effort that merges the exploratory findings of the SMART
Mobility Consortium, specific data sets from public and private entities, and unparalleled computational and analytical
resources to solve specific transportation energy challenges faced by cities, states, and regions of the U.S.

Through competitively selected projects, the advanced mobility technology research activity ($3,000,000) will support
private sector efforts to accelerate the transfer of laboratory mobility research results and discoveries from the SMART
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Mobility Consortium and the high performance computing-enabled data analytics activity. By partnering with industry, the
EEMS subprogram will identify barriers and create novel solutions to improve the transition of efficient automated vehicle
technologies, optimized transportation planning and operational tools and methods, and breakthrough connected mobility
systems to practical use. This will be accomplished through the use of state-of-the-art mobility testbeds to generate real-
world validation data and collaboration to ensure that EEMS research is aligned with stakeholder needs.

In partnership with the National Laboratories, the core evaluation and simulation tools activity ($1,5000,000) will develop
and maintain a critical set of modeling, simulation, and experimental evaluation capabilities that support Vehicle
Technologies’ early-stage research, development, and analysis of advanced vehicle components, powertrains, vehicles, and
transportation systems. Fundamental to all other EEMS research activities, these capabilities include vehicle and
component test procedure development, highly instrumented proof-of-concept hardware evaluation, transportation
system controls algorithm validation, high-fidelity physical simulation, and transportation data management.
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Energy Efficient Mobility Systems
Activities and Explanation of Changes

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted
-$25,500,000
o The first phase of SMART Mobility Laboratory

FY 2019 Enacted FY 2020 Request

$15,000,000
e Funds will support the following three priority

Energy Efficient Mobility Systems $40,500,000
e Perform modeling, simulation, analysis, and

experimental testing in the SMART Mobility
Laboratory Consortium through 35 projects
coordinated under five research pillars: connected
and automated vehicles, urban science, multi-
modal freight transport, and advanced fueling
infrastructure.

Develop the data science and high performance
computing framework needed to build next-
generation mobility systems models and
operational analytics, to address energy-specific
transportation system problems at geographic and
temporal scale

Initiate two to four advanced research and
development projects to develop cost-effective
approaches to improve the system-level efficiency
of a traffic network.

Update core vehicle modeling and simulation
tools, including the Autonomie software, and
establish new connected and automated vehicle
validation capabilities. Initiate a new National
Laboratory effort to develop a transportation data
management and sharing platform.

research pillars of the SMART Mobility Laboratory
Consortium: connected and automated vehicles,
multi-modal freight transportation, and
infrastructure, land use, and traveler response.
Efforts will build upon the first phase and focus on
creating more robust results through improved
models that represent additional transportation
technologies and services, applied to more
locations, and evaluate additional future
scenarios.

In the second year of three previously selected
National Laboratory projects, apply high
performance computing-enabled data science
methods to a single regional mobility system, and
demonstrate faster-than-real-time transportation
system simulations that support predictive
analytics for large-scale system optimization.
Competitively selected, cost-shared projects will
identify real-world barriers and develop solutions
for a single mobility concept through test-bed
validation and data dissemination.

Maintain and operate core vehicle energy
consumption and data management tools critical
to support early-stage mobility research.

Consortium will conclude with a series of five
capstone reports summarizing the methods,
results, insights, and conclusions of each of the
research pillars. For the second phase, SMART
Mobility research will consolidate the urban
science, mobility decision science, and advanced
fueling infrastructure pillars.

e Data science and computational methods
developed in FY 2019 will be applied to a real-
world transportation case study to validate their
performance.

e New projects focused on transitioning the highest
impact results from laboratory-based research to
the real world.

e Support core laboratory modeling and simulation
activities, with a focus on maintenance of critical
vehicle modeling and validation capabilities
required to support system-level research.

Energy Efficiency and Renewable Energy/
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Vehicle Technologies
Advanced Engine and Fuel Technologies

Description

The Advanced Engine and Fuel Technologies subprogram supports early-stage R&D to improve our understanding and
ability to manipulate combustion processes, fuel properties, and catalyst formulations, generating the knowledge and
insight necessary for industry to develop the next generation of engines and fuels for light- and heavy-duty vehicles. As a
result, co-optimization of higher-efficiency engines and high performance fuels has the potential to improve light-duty fuel
economy by 35 percent (25 percent from advanced engine research and 10 percent from co-optimization with fuels) by
2030 compared to 2015 gasoline vehicles.

The subprogram supports cutting-edge research at the National Laboratories, in close collaboration with academia and
industry, to strengthen the knowledge base of high-efficiency, advanced combustion engines, fuels, and emission control
catalysts. The Advanced Engine and Fuel Technologies subprogram will apply the unique facilities and capabilities at the
National Laboratories to create knowledge, new concepts, and research tools that industry can use to develop advanced
combustion engines and co-optimize with fuels that will provide further efficiency improvements and emission reductions.
These unique facilities and capabilities include the Combustion Research Facility at Sandia National Laboratory, Advanced
Photon Source at Argonne National Laboratory, Institute for Integrated Catalysis at Pacific Northwest National Laboratory,
detailed fuel chemistry expertise at the National Renewable Energy Laboratory, chemical kinetic modeling and mechanism
development at Lawrence Livermore National Laboratory, and the Spallation Neutron Source at Oak Ridge National
Laboratory, along with their high performance computing resources and initial work to utilize future exascale computing
resources.

The subprogram will work closely with the DOE Office of Science to build on basic research results. It will use a multi-
laboratory initiative, including high performance computing and hardware in-the-loop resources, for early-stage research to
optimize the efficiency of on- and off-road medium- and heavy-duty vehicles. The subprogram has four major activities:
predictive modeling, experimental combustion including fuels and engines, emissions control, and crosscutting medium-
and heavy-duty vehicle and engine technologies.

Funds will support National Laboratory development of predictive, high-fidelity submodels and simulation tools
(51,700,000) that are scalable and can leverage future exascale computing capabilities. These tools will use high
performance computing to simulate and accurately predict the fundamental processes that occur in engines, including fuel
injection sprays, heat transfer, turbulence, flame propagation, and emissions formation, to achieve results that are
comparable to detailed experiments. The subprogram will fund early-stage research of fuel properties utilizing chemical
kinetics modeling of different molecules to determine their impact on combustion efficiency and emissions. It will also
develop numerical routines and sub-models of complex chemical reactions that can reduce the computational time and
increase the accuracy required for high fidelity engine models, making them viable as engine design models for industry.

Experimental combustion projects conducted by the National Laboratories ($3,900,000) will support the new exascale
modeling initiative through development of experimental data to establish quantitative relationships between fuel
properties and efficiency improvement potential for engines operating in advanced compression ignition combustion and
multi-mode spark ignition/compression ignition regimes. Advanced laser, high-intensity X-Ray, and neutron-based optical
diagnostics will be conducted to determine how fuel injection, air mixing, and combustion take place in the engine and how
emissions are formed. In combination, the knowledge from this research will help companies develop a new generation of
multi-mode and low-temperature combustion engines with higher efficiency and lower emissions.

The knowledge and high-fidelity models developed for combustion, fuels, and emission control will be available for use by
industry (through licensing or development by industry suppliers of commercial tools based on the fundamental models) to
design, develop, and deploy more efficient and clean engines. Industry does not have the unique facilities and scientific
capabilities that are available at the National Laboratories to conduct this early-stage R&D. The subprogram will utilize cost-
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shared CRADAs and pre-competitive research to address critical industry needs while still leveraging unique National
Laboratory resources.

Funds will also support early-stage research to improve the efficiency of natural gas engines ($1,000,000) while reducing
their cost. The subprogram will conduct research on topics including high-efficiency lean-burn engine technologies; on-
board fuel storage, coordinated with related research in the Fuel Cell Technologies Program; and accompanying emission
control systems that have the potential to increase efficiency by 15-25 percent, making them comparable to diesel engines
and reducing the payback period to attract fleet buyers.

The subprogram will fund experiments conducted by the National Laboratories ($1,200,000) using high-resolution
microscopy for understanding chemical reactions at the atomistic level on catalyst surfaces and within the catalysts that
have the potential to reduce emissions at the low exhaust temperatures from high-efficiency engines. New catalyst
compounds with higher activity and lower costs will be synthesized and models to simulate the chemical reaction rates
using high performance computing will be developed.

A multi-laboratory consortium ($1,200,000) will focus on crosscutting on- and off-road medium- and heavy-duty vehicle and
engine technologies that will identify new barriers and enabling technologies to achieve significant gains in energy
efficiency. Trucks move 11 billion tons of freight in the U.S., and this is expected to grow and shift as more people order
goods to be delivered to homes. The goal of this consortium is to conduct coordinated early-stage research at National
Laboratories having unique facilities and capabilities specific to heavy-duty vehicles. Technologies will include both
traditional combustion engine architectures as well as new opportunities to partially or fully electrify truck operations or
use systems approaches to reduce energy during operation. The subprogram will coordinate with and utilize expertise from
other subprograms as needed.
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Activities and Explanation of Changes

Advanced Engine and Fuel Technologies

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Advanced Engine and Fuel Technologies $9,000,000 -$55,000,000
$64,000,000
Predictive Modeling of Engine Combustion and Fuels  $1,700,000 -$2,600,000

$4,300,000

e Develop computer simulations and submodels of
engine combustion and fuels, including adaption
for future exascale-based high performance
computing using facilities at the National
Laboratories. Includes modeling of fuel injection
sprays, intake and exhaust flows and heat transfer
processes, chemical kinetics mechanisms of
combustion and fuels, and air-fuel motion and
mixing inside an engine along with movement of
internal engine components, and numerical
techniques to reduce processing time.

e Develop high fidelity submodels for fuel sprays
and in-cylinder turbulence for adaption to future
exascale-based high performance computing at
the National Laboratories. Develop detailed
chemical kinetic models of fuel reactions and
emissions formation in the combustion process.

Focus on high fidelity submodels and detailed
chemical kinetic models while maintaining some
effort to develop numerical techniques that
decrease processing time. Defer work on
predictive engine models, heat transfer
submodels.

Lean/Next Generation Combustion Engines and
Fuels R&D and Heavy-Duty Combustion Engines and
Fuels R&D $24,700,000

$3,900,000

-$20,800,000

e Conduct engine and fuels research at National
Laboratories through ten projects focused on
single-cylinder engines and two projects focused
on multi-cylinder engines. This work supports
fundamental combustion research in optically
accessible engines using laser, high intensity X-Ray,
and neutron-based diagnostics for fuel injection
spray visualization and advanced ignition systems
to provide experimental validation for simulation
models. Generate chemical kinetics data using a
rapid compression machine.

e Use advanced research tools at the National
Laboratories (e.g., laser, X-ray light source) to
improve the fundamental understanding of
advanced combustion processes and emissions
formation inside an operating engine. Use
experimental results from three single-cylinder
engines to validate and enhance engine
simulations and submodels.

e Prioritize efforts on applying advanced research
tools to validate engine simulations and
submodels. Reduce efforts to generate
experimental chemical kinetics data. Defer lower
priority work on seven single- and two multi-
cylinder engines for experimental validation of
simulation models.

e Support more than 40 projects at National
Laboratories, with industry, and universities on

e Support approximately 10 Co-Optima projects at
National Laboratories. Focus fuel research on

e Reduce support for Co-Optima work at National

Laboratories to focus on multi-mode and
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FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

the Co-Optimization of Engines and Fuels (Co-
Optima). Focus fuel research on performance
tailored bio-derived, synthetic and petroleum-
based blend stocks to improve combustion
efficiency. Focus engine research on multi-mode
(kinetically controlled/spark ignition) engine
technologies and on determining fuel properties
that maximize engine performance under
kinetically controlled operation. Investigate
kinetically controlled combustion for heavy-duty
application.

performance tailored bio-derived, synthetic and
petroleum-based blend stocks to improve
combustion efficiency. Focus engine research on

multi-mode (kinetically controlled/spark ignition)

engine technologies.

kinetically controlled combustion; eliminate
heavy-duty research within Co-Optima.

Catalyst R&D for Emission Control/After-Treatment
$4,000,000

$1,200,000

-$2,800,000

e Support four cost-shared CRADAs with industry to
address advanced emission control technologies.

e Support up to two cost-shared CRADAs with
industry to address advanced emission control
technologies.

e Eliminate two to three lower-priority CRADAs with
industry.

e Conduct two atomistic-scale design projects and
scalable synthesis of multi-functional catalyst for
emissions reduction at low exhaust temperatures.

Conduct one research project on single atom
catalysis to improve conversion efficiency and
reduce precious metal content at the National
Laboratories.

e Focus efforts on key priorities related to emissions
control and catalysis.

e Develop computer models needed to produce the
kinetics and mechanistic information for
simulating chemical reactions within and on
catalyst surfaces to predict the performance of
lean NOx trap (LNT) and selective catalytic
reduction (SCR) catalysts, as well as advanced
multi-functional emission control systems.

e Conduct research to develop kinetic and
mechanistic models of catalyst and substrate
materials to predict performance of emissions
control systems for multi-mode combustion.

e Eliminate support for advanced multi-functional
emission control systems research and NOx traps
for diesel engines at National Laboratories.

On- and Off-road Medium/Heavy duty Vehicle and
Engine Technologies $10,000,000

$1,200,000

-$8,800,000

e Establish new multi-lab research consortium
focused on engine- and vehicle-level technologies
applicable to both on- and off-road medium- and
heavy-duty vehicles. The consortium will integrate
and coordinate related work in the areas of waste

o Utilize a multi-laboratory consortium to conduct
early-stage analysis, modeling and
experimentation on engine and vehicle
technologies applicable to both on and off road
medium- and heavy-duty vehicles, including

e Discontinue research focus on waste heat
recovery systems.
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FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

heat recovery, combustion, electrified driveline
systems and powertrain hybridization, and
operational systems that can reduce fuel
consumption through more efficient operation.

combustion, electrified driveline systems and
hybridization of the powertrain, and efficient
operational systems that can reduce fuel
consumption by bringing these technologies
together in a coordinated effort.

e |nitiate up to two new competitively selected
industry/university awards for off-road vehicles
based on stakeholder input.

¢ No funding requested.

Activities will continue to cost obligated carryover
until completion.

Natural Gas Engine Technology R&D $15,000,000

$1,000,000

-$14,000,000

e Conduct natural gas engine technology R&D
focused on reducing vehicle total cost of
ownership, improving natural gas engine
efficiency and emissions, and expanding natural
gas engine and vehicle availability through nine
awards to industry and universities.

e Conduct two to three early-stage research
projects at the National Laboratories to improve
the efficiency of natural gas engines while
reducing their cost.

Focus only on early-stage research at the National
Laboratories to improve engine efficiency to
approach diesel efficiency.

o |nitiate three to six new competitively-awarded
projects in cooperation with the Hydrogen and
Fuel Cell Technologies Program, focused on
advanced gas storage technologies.

e Conduct one to two research projects at the
National Labs for improved natural gas storage
technologies in coordination with related work in
the Hydrogen and Fuel Cell Technologies Program.

Focus only on early-stage research at the National
Laboratories to identify innovative on-board
natural gas storage technologies.

e Complete a multi-lab study of research
opportunities and potential benefits associated
with medium- and heavy-duty natural gas
vehicles.

¢ No funding requested.

Multi-lab study completed in FY 2019.

SuperTruck Il

e Through five competitively-awarded projects,

develop energy efficient powertrain technologies

that will improve commercial vehicle engine
efficiency by 30 percent and freight hauling

efficiency of heavy-duty Class 8 long-haul vehicles
by greater than 100 percent in 2020, compared to

a 2009 baseline vehicle, and demonstrate
applicability and cost-effectiveness of these
technologies to heavy-duty Class 8 regional-haul
vehicles.

¢ No funding requested.

Activities will continue to cost obligated carryover
until completion. Some portions of the originally
awarded cost share projects to build a physical
prototype will be reduced or eliminated.
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Vehicle Technologies
Materials Technology

Description

The Materials Technology subprogram supports early-stage R&D of technologies for vehicle lightweighting and improved
propulsion (powertrain) efficiency applicable to light- and heavy-duty vehicles. The Materials Technology research portfolio
supports the Vehicle Technologies goals’ of affordable transportation and energy security. Reducing the weight of a
conventional passenger car by ten percent results in a six to eight percent improvement in fuel economy, and similar
benefits are achieved for battery electric and heavy-duty vehicles. Research focuses on activities that have a high degree of
scientific or technical uncertainty or that are too far from market realization to merit sufficient industry emphasis and resources.
The Materials Technology subprogram accomplishes its technical objectives through research programs with academia,
National Laboratories, and industry.

Subprogram activities focus on the following cost and performance targets, which contribute to Vehicle Technologies

program level goals:

e Enable a 25 percent weight reduction for light-duty vehicles including body, chassis, and interior as compared to a 2012 baseline
at no more than a $5/lb.-saved increase in cost by 2030;

e Validate a 25 percent improvement in high temperature (300° C) component strength relative to components made with 2010
baseline cast aluminum (AL) alloys (A319 or A356) for improved efficiency light-duty engines by 2025.

Propulsion Materials Technology ($2,500,000) supports research at National Laboratories to develop higher performance
materials that can withstand increasingly extreme environments and address the future properties of a variety of relevant,
high-efficiency powertrain types, sizes, fueling concepts, and combustion modes. The activity will continue to apply
advanced characterization and multi-scale computational materials methods, including high performance computing (HPC),
to accelerate discovery and early-stage development of cutting-edge structural and high temperature materials for more
efficient powertrains. In FY 2020, research will focus on (1) the development of high temperature materials for high
efficiency engines for heavy-duty and light-duty vehicles, (2) the development of predictive models for powertrain
materials, and (3) Integrated Computational Materials Engineering (ICME) tools that use HPC capabilities, multi-length
(atoms to components) material models, and boundary layer resolved thermo-kinetic models. Each of these activities will
be led by National Laboratories with industry cost-shared agreements due to the required expertise and use of very high-
resolution characterization tools and high performance computing facilities, which are beyond the capabilities available to
most industry partners. The Propulsion Materials portfolio is closely aligned with other Vehicle Technologies subprograms
to identify critical future materials needs for next generation high-efficiency powertrains for both heavy- and light-duty
vehicles that are beyond current market drivers.

Lightweight Materials Technology ($2,500,000) supports National Laboratory research in advanced high-strength steels,
aluminum (Al) alloys, magnesium (Mg) alloys, carbon fiber composites, and multi-material systems with potential
performance and manufacturability characteristics that greatly exceed today’s technologies. This includes projects
addressing materials and manufacturing challenges spanning from atomic structure to assembly, with an emphasis on
establishing and validating predictive modeling tools for materials applicable to light- and heavy-duty vehicles. In FY 2020,
the subprogram will fund research conducted by the National Laboratories with a focus on new joining technologies for
multi-material structures in vehicles. The complex metallurgical, chemical, and mechanical behavior associated with the
formation of intermetallic compounds, electrochemical reactions, and stress-strain states that exist in joining are not well
understood and are outside of the core competencies of industry. Vehicle Technologies has the unique ability to create
partnerships among academia, National Laboratories, and all aspects of the industrial supply chain in order to find solutions to
these technical challenges that any one entity could not achieve on their own.
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Materials Technology
Activities and Explanation of Changes

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted
-$25,000,000
$11,500,000
e Joining Core Program research on galvanic

FY 2019 Enacted FY 2020 Request

Materials Technology $30,000,000 $5,000,000
Lightweight Materials Technology $14,000,000 $2,500,000
e Expand the Joining Core Program, a multi-lab e Support the Joining Core Program research effort

research effort, to include new research on
galvanic corrosion of dissimilar joints, in-line
process control of joining technologies, and
exploratory seedling projects in addition to
continuing the development of joining methods
for Carbon Fiber Reinforced Plastics (CFRP) to
Steel, Mg to Steel, and CFRP to Mg material pairs
through advanced computer modeling of the
material interfaces expected to result in at least
six peer reviewed publications.

e Support composite materials research at the
National Laboratories, including the operation of
the CFTF at ORNL, funding three to five new
projects on composite materials targeting specific
on-vehicle applications, and continued funding for
one research project focused on novel additively
manufactured hierarchical composite materials.

e Initiate one National Laboratory research project
on solid phase processing techniques that result
in lightweight automotive metal alloys with novel
microstructure and properties. Initiate research
on solid phase processing techniques that result
in lightweight automotive metal alloys with novel
microstructures and properties.

e Initiate five new CRADA projects utilizing the
LightMAT Consortium to engage the automotive
industry in accelerating the discovery and
development of advanced materials technology.
Initiate five new CRADA projects utilizing the

to build upon advanced computational modeling
of interfaces completed in FY 2019 to further
develop novel joining technologies for Mg-Steel,
CFRP-Steel, and CFRP-Mg material pairs.

¢ No funding requested.

¢ No funding requested.

¢ No funding requested.

corrosion of dissimilar joints, in line process
control of joining technologies, and exploratory
seedling projects will be deprioritized.
Exploratory seedling projects initiated in FY 2019
will continue using prior-year funds.

FY 2019 projects will continue to outlay obligated
carryover until completed.

FY 2019 projects will continue to outlay obligated
carryover until completed.

FY 2019 projects will continue to outlay obligated
carryover until completed.
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Explanation of Changes

FY 2019 Enacted FY 2020 Request vs FY 2019 Enacted

FY 2020 Request

LightMAT Consortium to engage the automotive
industry in accelerating the discovery and
development of advanced materials technology.
Propulsion Materials Technology $16,000,000
e Launch the Powertrain Core Program, a multi-lab

$2,500,000
e Fund two research tasks focused on the

-$13,500,000
e Research of additive manufacturing for

research effort, to support five research areas to
enable powertrain weight reductions and
efficiency improvements over a wide range of
vehicle classes, and utilize integrated
computational materials engineering (ICME)
approach to address materials needs for
developing a suite of next generation powertrain
materials.

Through two to four competitively selected, cost-
shared research projects, design and demonstrate
a lightweight high-efficiency engine to enable a 25
percent fuel economy improvement and 15
percent powertrain weight reduction relative to a
2015 baseline.

development of high temperature materials for
high-efficiency engines for both heavy- and light-
duty vehicles through the National Laboratory
Powertrain Core Program resulting from 2018 Lab
Call.

¢ No funding requested.

powertrain materials, advanced characterization
and computational methods, and exploratory
seedling projects initiated in FY 2019 through the
Powertrain Core Program will be deprioritized.

Research on this topic will be conducted by the
National Laboratories only through the
Powertrain Core Program. No new competitively
selected projects will be initiated; projects
started in FY 2019 will continue using prior-year
funds.
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Vehicle Technologies
Technology Integration

Description

The Technology Integration subprogram covers a broad technology portfolio that includes alternative fuels (e.g., biofuels,
electricity, hydrogen, natural gas, propane) and energy efficient mobility systems. These technologies can strengthen
national security through fuel diversity and the use of domestic fuel sources, reduce transportation energy costs for
businesses and consumers, and support energy resiliency with affordable alternatives to conventional fuels that may face
unusually high demand in emergency situations.

In FY 2020, the subprogram will provide minimal support to Data and Systems Research activities ($2,000,000), which
include “living lab” projects — competitively selected, cost-shared projects to validate data, technologies, and systems in the
field and inform future research — as well as statutory requirements related to alternative fuels, the annual Fuel Economy
Guide, ! and the State and Alternative Fuel Provider Fleet regulatory program. 2 Technology Integration also includes the
Advanced Vehicle Competitions activity, which supports science, technology, engineering, and mathematics (STEM) and
workforce development interests. The Advanced Vehicle Technology Competitions activity (51,500,000) supports a
collegiate engineering competition that provides hands-on, real-world experience in advanced vehicle technologies and
designs. By engaging university students in advanced technology research and providing specialized training, the Advanced
Vehicle Technology Competitions activity helps address workforce development needs for more highly trained engineers
and supports national efforts that encourage students to pursue careers in science, technology, engineering, and math.

1 vehicle Technologies’ Alternative Fuels Data Center (AFDC) responds to section 405 of the Energy Policy Act of 1992,
which requires a public information program about the costs and benefits of alternative fuels for motor vehicles; the Fuel

Economy Guide, required by the Energy Policy and Conservation Act of 1975, requires the Department to publish and
distribute the annual guide in partnership with the U.S. Environmental Protection Agency.

2 The State and Alternative Fuel Provider Fleet Program is required by sections 501 and 507 of the Energy Policy Act of
1992.
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Vehicle Technologies
Technology Integration

Explanation of Changes

FY 2019 Enacted FY 2020 Request FY 2020 Request vs FY 2019 Enacted
Technology Integration $41,300,000 $3,500,000 -$37,800,000
Data and Systems Research $38,000,000 $1,500,000 -$36,500,000

¢ In accordance with “Public Information Program”
requirements in section 405 of the Energy Policy
Act of 1992, update alternative fuel, vehicle, and
infrastructure information, including station
locator and cost calculator tools, incentives
database, and fuel-savings strategy information in
the Alternative Fuels Data Center.

e Initiate Technology Integration Living Lab projects
to collect data, validate technology, and provide
real-world technology usage feedback to inform
Vehicle Technologies research planning efforts.

¢ In accordance with requirements in the Energy
Policy and Conservation Act of 1975, publish and
distribute the new model year Fuel Economy
Guide, in partnership with the U.S. Environmental
Protection Agency, update data and tools (e.g.

Find-a-Car, Fuel Cost & Savings Calculator) and fuel

economy information on www.fueleconomy.gov.

e Support cooperative agreements with Clean Cities
coalitions to align local activities with national
objectives for energy security and cost-effective
transportation energy. Provide training and
technical assistance support, leveraging National
Laboratory expertise, to overcome technical
barriers to alternative fuel vehicle adoption at the
local level.

e Funds supporting the provision of alternative fuel
information will be limited to what is necessary for
annual updates to alternative fuel, vehicle, and
infrastructure information, in accordance with
section 405 of the Energy Policy Act of 1992.

Support up to two small living lab projects to
collect data and provide feedback on real-world
technology usage to inform future Vehicle
Technologies research plans.

Support vehicle fuel economy information for the
new model year Fuel Economy Guide, in
accordance with the Energy Policy and
Conservation Act of 1975.

No funding requested for coalition support,
training, technical assistance, and partnership
activities.

e Only basic updates to alternative fuel, vehicle, and
infrastructure information, in accordance with
section 405 of the Energy Policy Act of 1992, will
occur. No updates of other information and no
other system or overall improvements.

e Support fewer and smaller-scale living lab projects
that will collect data and provide feedback to the
research program for future needs.

e Support for the Fuel Economy Guide limited to only
what is required by the Energy Policy and
Conservation Act of 1975; limited mid-year
updates and other fuel economy information to
consumers eliminated.

o Activity terminated to address other program
priorities. Some activities will continue to cost
obligated carryover until completion.

State and Fuel Provider Fleet Requirements
$800,000

$500,000

-$300,000
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FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

e Track covered fleet compliance with annual
alternative fuel vehicle acquisition requirements, in
accordance with Title V of the Energy Policy Act of
1992.

e Track covered fleet compliance with annual
alternative fuel vehicle acquisition requirements, in
accordance with Title V of the Energy Policy Act of
1992.

e Minimal support to meet statutory requirements
as outlined in Title V of the Energy Policy Act of
1992.

Advanced Vehicle Technology Competitions
$2,500,000

$1,500,000

-$1,000,000

e Launch a new university student competition, “The
EcoCAR Mobility Challenge,” that provides science
and technology training for the future advanced
automotive workforce. Support student teams’
initial design phase, integrating advanced
powertrain technologies, electrification, Level 2
automation, and connectivity.

e Support a second year of the EcoCAR Mobility
Challenge, during which student teams will
continue to refine designs developed in FY 2019
and begin hardware implementation.

e Support efforts enabling an additional phase of
student teams’ vehicle design, development, and
engineering.
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Vehicle Technologies
Analysis

Description

The Analysis subprogram provides critical information and analyses to prioritize and inform Vehicle Technologies research
portfolio planning through technology-, economic-, and interdisciplinary-based analysis, including target-setting and
program benefits estimation. FY 2020 funds will support vehicle data, modeling and simulation, and integrated and applied
analysis activities using the unique capabilities, analytical tools, and expertise resident in the National Laboratories. Trusted
and public data are critical to Vehicle Technologies efforts and are an integral part of transportation and vehicle modeling
and simulation. In addition, the Analysis subprogram supports the creation, maintenance, and utilization of vehicle and
system models to explore energy impacts of new technologies relevant to the Vehicle Technologies portfolio. The
subprogram also supports integrated and applied analyses that bring together useful findings and analysis of the energy
impacts of transportation systems through the integration of multiple models including vehicle simulation and energy
accounting of the entire transportation system. The result creates holistic views of the transportation system, including the
opportunities and benefits that advanced vehicle technologies create by strengthening national security, increasing
reliability, and reducing costs for consumers and businesses. Overall, Analysis activities explore energy-specific
advancements in vehicles and transportation systems to inform Vehicle Technologies’ early-stage research and offer
analytical direction for potential and future research investments.
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Analysis
Activities and Explanation of Changes

Explanation of Changes
FY 2019 Enacted FY 2020 Request FY 2020 Request vs FY 2019 Enacted

Analysis $5,000,000 $1,500,000 -$3,500,000
e Leveraging analytical capabilities and tools unique e Continue support for analytical capabilities and e The request focuses resources on the highest

to National Laboratories, use vehicle and tools and the use of vehicle and transportation priority analysis projects. Lower priority projects

transportation data and models to conduct data and models for technology-, economic-, and will be deferred.

technology-, economic-, and interdisciplinary- interdisciplinary- analyses that can inform and

analyses to inform and prioritize technology prioritize technology investments and research

investments and research portfolio planning. Funds portfolio planning. Funds will support four to six

will support 10 to 12 projects. projects.
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Bioenergy Technologies

Overview

The Bioenergy Technologies Program focuses on early-stage applied research and development (R&D) of transformative,
sustainable bioenergy technologies that can support a growing bioeconomy* to enhance U.S. energy security and energy
affordability. Price-competitive, advanced technologies to convert the Nation’s abundant domestic, renewable biomass and
waste resources into biofuels, biopower, and co-produced bioproducts are a key contributor to U.S. energy security,
economic productivity, and overall competitiveness. DOE is investing in cutting-edge technologies designed to produce
biofuels from non-food sources of biomass? such as wastes and agricultural residues, and from energy crops like
switchgrass and algae. The program’s primary focus is on R&D to produce “drop-in” biofuels that are compatible with
existing fueling infrastructure and vehicles across a range of transportation modes, including renewable-gasoline, -diesel,
and -jet fuels. The program also supports early-stage R&D on converting biomass into high-value chemicals, products and
power where they can enhance the economics of biofuel production and learn from the successful petroleum refinery
model.

The transportation sector accounts for 70 percent of U.S. petroleum consumption.3 With 20 percent (net) of U.S. petroleum
consumption being imported, the U.S. sends approximately $15 billion per month* overseas for crude oil. Transportation is
the second most expensive spending category, after housing.> Increasing domestic production of biofuels, biopower and co-
products can strengthen U.S. energy security by increasing domestic energy supply and increase the diversity of energy
sources to safeguard against supply disruptions and volatility. Additionally, the production of biofuels and biopower from
domestic biomass and waste feedstocks offers an opportunity to create American jobs across the supply chain and boost
economic growth.

By 2030, the U.S. has the potential to produce 1 billion dry tons of non-food biomass resources without disrupting
agricultural markets for food and animal feed.® This could potentially produce up to 50 billion gallons of biofuels (25
percent of U.S. transportation fuels), while also generating: up to 50 billion pounds of co-produced, high-value chemicals
and materials, up to 75 billion kWh of electricity (enough to power 7 million homes) and $260 billion to the U.S. economy.”
However, realizing this potential requires DOE to conduct early-stage R&D in areas that industry either does not have the
technical capability to undertake or there is too much technology uncertainty to merit sufficient industry focus.

To improve transportation energy affordability, strengthen national security, support energy dominance, and promote
future economic growth, DOE performs early-stage R&D on several advanced transportation technology options in the
Vehicle Technologies, Bioenergy Technologies and Hydrogen and Fuel Cell Technologies Programs. Common metrics across
all three of these programs have been developed to evaluate these advanced options compared to the lifecycle costs and
energy consumption of today’s technologies. Over a lifecycle basis, (vehicle manufacture, fuel production, and fuel use)

1 “Bioeconomy” is defined as “the industrial transition to sustainably utilizing renewable aquatic and terrestrial biomass

resources for production of energy, intermediate, and final products with economic, environmental, social, and national

security benefits,” by the Biomass Research and Development Board within the Federal Activities Report on the

Bioeconomy, February 2016 https://www.energy.gov/sites/prod/files/2016/02/f30/farb 2 18 16.pdf.

2 As recommended in the Quadrennial Energy Review: Energy Transmission, Storage, and Distribution Infrastructure, April

2015.

3 Transportation Energy Data Book Edition 36, ORNL, Table 1.12.

4 Transportation Energy Data Book Edition 36, ORNL, Table 1.6, Table 1.7 and Table 10.3; Overseas includes countries and
territories outside the 50 States and the District of Columbia.

5 Bureau of Labor Statistics, Consumer Expenditure Survey, 2015. Average annual expenditures and characteristics of all
consumer units, 2013-2015. https://www.bls.gov/cex/2015/standard/multiyr.pdf.

6 U.S. Billion Ton Update https://energy.gov/sites/prod/files/2016/12/f34/2016 billion ton report 12.2.16 0.pdf.

7 Rogers, J. N.; Stokes, B.; Dunn, J.; Wu, M.; Haqg, Z.; Baumes, H. An assessment of the potential products and economic and

environmental impacts resulting from a billion ton bioeconomy. Biofuels Bioprod Bioref 11(1):110-128 (2017).

http://onlinelibrary.wiley.com/doi/10.1002/bbb.1728/full.
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future (~2030) modeled conventional technology of a gasoline internal combustion engine vehicle (ICEV) is expected to cost
approximately 27 cents per mile and consume 4,700 Btu per mile.! The Bioenergy Technologies Program goals below are
necessary for new technology options to be at least as efficient and affordable compared to this baseline, while also
accounting for consumer expectations regarding affordability and pay back periods.

In FY 2020, the Bioenergy Technologies Program will work towards the goal of improving affordability of transportation by

achieving the following subprogram goals:

e The Feedstock Supply and Logistics subprogram will improve identified feedstock quality parameters and lower
modeled feedstock harvesting and logistics costs to $86 per dry ton (versus the FY 2015 baseline of $120 per dry ton)
for biorefineries that meet design case criteria of 800,000 dry tons/year.

e The Advanced Algal Systems subprogram will develop technologies that support mature model algae yields of 3,700
gallons of biofuel intermediate per acre per year, an increase over the previous FY 2018 milestone of 2,500 gallons per
acre per year.

e The Conversion Technologies subprogram will use the catalytic fast pyrolysis reactor system to reduce cost and extend
lifetime by optimizing catalyst compositions and process conditions to achieve a reduction in the modeled cost to
$3/gge, a reduction of $0.46/gge compared to the FY 2018 state of technology baseline of $3.46/gge.

e The Conversion Technologies subprogram will increase yield of upgradeable co-products from an industrially relevant
lignin waste stream to 53 percent by mass.

e The Strategic Analysis and Crosscutting Sustainability subprogram will verify a 10 percent reduction in water
consumption for at least one biofuel production pathway versus its 2018 state of technology baseline.

The Bioenergy Technologies Program employs EERE’s technology readiness level metric (TRL) to prioritize work within a
subprogram and across the portfolio. Early stage R&D includes Basic Research (TRL 1) and Applied Research (TRL 2-4), which
primarily acquire new knowledge at laboratory scale. Experimental Development (TRL 5-6) includes systems research,
technology integration, and scaling beyond the laboratory-scale in order to gather performance data that can reduce
technology uncertainty and support subsequent industry efforts to scale up the technology.? This can involve first-of-a-kind
integration of innovative bioenergy processes at the pilot/engineering-scale. Evaluating the integrated process steps at the
pilot-scale will highlight further earlier-stage (TRL 2-4) research needs. The program will rely on the private sector to fund
later stage demonstration and deployment of fully-integrated biorefineries.

Highlights of the FY 2020 Budget Request

e All Bioenergy Technologies Program research funding in the FY 2020 Request will support research and development
conducted through lab calls and the annual operating plans (AOPs) with the National Laboratories and through
targeted competitive solicitations to industry and universities.

e The Feedstock Supply and Logistics subprogram will continue to support the Feedstock Conversion Interface
Consortium (FCIC) of National Laboratories and industry experts. FCIC seeks to improve the operational reliability of
integrated biorefineries through increased understanding of the complexity and variability of biomass materials; and
the fundamental physical properties that govern feedstock behavior, energy density and conversion performance. This
science-oriented, early-stage R&D will support system reliability and will provide tools for the entire industry to build
upon as markets for feedstocks expand. The challenges that the FCIC seeks to address requires expertise from
numerous disciplines through an inclusive and thoroughly integrated approach within the consortium.

e The Advanced Algal Systems subprogram will fund early-stage applied research by DOE National Laboratories and by
universities and industry on new strain development, approaches to culture management, and crop protection to
improve algae productivity.

e The Conversion Technologies subprogram will support transformative R&D in synthetic biology of engineered
organisms through the Agile BioFoundry and explore the potential of novel catalysts through the Chemical Catalysis for

!See Record #17008 which can be accessed at:

https://www.hydrogen.energy.gov/pdfs/17008 levelized cost driving future icev.pdf. Both energy and cost per mile are
based on a 15-year vehicle lifetime and are based on meeting VTO technical targets.

2 OECD (2015), Frascati Manual 2015: Guidelines for Collecting and Reporting Data on Research and Experimental
Development, OECD Publishing, Paris. http://dx.doi.org/10.1787/9789264239012-en.
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Bioenergy (ChemCatBio) consortium to support industry to improve yields and selectivity of drop-in biofuels and
renewable chemicals. In addition, the subprogram will continue to investigate co-produced performance-advantaged
bioproducts, including bio-derived plastics, with the potential to improve the economics and efficiency of biomass
utilization. The program will also fund exploratory work at the DOE National Laboratories, universities and industry in
the area of CO2 and other waste stream utilization for production of fuels and chemicals in collaboration with the Office
of Fossil Energy. The Conversion Technologies subprogram will also develop new and more efficient enzymes for
breaking down existing plastics to ease recycling and conversion to biofuels and co-produced bioproducts.

e The Advanced Development and Optimization (ADO) subprogram will continue collaborative R&D with the Vehicle
Technologies Program on the Co-Optimization of Fuels and Engines (Co-Optima) to develop bio-based fuels with the
potential to improve light-duty fuel economy by 35 percent (25 percent from advanced engine research and 10 percent
from co-optimization of advanced engines with fuels) by 2030 compared to 2015 gasoline vehicles. Support of the
integrated testing and pilot-scale work will continue in FY 2020 as BETO will leverage previous investments in
integrated process development/pilot-scale/systems research capabilities at the DOE National Laboratories,
universities and industry.

e The Strategic Analysis and Crosscutting Sustainability subprogram will conduct integrative analyses to inform R&D
priorities and program goals.

The Bioenergy Technologies Program coordinates its outcome-driven applied R&D activities with the U.S. Department of
Agriculture and six other agencies through the Biomass Research and Development Board to leverage resources and avoid
duplication across the Federal Government. The program’s transformational research and development is fostering
partnerships that will support American industry, including start-up enterprises, to create new jobs in emerging energy and
manufacturing fields ultimately benefiting the U.S. economy.
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Bioenergy Technologies
Funding ($K)

FY 2018 FY 2019 FY 2020 FY 2020 Request vs
Enacted Enacted Request FY 2019 Enacted
Bioenergy Technologies
Feedstock Supply and Logistics 29,000 30,500 5,500 -25,000
Advanced Algal Systems 30,000 32,000 4,000 -28,000
Conversion Technologies 103,000 96,000 17,500 -78,500
Advanced Development and Optimization (Formerly
Demonstration and Market Transformation) 54,545 57,500 8,000 -49,500
Strategic Analysis and Crosscutting Sustainability 5,000 10,000 5,000 -5,000
Total, Bioenergy Technologies 221,545 226,000 40,000 -186,000
SBIR/STTR:

e FY 2018 Transferred: SBIR $7,089,000; STTR $997,000
e FY 2019 Projected: SBIR $7,232,000; STTR $1,017,000
e FY 2020 Request: SBIR $1,280,000; STTR $180,000
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Bioenergy Technologies
Explanation of Major Changes (SK)

FY 2020 Request vs
FY 2019 Enacted

Bioenergy Technologies

Feedstock Supply and Logistics: The reduction in funding level for this subprogram reflects the prioritization of the most critical early-stage
activities within the broader priorities of EERE and the Department. The subprogram will prioritize research on model feedstocks such as
corn stover and pine residues through the Feedstock-Conversion Interface Consortium to develop tools that can improve operational
reliability. The subprogram will support small, targeted competitive selections to engage industry and academic partners on projects to
improve efficiency and reliability of renewable carbon feedstocks. National Laboratory R&D will focus on harvest logistics and quality
assurance, biomass densification, and biomass analytics for high-impact woody and herbaceous lignocellulosic feedstocks, including
wastes. No funds are requested for infrastructure upgrades at National Laboratory facilities. -25,000

Advanced Algal Systems: The reduction in funding level for this subprogram reflects the prioritization of the most critical early-stage
activities within the broader priorities of EERE and the Department. The subprogram will continue to prioritize early-stage research that
shows the greatest promise for improving algae productivity, namely strain development and culture management. The subprogram will
fund modest efforts in microalgal resource assessment modeling, and algal and terrestrial feedstock blending strategies. Later-stage
downstream algae R&D activities, including harvesting, the conversion interface, and integration studies will be de-emphasized. The
subprogram will support small competitive selections for development of biological tools to improve algal productivity. -28,000

Conversion Technologies: The reduction in funding level for this subprogram reflects the prioritization of the most critical early-stage
activities within the broader priorities of EERE and the Department. The Conversion Technologies subprogram will continue its support
of the Agile BioFoundry (ABF), Chemical Catalysis for Bioenergy, and Bioprocessing Separations multi-laboratory consortia which broadly
advance multiple conversion strategies. Small, targeted competitive selections to support industry and academic partners to collaborate
with the ABF consortium will be emphasized in FY 2020 as opposed to significant additional laboratory work. The subprogram will focus
laboratory work on performance advantaged bioproducts, specifically bio-derived plastics, in addition to predictive model development.
The subprogram will prioritize laboratory research in the areas of lignin valorization, cellulase enzyme development, a reduced suite of
biochemical fermentation organisms, and identifying and synthesizing bioproducts that can support the production of biofuels. The
program will support waste feedstock utilization at a reduced level, including wet waste streams, municipal solid wastes (MSW), and
carbon dioxide. Efforts to develop enzymes that can improve recyclability of existing plastics for conversion to biofuels and co-produced
bioproducts will also continue at reduced levels. No funds are requested for aerobic upgrading, for Conversion subprogram portions of
the Feedstock Conversion Interface Consortium, or for the joint R&D initiative with USDA. No funding is requested for laboratory -78,500
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research on processing of municipal solid waste (MSW) feedstocks; all MSW funding will be devoted to competitive selections for early
stage research strategies to lower biofuel and biopower production costs from waste feedstocks.

Advanced Development and Optimization (Formerly Demonstration and Market Transformation): The reduction in funding level for this
subprogram reflects the prioritization of the most critical early-stage activities within the broader priorities of EERE and the Department.
Funding for the Co-optimization of Fuels and Engines, in conjunction with the Vehicle Technologies Program, will prioritize research on
bio-based fuels for advanced compression ignition and de-emphasize research on bio-based fuels for spark-ignition. The program will
leverage previous investments to support integrated process development and pilot-scale systems research at the National Laboratories,
universities and industry. The subprogram will de-emphasize new private sector research related to performance of integrated systems
to lower the cost of drop-in biofuels as well as systems R&D including co-processing and materials research. No funding is requested in
FY 2020 for demonstration scale projects. -49,500

Strategic Analysis and Crosscutting Sustainability: The reduction in funding level for this subprogram reflects the prioritization of the most
critical early-stage activities within the broader priorities of EERE and the Department. Activities will focus on analysis and strategies to
achieve price reductions for biofuel production. The subprogram will prioritize maintenance and updates of high-priority models for
lifecycle analysis of biofuel production, and defer maintenance on models that have reached a level of maturity and are being used by
the program, industry, and other institutions. -5,000

Total, Bioenergy Technologies -186,000
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Bioenergy Technologies
Feedstock Supply and Logistics

Description

The primary goal of the Feedstock Supply and Logistics (FSL) subprogram is to conduct early stage research and
development focused on supporting industry as they develop and supply high-quality, energy-dense, and sustainable
conversion-ready feedstocks. The subprogram has recently achieved the FY 2017 target of a total average delivered cost of
$84/dry ton ! (from $137/dry ton in FY 2014 in 2014 dollars) and, by FY 2020, has goals to expand high-quality feedstock
volumes and to quantify and improve system operational reliability through fundamental R&D in the Feedstock-Conversion
Interface Consortium (FCIC). Specifically, the FSL subprogram will conduct research on particle mechanics to develop a
fundamental understanding of the flow characteristics of a range of preprocessed biomass materials, novel engineering
approaches to improve the flowability of solid biomass materials in gravity flow and mechanized conveyance machinery,
and mass transfer characteristics of multi-phase (solids, liquids, gases) systems found in biomass conversion unit
operations. The FSL subprogram will also conduct advanced characterization of the physical, mechanical and chemical
characteristics of a variety of preprocessed feedstocks, and develop computational tools to address feedstock variability
and how changes in physical, mechanical and chemical properties alter feedstock handling characteristics in scaled-up
applications. Additionally FSL will analyze the potential trade-offs between the spectrum of feedstock quality parameters
and affordability of feedstock delivery systems to inform the feasibility and utility of feedstock quality specifications.

Industry implements technology improvements to strengthen their position in nascent and current markets. In contrast, the
FSL subprogram is focused on early-stage R&D that will expand the market for biomass. For example, this subprogram has
made significant investment in understanding fundamental feedstock characteristics, and will continue conducting research
to develop quality specifications for feedstock.

The FCIC is a consortium involving eight National Laboratories and is directed toward solving obstacles encountered by
integrated biorefinery projects. Analyzing and understanding both the impacts of preprocessing operations on feedstock
physical, mechanical, and chemical characteristics and the impacts of those characteristics on conversion performance,
system reliability, and process economics is critical to identifying the most cost-effective ways to deliver high-quality,
efficiently convertible biomass feedstocks to the biorefinery, and maintain biofuel and co-product yield, quality, and
minimum fuel selling price (MFSP) targets.?

Feedstock Conversion Interface Consortium ($3,000,000): The Feedstock Conversion Interface Consortium (FCIC) is the
primary activity of the Feedstock subprogram in FY 2020. Analyzing and understanding both the impacts of preprocessing
operations on feedstock physical, mechanical, and chemical characteristics and the impacts of those characteristics on
conversion performance, system reliability, and process economics is critical to identifying the most cost-effective ways to
deliver high-quality, efficiently convertible biomass feedstocks to the biorefinery, and maintain biofuel and co-product
yield, quality, and minimum fuel selling price (MFSP) targets. The FCIC will develop a framework based on first principles
through which technology developers will be able to assess the quality, composition and value of various streams in their
processes for the purpose of improving operational reliability within biorefineries. To accomplish this, the FCIC connects
core capabilities across eight National Laboratories. The FCIC is organized into eight different tasks, with each laboratory
contributing to or leading a subset of those tasks. An executive committee comprised of laboratory management and task
leads is responsible for overall consortium management, and an external industry advisory board also meets with the
executive committee and the Bioenergy Technologies Program regularly.

! Verified in FY 2017. Verification in for a modeled potential of 285 million dry tons accessible at up to $84/dry ton in FY
2022 in a national model.

2 MFSP is defined as the fuel selling price (leaving the biorefinery gate) that supports a 10 percent rate of return over the
lifetime of the biorefinery including capital costs, operating costs, and financing. This price does not include fuel marketing
or distribution costs, nor does it include any retail markups. Full economic assumptions (e.g. plant lifetime, interest rates,
etc.) can be found here: https://www.nrel.gov/docs/fy150sti/62455.pdf.
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The FCIC is organized around four objectives:

e Quantify, understand, and manage variability in biomass to understand fundamental mechanisms underlying how
biomass composition, structure, and behavior impacts unit operations through the value chain.

e Develop first principles hypotheses/mechanistic models related to physical and chemical conversion in each of the
steps through which the feedstock has to traverse, from field to products. Validate these models using bench scale
and pilot scale data.

o Develop transfer functions (or scaling rules) which are based not only on experimental data or experience but are
also based on first principles conversion mechanisms that feedstock undergoes in the value chain from field to
products.

e Develop technoeconomic and life-cycle assessment models which can be used to determine the value of feedstock
as it undergoes conversion through the value chain and is converted to forms where it can become a commodity
product.

In FY 2018, FCIC screened and obtained corn stover and pine residue samples with four various sets of moisture and ash
conditions (low moisture, low ash; low moisture, high ash, high moisture, low ash; high moisture, high ash) for baseline
experiments that were conducted at the at Idaho National Laboratory (INL) and the National Renewable Energy Laboratory
(NREL). These experiments generated a matrix of biomass chemical, physical, and mechanical properties that affect
performance and reliability across the biomass value chain. FCIC also completed a modeled baseline data collection list and
a gap analysis for identification of feedstock attributes causing impacts to throughput, yields, and costs for individual
equipment. During the course of its first year, FCIC has developed new and improved existing analytical methods for
biomass properties, including crystallinity, surface area, surface energy, spectroscopy compositional analysis, rheological
properties, particle size distribution, particle shape, feeding and shear testing, etc. In addition, FCIC launched a Directed
Funding Opportunity (DFO) that seeks to enhance collaboration of industry with the National Laboratories to help identify
the factors affecting feed handling into pressurized reactors at integrated biorefineries.

In FY 2020, consortium research will continue focus on the molecular deconstruction of cell wall biopolymers in the initial
steps of conversion processes to support the scalability of feedstock handling in different conversion processes, while also
maximizing robust yields and minimizing production costs of targeted biofuel products/intermediates. Specifically, models
and tools will be developed by the FCIC that use characterization data to inform the proper selection, design, and
integration of feedstock and conversion technologies for optimum performance in handling, preprocessing, and conversion
equipment. The FSL subprogram will not fund scale-up activities, but will expand the knowledgebase on solids handling,
develop new fundamental bulk solids characterization techniques, and monitor the effect of variability in feedstock
physical, mechanical, and chemical properties in the initial steps of conversion processes. Additionally, FCIC will continue to
develop control logic and systems to improve the robustness and flexibility of integrated preprocessing and feeding
systems. The FCIC will heavily prioritize early-stage, fundamental R&D, and the subprogram will rely upon the private sector
for later-stage R&D and scale-up. Because of a de-emphasis from the Conversion sub-program, the FCIC will reduce focus
on developing tools to produce homogeneous, quality controlled intermediates that can be converted into market-ready
products, and will instead focus on first-principles R&D to develop tools that quantify and understand sources of feedstock
variability.

National Laboratory Feedstock Supply and Logistics R&D ($2,000,000): In addition to FCIC funding, the subprogram will fund
logistics R&D that is complementary to the scope of the FCIC, particularly those activities considered upstream of the
interface activities, such as harvest logistics and quality assurance, biomass densification, and biomass analytics tools.
Activities will focus on model feedstocks such as corn stover and pine residues. Research on dedicated energy crops, waste
streams, and other renewable carbon sources (municipal solid waste, biosolids, sludges, etc.) will be limited.

In addition, the Feedstock Supply and Logistics subprogram is dedicating funds ($500,000) to support a competitive
opportunity to engage industry and academic partners on projects that address conversion efficiency challenges and
increase the types and quantities of renewable carbon feedstock intermediates available for conversion.
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Activities and Explanation of Changes

Feedstock Supply and Logistics

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Feedstock Supply and Logistics $30,500,000

$5,500,000

-$25,000,000

$14,000,000 to support research under the
Feedstock-Conversion Interface Consortium
(FCIC) at the National Labs to improve operational
reliability of biomass feedstock handling,
preprocessing and conversion, includes
competitive selections with industry and
academia.

$3,500,000 to support research under the FCIC at
the National Labs to improve operational
reliability of biomass feedstock handling,
preprocessing. Includes $500,000 for competitive
selections with industry and academia.

FCIC research will focus on the highest priority
challenges associated with feedstock handling
and preprocessing, specifically feedstock
variability. Research will be conducted primarily
at the National Laboratories with fewer, smaller
selections to involve industry and academic
partners.

New competitive selections on biomass feedstock
research beyond the efforts of the FCIC to reduce
the costs of feedstocks logistics.

No funds are requested for competitive selections
on biomass feedstock research beyond efforts of
the FCIC.

No funds are requested for competitive
selections on biomass feedstock research beyond
efforts of the FCIC

$6,000,000 is to support ongoing National
Laboratory research on harvest logistics and
quality assurance, biomass densification, and
biomass analytics tools.

$2,000,000 to support targeted ongoing National
Laboratory research associated with harvest
logistics and quality assurance, biomass
densification, and biomass analytics tools.

National Laboratory R&D will focus on harvest
logistics and biomass densification of model
woody and herbaceous feedstocks, not dedicated
energy crops, or other renewable carbon sources.

$5,000,000 is for facility upgrades at the Biomass
Feedstock National User Facility at Idaho National
Laboratory.

No funds are requested for facility upgrades at
the Biomass Feedstock National User Facility.

No funds are requested for facility upgrades at
the Biomass Feedstock National User Facility.

Competitively-selected projects under the
Biomass Research and Development Initiative will
continue with prior year funds.

Competitively-selected projects under the
Biomass Research and Development Initiative will
continue with prior year funds. No funds are
requested to support new competitive selections.

No change.
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Bioenergy Technologies
Advanced Algal Systems

Description

The Advanced Algal Systems subprogram supports early-stage R&D of algal biomass® production and logistics systems. Algal
biomass has potential as a domestic energy resource due to its ability to grow quickly, use waste resources (including in
non-potable water and on non-arable land), and produce fuel and co-product precursors. Algal biofuels could potentially
contribute up to 5 billion gallons of advanced biofuels per year by 2030, or about 25 percent of the current jet fuel market.2
In recent years, research by the subprogram has improved capabilities to predict, breed, and select the best-performing
algal strains; developed better tools to monitor and control system dynamics; improved methods to harvest algae at high-
throughputs; and improved processes to extract and convert more algal biomass components into fuels and high-value co-
products.?

In FY 2019, as a result of ongoing, competitively selected projects with prior year funding, the subprogram met its milestone
to increase the value of cultivated algal biomass by 30 percent through the co-production of high-value products. Through
the ongoing work of the “Development of Integrated Screening, Cultivar Optimization, and Validation Research” (DISCOVR)
multi-lab consortium project, the Advanced Algal Systems subprogram met its FY 2019 GPRA subprogram milestone of 15.9
grams of algae biomass grown per square meter of open pond raceway cultivation area per day. This represents a 20
percent improvement over the FY 2016 baseline of 13 grams per square meter per day.*

While accomplishing this yield goal was a major achievement, the modeled minimum fuel selling price (MFSP) of algae
biofuel remains too high (FY 2018 state of technology (SOT) with fully-lined open ponds: $10-16/gge)° to be commercially
viable in the near-term. Algal productivity, the composition of the harvested algal biomass, and the frequency of crop
failures continue to have the highest impact on algae MFSP. Therefore, with FY 2020 appropriations, the subprogram will
fund early technology readiness level (TRL) work to develop stable algal cultivars that produce high yields, resist predators,
and are suitable for cultivation in farming operations. The subprogram will also support work that evaluates improving
culture performance between the laboratory and field. In addition, the subprogram will support co-produced bioproducts
development from promising cultivation species by continuing quantitative analyses of algal biomass productivity,
composition, and energy content.

The subprogram will integrate the latest technological advances into robust state of technology techno-economic analyses.
This work allows the subprogram to more effectively evaluate the agronomy of algae cultivation and strategically target
pre-competitive R&D strategies that have the greatest potential to support businesses to successfully pursue larger-scale
integration and demonstration. Specifically the following initiatives will be pursued:

Development of Integrated Screening, Cultivar Optimization, and Validation Research (DISCOVR) Project ($1,200,000): The
program will prioritize support for DISCOVR — a project consortium of four DOE National Laboratories with unique and
complementary capabilities to support algae R&D. In FY 2020, efforts will continue with the deep characterization of high
productivity and resilient microalgae strains with the overall goal of delivering new robust performers for year-round
outdoor cultivation. The DISCOVR Team will also continue coordinating and working with other laboratory efforts, as well as

! The term algae refers to microalgae, cyanobacteria (often referred to as “blue-green algae”), and macroalgae (or
seaweed).

2 Ryan Davis, Daniel Fishman, Edward Frank, et al., “Renewable Diesel from Algal Lipids: An Integrated Baseline for Cost,
Emissions, and Resource Potential from a Harmonized Model,” Argonne National Laboratory, ANL/ESDA/12-4 (2012),
http://greet.es.anl.gov/publication-algae-harmonization-2012.

3 U.S. Department of Energy. 2016. National Algal Biofuels Technology Review. Office of Energy Efficiency and Renewable
Energy. Bioenergy Technologies Program. Available at: https://www.energy.gov/eere/bioenergy/downloads/2016-national-
algal-biofuels-technology-review.

4 BETO MYPP HTL unlined SOT pathway, in preparation.

5 BETO MYPP HTL and CAP Pathways, in preparation.
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with competitive projects awarded with prior year funds, to provide valuable field and modeled data into the techno-
economic analysis.

Laboratory Algae Research ($2,300,000): FY 2020 funds will focus on functional characterization of algal strains, strain
composition, and crop protection through targeted research at the DOE National Laboratories. These focus areas contribute
significantly to the goal of increasing algal productivity on a fundamental level. Key breakthroughs anticipated in these
targeted research areas will complement ongoing competitive efforts awarded in FY 2018 from the Enhanced Carbon
Utilization in Algal Systems funding opportunity. Work will also continue in the Algae Technology Education Consortium to
help provide online education material for community colleges and technical schools.

These activities represent pre-commercial, early-stage research and development that will strategically enhance the state
of technology beyond current industry areas of focus. The algae industry remains focused on commercial operations for
small scale (100 acres or less) farms producing high value-nutraceuticals, such as fortified foods and dietary supplements
sold as capsules, tablets, or powders. The success of these activities will support industry to increase scale of production
and begin accessing energy markets when the technology uncertainty and cost are reduced.

Productivity Enhanced Algal Toolkits competitively-selected projects ($500,000): Building upon an FY 2017 program, FY
2020 funds will support competitive selections to increase algal areal productivity and biofuel productivity through strain
biology developments and enhanced management of ecological or abiotic contributions to cultivation biology. This work
will produce measurable improvements in process performance as well as the development of knowledge and tools to
accelerate innovation.
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Activities and Explanation of Changes

Advanced Algal Systems

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Advanced Algal Systems $32,000,000

$4,000,000

$-28,000,000

$2,700,000 to support early stage and
precompetitive applied research under the
DISCOVR project National Laboratory consortium
to increase algal productivity, composition, and
crop protection, including data collection, analysis
and modeling to assess the state-of-technology
and support techno-economic analyses to inform
research strategies.

$1,200,000 support early stage and
precompetitive applied research under the
DISCOVR project National Laboratory consortium
to increase algal productivity, composition, and
crop protection with minimal experimental data
collection, analysis and modeling for state-of-
technology and techno-economic analyses.

DISCOVR activities will focus on known high
productivity, robust strains for operational and
cultivation parameterization, and reduced data
collection (maximum 6 week experiments per
quarter) to support state-of-technology modeling
and techno-economic analyses.

$8,300,000 to support early-stage National
Laboratory research on strain characterization,
composition and crop protection to improve algal
productivity.

$2,300,000 to support early-stage ongoing
National Laboratory research on strain
characterization, composition and crop
protection to improve algal productivity.

National Lab research will continue on existing
algae strains and crop protection strategies with
no new projects for novel strains or new
strategies to improve algal productivity.

$2,000,000 for a competitive award on
economical capture of COzdirectly from the
atmosphere.

No funding requested

No funds are requested for new competitive
awards on economical capture of CO: directly
from the air.

New competitive selections on advanced algal
research to increase algae yield, reliability, and
quality.

$500,000 will support competitive selections to
drive improvements in increased algal areal
productivity through strain biology developments
and enhanced management of cultivation
biology.

Fewer and smaller competitive selections will
focus on the development of biological tools to
improve algal productivity.
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Bioenergy Technologies
Conversion Technologies

Description

The Conversion Technologies subprogram pursues early-stage applied R&D to generate knowledge that supports industry
efforts to demonstrate and deploy technologies for converting biomass feedstocks into transportation fuels and co-
produced bioproducts. Conversion research explores concepts in both biological (using biological organisms) and
thermochemical (using heat, pressure, and chemical processes) routes to convert biomass into “drop-in” biofuels (gasoline,
diesel, jet and marine fuels), fuel components, and chemical intermediates.

Due to the emergent nature of the bio-based fuel and products economy, industry is ordinarily focused on immediate
barriers facing their individual technology and is not willing or able to fund foundational, crosscutting research that benefits
the industry at large (e.g., generalized tools and techniques for catalyst or organism development, analytical methods that
benefit many processes, etc.). These are the areas on which the Bioenergy Technologies conversion research focuses as a
unique and industry-enabling role of government.

Given the diversity of biomass resources and the range of useful end-products, there is no single, superior conversion
process or pathway. Therefore, the program conducts applied research on a portfolio of technical challenges that support
promising feedstock-flexible conversion technologies that can meet the primary goal of cost-competitive fuels (less than
$3.0/gge). This research lowers technology uncertainty and establishes a knowledge base that supports industry to
demonstrate and deploy novel technology for their unique market opportunities. This applied research supports multiple
possible biorefinery configurations that industry may pursue. For example, improved organism development could improve
the viability of direct conversion of cellulosic sugars to fuels or co-products and/or add value to a thermal conversion
process by converting a current waste stream to a fuel or co-products.

To address a number of these research challenges, the conversion subprogram has established three key multi-laboratory
consortia to leverage and coordinate the unique capabilities within the National Laboratories and to facilitate active
collaboration with industry and university partners. The consortia arose from recommendations made in the 2015 external
peer review as well as internal efforts to increase organizational efficiency. The subprogram established these consortia to
bring each lab’s unique and core capabilities that are relevant to a common challenge or area of research to bearin a
collaborative and cooperative effort, while reducing the potential for duplication. These three consortia, the Chemical
Catalysis for Bioenergy Consortium, the Agile BioFoundry, and Bioprocessing Separations Consortium are described in
greater detail below.

Agile BioFoundry (ABF, $3,200,000)*: The development of an Agile BioFoundry (ABF) continues to be a key activity in FY
2020. The effort leverages recently developed synthetic biology tools (ways to engineer organisms) to improve efficiencies
in the conversion of biomass to fuels and products. Currently, the industrial biotechnology sector scales up processes on a
case-by-case basis, without tools that can be extrapolated to multiple host organisms, pathways, and applications.

The ABF will produce a set of tools and organism development packages that would be readily transferred to the
biotechnology industry, enabling the scaling of multiple, high-impact chemicals in multiple, industrially-relevant host
organisms at half the time and cost while significantly improving conversion efficiency. To accomplish this, the BioFoundry
connects distributed capabilities across eight National Laboratories to develop processes for engineering biology. This work
supports predictable-design by establishing a robust set of biomanufacturing principles, which use standardized DNA
elements and commercially relevant and optimized host organisms. The ABF is organized into six different tasks, with each
laboratory contributing to or leading a subset of those tasks. An executive committee comprised of laboratory management
and task leads is responsible for overall consortium management along with a program manager at the lead institution
(Lawrence Berkeley National Laboratory). An external Industry advisory board also meets quarterly with the executive
committee and the Bioenergy Technologies Program.

1 https://agilebiofoundry.org/
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The ABF specifically focuses on the following tasks:

e Host Onboarding: Host Onboarding takes promising organisms with limited genetic tool development but high
industrial relevance and transforms them into highly efficient and engineerable hosts though the application of genetic
tools.

e  Design-Build-Test-Learn (DBTL): In a typical DBTL cycle, the Design team uses computationally-aided design tools to
generate DNA construct designs, which are passed to a highly automated Build team that assembles plasmids and
transforms them into an engineered organism. The Test team then assays these new organisms for outputs like growth,
robustness, and product production at various scales. This produces large quantities of data that are fed to the Learn
team, which uses machine learning and data visualization tools to inform the next round of Design.

e Integrated Analysis: The Integrated Analysis team examines the techno-economic viability of each proposed target
molecule and host. This allows for the research team to focus on the areas of engineering most relevant to reducing
production costs.

e  Process R&D: Organisms can behave differently at very small scale than in production-scale fermenters. The Process
R&D team tests engineered strains in bioreactors and seeks to create transfer functions that allow for a predictive
understanding of organism productivity and growth.

e Industry Outreach: The Industry Outreach team conducts one-on-one interviews and hosts listening days to get
feedback from industry on Agile BioFoundry activities to ensure the consortium’s relevance to industry stakeholders.

e Management: A management team oversees the project progress, makes personnel decisions, and maintains the Agile
BioFoundry website and vision materials.

In FY 2019, funds were used to continue development of these unique, publically accessible R&D tools, data and robust
organisms, enabling the pursuit of additional R&D in support of the bioeconomy. Specifically in FY 2019 this included
completion of multiple cycles of DBTL on > 3 target host pairs with at least 100 percent improvement in baseline titer, rate,
and yield. In addition, DBTL throughput will be increased by > 20 percent, allowing more constructs to be designed, built,
tested, and analyzed resulting in faster strain improvements.

In FY 2020, competitive selections for the Agile Biofoundry will support additional industrial and academic partner
collaboration with the consortium. These will continue to build on previous success by improving titers, rates and yields on
the FY 2017 — FY 2019 target molecules. This will be accomplished by completing additional DBTL cycles on up to three
target host pairs leading to a further 100 percent improvement for at least one target-host pair. BioFoundry throughput will
also be expanded through several new industrial partnerships with ten partnerships expected to be active during FY 2020.

Chemical Catalysis for Bioenergy (ChemCatBio or CCB, $3,200,000)! is a consortium involving six National Laboratories and
is dedicated to identifying and overcoming catalysis challenges for biomass conversion processes. The goal of the
consortium is to reduce the time and cost required to develop novel catalytic materials by targeting both pathway-specific
and overarching catalysis challenges such as increasing the catalyst lifetime, conversion efficiency and selectivity.
Established as part of the Energy Materials Network? in FY 2017, ChemCatBio showcases National Laboratory capabilities
and establishes a single point of contact to simplify industry access to National Laboratory catalysis expertise and other
essential infrastructure.

The work in CCB has been organized into six technical tasks (four catalytic tasks and two enabling tasks) and is managed by

a leadership team that works together to coordinate reporting, articulate strategic direction, establish CCB-led cooperative

research and development partnerships with industry, and manage interactions with stakeholders, including an industry

advisory board. In FY 2020, CCB will focus on the following six tasks (four catalytic technologies and two enabling

technologies):

e  (Catalytic Upgrading of Indirect Liquefaction Intermediates: Gasification of biomass generates a diversity of small
gaseous molecules that need to be catalytically upgraded into useful fuels.

1 http://www.chemcatbio.org

2 https://energy.gov/eere/energy-materials-network/energy-materials-network
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e  (Catalytic Upgrading of Biochemical Intermediates: Biomass hydrolysis and fermentation generates discrete
intermediates such as mixed organic acids, furans, and diols. This task explores catalytic processes for upgrading those
intermediates into fuels.

e  (Catalytic Fast Pyrolysis: Fast pyrolysis is a method for deconstructing biomass at high temperatures to generate a bio-
oil. This task is developing catalysts for introduction inside (in situ) or outside (ex situ) of the pyrolysis reactor to result
in a bio-oil with improved specifications that can be upgraded with known chemistry.

e  Catalytic Upgrading of Carbon Dioxide: Across the country, CO: is generated during fermentation processes in
concentrated streams. This task is developing new electrocatalytic and thermocatalytic processes for converting CO>
into a processable intermediate chemical and then upgrading it into a product or fuel blendstock.

e Advanced Catalyst Synthesis and Characterization: The goal of this task is to deliver high performing, cost-effective
catalytic materials that meet the needs of the other CCB projects by leveraging unique synthesis and characterization
capabilities at various National Laboratories.

e  Consortium for Computational Physics and Chemistry (CCPC) *: This task is the computational modeling arm of CCB and
provides predictive simulation tools to support CCB teams to optimize yield and fuel properties. In 2019, the
subprogram demonstrated the kinetics-based methodology, and in 2020, the approach will be utilized in collaboration
with industry to translate research to industry-relevant scales.

These tasks work in concert to accelerate the development of catalysts and related technologies for biomass to biofuels
pathways. The CCB team is composed of over 100 researchers and has published over 100 peer-reviewed manuscripts since
its inception in FY 2017.

In FY 2019, ChemCatBio realized technology advances across several conversion pathways. For Catalytic Fast Pyrolysis,
ChemCatBio increased carbon efficiency (from 33 percent to 40 percent) resulting in a $0.5/gge reduction in MFSP to a
projected $3.46/gge (from a starting point of $6.61 in 2014) on a path to $3.0/gge or less by 2022. For the Catalytic
Upgrading of Biological Intermediates, ChemCatBio converted biomass-derived intermediates at bench scale to
demonstrate that the catalyst technical performance resulting in a MFSP less than $3.0/gge (or $2.0/gge with diversion of a
portion of sugars/biological intermediates to co-products) with greater than 25 percent (gge basis) of the fuel in the jet or
diesel ranges.

In FY 2020, ChemCatBio will pursue technology advances across multiple conversion pathways. In FY 2020, ChemCatBio will
attempt a $0.20 reduction in MFSP compared to the FY 2017 State of technology (SOT) by developing processes that divert
20 percent of the Catalytic Fast Pyrolysis oil to a mixed phenolics co-product. For Catalytic Upgrading of Carbon Dioxide,
ChemCatBio will develop and analyze low temperature electrolyzers for CO2 reduction and show the potential for CO2
utilization to increase the economic viability of existing biorefineries through techno-economic analysis.

Bioprocessing Separations Consortium ($1,000,000)2: The Bioprocessing Separations Consortium involves seven National
Laboratories and is dedicated to advancing efficient and cost-effective separation technologies that make optimal biogenic
carbon. The consortium is managed by a leadership team that coordinates reporting, articulates strategic direction, and
manages interactions with stakeholders, including an industry advisory board, and outreach days at national conferences.
The consortium will coordinate with separations activities funded by the Advance Manufacturing Program to leverage
common resources and approaches; however, BioSep will focus on separation problems unique to biofuel and co-products
processes. A limited amount of resources will be directed toward lignin valorization. In FY 2020, there will be three technical
tasks:

1 CCPC brings together materials scientists, biologists, and reactor/process engineers across the DOE National Laboratories
to understand the fundamental mechanisms underlying catalyst, feedstock, enzyme, and reactor behavior/performance.

Specifically, the new knowledge developed with CCPC and incorporated into models will accelerate R&D, help target new
research, and aid in design of advanced catalysts, enzyme systems, and reactors. https://www.cpchiomass.org/.

2 The Bioprocessing Separations Consortium brings together teams from the U.S. Department of Energy’s (DOE’s) national
laboratories to move cost-effective, high-performing separations technologies to market faster through coordinated

separations research that targets challenges relevant to industry. http://www.bioesep.org/.
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e  Separations for Biochemical Streams: This task will focus on three approaches for improving lignin quality generated
from homogenous and heterogeneous catalytic depolymerization, including ultrasonic fines removal, tangential flow
filtration for molecular weight fractionation, and sodium hydroxide recovery.

e  Separations for Thermochemical Streams: This task will focus on catalytic hot gas filtration of catalytic fast pyrolysis
streams.

e Separations Technologies Analysis: This team will provided techno-economic and lifecycle analysis for all technologies
under investigation and will guide design of technology parameters to ensure economic and lifecycle improvements
over incumbent technologies.

In FY 2020, the consortium will develop computational and predictive methods for assessing separations needs for
bioenergy processes. The goal of this work is to develop a tool for bioenergy practioners to streamline the evaluation of
separations technologies.

In addition to the consortia, applied research is being conducted in other areas that add value to a number of biorefinery
configurations or approaches:

Lignin Deconstruction and Valorization ($2,100,000): Lignin makes up almost a third of biomass by weight but due to its
chemical complexity, it is generally burned for heat and power rather than being converted into valuable fuels or products.
Applied research on producing higher-value co-products or “valorizing” (creating higher value from) lignin is essential to
improve the economics of biofuel production. In FY 2019, two initial target processes were identified and will be pursued
through targeted AOP research at DOE National Laboratories in the coming year with the ultimate goal of developing
conversion pathways that can yield value-added co-products from lignin that can reduce fuel costs by more than $2.0/gge.
Also, in FY 2019, oxidative processes showed >40 percent yields of upgradable compounds from real lignin streams and
reductive processes showed >50 percent yields. Specifically, in FY 2020, the lignin area will focus on R&D to improve the
carbon efficiency of lignin to high-value co-products. This will include R&D on the hybrid strategy of using a catalytic
approach to break lignin into a complex mixture of compounds which are capable of being biologically upgraded into
targeted products of interest at high conversion efficiency.

Performance-advantaged co-products R&D ($700,000): In the context of a biorefinery, value-added co-products can
support biofuel production by improving the overall financial viability of the biorefinery much the same as occurs in
petroleum refineries. In addition, much of the co-product research is investigating conversion of process streams that are
either currently put to low-value use or entirely treated as waste streams from biorefineries. Lastly, lignocellulosic-based
biofuel and co-product production processes share half or more of “upstream” processes in common (feedstock supply,
feeding, deconstruction to sugar or syngas intermediates, cleanup, separation, etc.). High-value co-products present the
industry with economically attractive early targets that will result in the shake-down and de-risking of the upstream
processes thus reducing biofuel production uncertainty. Performance advantaged co-products research, in particular, is
targeted at products that can be made from biofuel production process waste streams that may offer superior performance
compared to conventional petrochemical-derived materials or chemicals.

Research will develop and test computational models for predicting product properties from molecular structures of bio-
derived polymers which will help target promising bio-derived co-products that can be manufactured domestically with
similar or improved performance and affordability compared to their petroleum-derived equivalent. In FY 2020 the project
will predict at least three properties of a performance differentiated polymer and release a web-based tool for polymer
prediction. In addition, a focused number of pathways for biological deconstruction and upgrading of biomass to
competitive fuels and higher value co-products will continue to be explored through project plans and research facilities at
the DOE National Laboratories.

Biochemical Conversion Pathways ($2,900,000): In FY 2019, R&D on biochemical conversion pathways focused on the
development of two high priority anaerobic pathways for the conversion of lignocellulosic biomass to hydrocarbon biofuels.
Through the combination of improved genetic engineering strategies, in FY 2019, the subprogram furthered organism
improvements and fermentation research, to achieve target butanediol concentrations of >100 g/L which are
concentrations that can readily be converted to hydrocarbon fuels and bioproducts via work ongoing in the ChemCatBio

Energy Efficiency and Renewable Energy/
Bioenergy Technologies 68 FY 2020 Congressional Budget Justification



Consortium. In addition, using a novel pertractive fermentation system, research achieved extracted titers of >150 g/L of
butyric acid, a precursor to jet and diesel fuel. In FY 2020, the subprogram will continue to pursue R&D to raise the titers,
rates, and yields of fuel-precursor production from biological fermentations for use in catalytic upgrading strategies. The

subprogram will aim to increase butanediol concentrations by an additional 25 percent over FY 2019 levels (to 125 g/L) at
85 percent of theoretical yield through further genetic engineering of the organism and fermentation optimization.

Analytical Method Development and Process Control ($1,900,000): In FY 2018, the subprogram developed protocols for
more precise characterization and quantification of lignin, hydrolysates, and other biochemical species. These
characterization methods are utilized by many portions of the Conversion R&D portfolio as well as external entities to
standardize key performance parameters related to product yields. National Laboratory work also developed real-time
process control strategies by using numerous spectroscopic methods: near-infrared, Dielectric, and Raman. In FY 2019, the
most impactful control scheme was implemented and tested on a number of fermentation systems to allow for real-time
monitoring of key performance parameters with the aim of improving fuel and co-product production rates. In FY 2020, the
system will be further automated such that the control system automatically adjusts key process parameters (e.g. pH,
oxygen level, hydrolysate concentration, etc.) to maintain high organism growth and productivity for up to two weeks
without human intervention.

Thermochemical characterization work in FY 2018 included National Laboratory work on protocols for bio-oil samples to
link functional groups to physical properties including corrosive potential for different reactive surfaces commonly used in
bio-oil refining. This work examines samples from facilities across the country derived from multiple feedstocks at a scale
that would be out of the scope of any single private entity. In FY 2020, the work will build on the foundation of the fast
pyrolysis characterization done in previous years to develop and disseminate analytical methods for bio-derived or co-
processed liquids that quantify functional groups or individual chemical compounds as well as evaluation of their impact on
materials. The focus will be on identifying functional groups found in next-generation bio-oils such as through Hydrothermal
Liquefaction or Catalytic Fast Pyrolysis.

Waste to energy (51,000,000): R&D on waste to energy focuses on innovative strategies to convert wet and gaseous waste
streams into biofuels and co-products. No funding was requested for these R&D activities in FY 2019. In FY 2020, funding
(5500,000) will be used to make competitive selections to convert waste streams, including municipal solid waste, wet
waste, and gaseous waste streams to biofuels, biopower, and co-products. Lab-based R&D ($500,000) will continue to focus
on transforming anaerobic digestion on a variety of waste streams to produce and separate intermediates (volatile fatty
acids) that can be upgraded into fuels and co-products via catalytic routes developed under the ChemCatBio Consortium. A
bench-scale system for recovery of these volatile acids will be operated to recover more than 50 percent of these
compounds in a continuous system. The subprogram will continue techno-economic analysis on biological, thermochemical,
and electrochemical routes for carbon dioxide conversion to higher value products.

Plastics up-cycling (51,000,000): Significant quantities of un-recycled plastics are part of the organic portion of the waste
stream in the U.S. and worldwide. Further, even plastics that are recycled are most often converted into lower-value
products. New enzyme discoveries offer the possibility to break current plastics down into building blocks that can be re-
used for high-value applications, such as fuels. To address these opportunities, research will continue to develop new and
more efficient enzymes for breaking down existing plastics to ease recycling and conversion to fuels.
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Activities and Explanation of Changes

Conversion Technologies

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Conversion Technologies $96,000,000

$17,500,000

-$78,500,000

e $20,000,000 for the Agile BioFoundry consortium
to accelerate the R&D of new biologically-derived
molecules through the completion of > 3 cycles of
DBTL on 2 three target host pairs with at least
100 percent improvement in baseline titer, rate,
and yield. Includes two to three competitive
selections for industry and academic partners.

$3,700,000 for the Agile BioFoundry consortium to
accelerate the R&D of new biologically-derived
molecules through the completion at least two cycles
of DBTL on up to three target host pairs with a further
100 percent improvement in baseline titer, rate, and
yield over FY 2019 accomplishments. Includes
$500,000 for competitive selections for industry
and/or academic partners.

Funds for Agile Biofoundry lab-led activities
will be reduced in the areas of host on-
boarding and additional design-build-test-
learn cycles and support the most
meritorious project proposed by industry
and academic partners to complement the
lab consortium research.

e $12,500,000 for National Laboratory research
under the ChemCatBio consortium on catalytic
upgrading of indirect liquefaction intermediates,
biochemical intermediates, CO, catalytic fast
pyrolysis, catalyst synthesis and characterization,
and computational physics and chemistry for
faster, less-expensive scale-up of catalytic
processes.

$3,200,000 for National Laboratory research under the
ChemCatBio consortium on catalytic upgrading of
indirect liquefaction intermediates, biochemical
intermediates, CO>, catalytic fast pyrolysis, and catalyst
synthesis.

ChemCatBio activities will prioritize
research on upgrading bio-oil to high-value
co-produced bioproducts and CO:
utilization and reduce catalytic work to
identify and mitigate catalyst deactivation
mechanisms and computational chemistry.

e 52,300,000 for Bioproducts R&D with National
Laboratories to synthesize, characterize and test
at least 25 new bio-derived performance-
advantaged materials that will support biofuels
across a range of polymer applications that verify
the predictive model developed in FY 2018.

$700,000 for Performance-Advanced Bioproducts
research at the National Laboratories to predict at
least three properties of a performance differentiated
bioproduct and release a web-based tool for polymer
prediction.

National Laboratory efforts will prioritize
development of a web-based tool for bio-
based polymer property prediction over
production of novel bio-polymers for
testing and developing new molecules

e 53,000,000 for analytical method development
and applied materials issues to support ongoing
projects, includes the development of a single
process control scheme.

$1,900,000 for Analytical method development and
process control to support critical analytical
requirements of the R&D portfolio and implement
real-time automation systems for bioconversion of
lignocellulosic materials.

Analytical method research will prioritize
the development and optimization of an
automated bioreactor for a single process.
Materials compatibility testing will be
deprioritized.

e 54,500,000 for lignin valorization research at the
National Laboratories that will focus on a single
potential pathway to convert at least 50 percent
lignin stream to upgradeable intermediates.

$2,100,000 for lignin valorization research at the
National Laboratories to improve the carbon efficiency
of lignin to high-value co-products, maintaining 50
percent yields of upgradable compounds from lignin.

Research will prioritize cost reductions and
forgo strategies to further increase yield.
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FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

e Competitive selections for renewable energy
from urban and suburban waste, biopower from
municipal solid waste and advanced economic
small-scale anaerobic digestion research.

$500,000 is requested for a competitive selections for
waste feedstock utilization research, such as municipal
solid waste, wet waste streams and/or carbon dioxide.

Funding for competitive selections will
support early-stage research to lower the
cost of biofuel, bioproduct, and biopower
production from waste feedstocks.

e $4,000,000 for research at the National
Laboratories to develop technologies for the
conversion of wet wastes to high value
intermediates and renewable natural gas, and on
conversion of CO2-derived intermediates to fuels
and chemicals

$500,000 for research at the National Laboratories to
develop technologies for the conversion of wet waste
to liquid fuels and products, and analysis of potential
strategies to convert CO; to products.

Lab research will focus strategies to
produce liquid fuels and coproduced
bioproducts from wet waste. No funding is
requested for lab research on strategies
that produce gaseous fuels or power from
wastes.

e 53,000,000 to continue development of
biochemical fermentation for one to two
biochemical processes for the conversion of
lignocellulosic biomass to hydrocarbon biofuels.

$2,900,000 to continue development of biochemical
fermentation for one to two biochemical processes for
the conversion of lignocellulosic biomass to
hydrocarbon biofuels, including cellulase development
to support further cost reductions in biochemical
pathways.

Funds will support research for cellulase
enzyme development specific to
pretreatment methods that facilitate lignin
utilization and a reduced set of
fermentation organisms for the production
of fuels and chemicals.

e $1,500,000 for the Feedstock Conversion
Interface Consortium (FCIC) to quantify,
understand, and manage variability in biomass
from field through downstream conversion and to
understand how biomass composition, structure,
and behavior impacts system performance.

Feedstock Conversion Interface Consortium (FCIC)
research at the National Laboratories will continue
using prior year funds.

No funds for FCIC are requested from
the Conversion subprogram.

e 53,400,000 is for laboratory research under the
Bioprocessing Separations Consortium to reduce
cost and increase efficiency of separations for
thermochemical and biochemical processes
through experimentation and modeling.

$1,000,000 is for laboratory research under the
Bioprocessing Separations Consortium to develop
computational and predictive methods for assessing
separations needs for bioenergy processes.

The Bioprocessing Separations Consortium
will focus on computation and predictive
modeling rather than laboratory
experiments on novel separation
techniques.

e 51,000,000 is for National Laboratory research on
plastic up-cycling and design for recyclability,
including enzyme development, and designing
new bio-derived plastics that have equal or better
performance than existing materials and are
more easily broken down and recycled.

$1,000,000 is to continue National Laboratory research
on plastic up-cycling and design for recyclability,
including enzyme development, and designing new bio-
derived plastics that have equal or better performance
than existing materials and are more easily broken
down and recycled.

No change.

e New competitive selections for Conversion
research with industry and academia to drive

No funding requested

No funding is requested for additional
competitive selections.
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FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

advanced conversion technology processing that
reduces capital costs and increases throughput.
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Bioenergy Technologies
Advanced Development and Optimization
(Formerly Demonstration and Market Transformation)

Description

The Advanced Development and Optimization (ADO) subprogram will continue collaboration with the Vehicle Technologies
Program on the Co-Optimization of Fuels and Engines (Co-Optima) effort in FY 2020 to strengthen the knowledgebase upon
which industry can demonstrate and deploy the next generation of fuels and engines for light- and heavy-duty vehicles that
are co-optimized to support higher efficiency and performance. Co-Optimization of higher-efficiency engines and high
performance fuels has the potential to improve light-duty fuel economy by 35 percent (25 percent from advanced engine
research and 10 percent from co-optimization of advanced engines with fuels) by 2030 compared to 2015 gasoline vehicles.
Through a collaborative R&D effort at nine National Laboratories that includes industry and university partners, the project
explores phenomena related to fuel chemistry — fuel property — engine performance relationships and investigates
preferential fuel options that have potential to maximize domestic fuel sourcing. The effort leverages unique properties
available from domestic biofuels, such as high octane and sensitivity that support higher engine efficiency.

Accomplishments in FY 2018 and FY 2019 include the completion of the evaluation of novel bio-based fuel molecules and
mixtures that provide properties that maximize the efficiency and performance of advanced spark ignition engines for light
duty and advanced mixing controlled compression ignition (MCCl) engines for heavy duty vehicles. Additionally, in FY 2019,
BETO and VTO initiated seven new industry and university projects from a competitive Funding Opportunity Announcement
(FOA) to support Co-Optima project goals. In FY 2020, the R&D focus will shift towards completing the evaluation of fuels
for multi-mode engines for light duty vehicles and evaluating fuels for medium and heavy-duty vehicles. This research will
result in a list of high-potential fuel candidates that provide desirable fuel properties for advanced compression ignition
engines.

The ADO portfolio also includes pilot, demonstration, and pioneer integrated biorefinery projects fully funded by prior
appropriations. The subprogram will continue to manage these existing projects through to completion. Reflecting the shift
in focus to early-stage R&D, no new demonstration projects will be solicited or selected in FY 2020 except through active
management and application of funds from prior years.

The ADO portfolio includes development of first of a kind engineering-scale system testing in relevant environments. The
funded projects are typically integrated technology verifications, where a system or component is being tested at
engineering-scale for the first time in an experimental prototype, and it is realistic to expect additional applied research
refinements will be needed which will feed back into the Advanced Algal Systems, Feedstock Supply & Logistics, Conversion,
Strategic Analysis and Sustainability subprograms following the successful development phase. Verifying these technologies
at smaller partially-integrated scales is essential for reducing risk and technology uncertainty, when tied with the feedback
loop to applied R&D to reduce cost and improve performance of the feedstock and conversion processes. Verification is
vital to establish baselines so that R&D progress can be measured at the end of the project and the successful
accomplishment of the project goal is verified. Additionally techno-economic analysis and lifecycle assessments are of
significantly higher quality when derived from engineering scale data and these analyses are both used to measure progress
and to drive the most impactful applied research.

Support of the integrated testing and pilot-scale work will continue in FY 2020 through the ADO subprogram, as Bioenergy
Technologies Program will leverage previous investments in integrated process development and pilot-scale systems
research capabilities at the DOE National Laboratories including the Integrated Biorefinery Research Facility and
Thermochemical User Facility at the National Renewable Energy Laboratory; the Biomass Feedstock National User Facility at
Idaho National Laboratory; the Advanced Biofuels Process Development Unit at Lawrence Berkeley National Laboratory;
and the HydroThermal Liquefaction (HTL) skid at Pacific Northwest National Laboratory (PNNL). National Laboratory
projects will also evaluate alternate routes to produce jet fuels from biomass, assess performance of co-processing bio-
intermediates with fossil derived intermediates to leverage existing petroleum refinery infrastructure, and investigate bio-
derived fuels (including bio-intermediates and bio-blends) for marine engine uses. Other efforts at the National
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Laboratories will ensure that related technologies, such as catalyst engineering, materials science, and reactor design, are
correspondingly developed to support progress of the entire technology pathway.

In FY 2018 BETO competitively awarded ten projects which, through outlay of prior year obligations, will continue in FY
2020 focused on Process Development for Advanced Biofuels and Biopower. The ten projects are addressing critical R&D
barriers in three different process development areas: 1) Drop-in Renewable Jet Fuel Blendstocks; 2) Drop-in Renewable
Diesel Fuel Blendstocks; and 3) Biomass, Biosolids, and Municipal Solid Waste to Energy.

In FY 2017 BETO began investments in several pilot- and demonstration-scale projects for the manufacture of Advanced or
Cellulosic Biofuels, bio-products, refinery compatible intermediates, or bio-power which will complete phase one activities
in FY 2019. Under this FOA, the two pilot projects developing biofuels and the two pilot projects developing waste-to-
energy technologies were down-selected in FY 2018 to one project in each of these areas to move into phase two using
prior year funds after fully completing the phase one scope of work. Work on these projects continues in FY 2020 through
outlay of prior year obligations carried forward. BETO will also continue its best practice of using an independent engineer
to help with oversight and verification of engineering-scale system testing.

In FY 2017 BETO competitively awarded eight projects which, through outlay of prior year obligations, will continue in FY
2020 focused on R&D challenges within existing integrated biorefineries (IBRs) that need to be addressed to support
reliable and continuous operation. The eight projects are addressing critical R&D barriers in three different sub-system
areas: 1) Robust, continuous handling of solid materials (dry and wet feedstocks, biosolids, and/or residual solids remaining
in the process) and feeding systems to reactors under various operating conditions; 2) High value products from waste
and/or other under-valued streams in an IBR; and 3) Analytical modeling of solid materials (dry and wet feedstocks, and/or
residual solids remaining in the process) and reactor feeding systems.
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Activities and Explanation of Changes

Advanced Development and Optimization

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Advanced Development and Optimization
$57,500,000

$8,000,000

-$49,500,000

$14,500,000 for the Co-Optimization of Fuels and
Engines (Co-Optima) initiative in collaboration
with the Vehicle Technologies Program for
National Laboratory Consortium research for R&D
to identify and evaluate the most promising
biofuel candidates to support efficiency for
advanced mixing controlled compression ignition
(MCCI) engines for heavy duty and multi-mode
spark and compression ignition engines for light
duty. Includes one competitive award for
bioblendstocks for use in MCCI engines.

$5,500,000 for the Co-Optima initiative to
conduct early stage R&D and related analysis by
the National Laboratory Consortium to evaluate
the most promising biofuel candidates to support
fuel economy and efficiency targets for advanced
compression ignition (ACl) engines.

Research under the Co-Optima initiative will
prioritize biofuel candidates for advanced
compression ignition engines conducted by the
National Laboratories. Research on fuels for
multi-mode spark ignition engines for light-duty
vehicles will be deprioritized. No funding is
requested for competitive selections.

Competitive selections for research and testing of
innovative efficient wood heaters.

No funds are requested for wood heater
research.

No funds are requested for wood heater
research.

Competitive selections for research and education
to support increased renewable energy
production from urban and suburban wastes.

No funds are requested for research and
education to support increased renewable energy
production from urban and suburban wastes.

No funds are requested for research and
education to support increased renewable energy
production from urban and suburban wastes.

$14,000,000 to support systems R&D, including
co-processing and materials research, and
continue the integrated testing and pilot-scale
research at the National Laboratories.

$2,000,000 to continue the integrated testing and
pilot-scale research, leveraging previous
investments at the National Laboratories.

No funding is requested to support materials
research or strategies for co-processing of biofuel
intermediates in petroleum refineries.

Competitive selections for Advanced
Development and Optimization with industry and
academia on R&D of scaling systems, and
integration in to reliable processes.

$500,000 for competitive selections to address
challenges to scale-up and integration of biofuels,
bioproducts or biopower systems.

New competitive selection(s) will leverage
existing process development units at National
Laboratories to address systems research needs
with industry and academia.
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Bioenergy Technologies
Strategic Analysis and Crosscutting Sustainability

Description

Strategic Analysis activities provide quantitative analysis to inform the Bioenergy Technologies Program’s decisions
regarding the future direction and scope of its early-stage research and development (R&D) portfolio. Activities include
techno-economic, resource, impact, and risk assessments that provide the analytical basis for planning and assessing
progress against program goals and cost targets. System-level analyses identify the key gaps in existing knowledge and
where additional research could have the greatest impact. Decision support, data management, and analytical tools allow
the program to identify and verify performance goals, and measure progress toward these goals.

Crosscutting Sustainability activities are conducted by National Laboratories, industry, and academic partners to improve
understanding of and focus the research portfolio. This includes research targeting underproductive aspects of agricultural
and forestry systems and leveraging the ability of biomass to improve degraded soil and water resources. Crosscutting
Sustainability research also fills critical knowledge gaps about how to increase bioenergy production without detriment to
food security, air, land, and water resources. This research involves close collaboration with other agencies to ensure that
the results and outcomes provide maximum value.

Key accomplishments of the Strategic Analysis and Crosscutting Sustainability subprogram include the creation of state-of-
the art tools and analyses to answer critical questions about the potential economic and environmental benefits of
bioenergy. For example, the Water Analysis Tool for Energy Resources (WATER) evaluates water use and water quality
effects in the production of biofuels and could ultimately help improve efforts to use water more efficiently if utilized by
industry. In FY 2019, the subprogram developed a regional water availability index module that is capable of simulating
rainwater and surface and groundwater use in bioenergy feedstock production. The model was then used to demonstrate
modeled water quality benefits of bioenergy production based on landscape design in two watersheds in lowa. The Jobs
and Economic Development Impact (JEDI) models estimate the economic impacts of constructing and operating biofuel
plants at the local and state levels. Additional models developed through the subprogram include the Greenhouse Gas,
Regulated Emissions, and Energy Use in Transportation Model (GREET), the Biomass Scenario Model (BSM), the Bioproduct
Transition Systems Dynamics Model, the Landscape Environmental Assessment Framework (LEAF), and the Feedstock
Production Emissions to Air Model (FPEAM).

In FY 2020, funding from Crosscutting Sustainability and Strategic Analysis will support activities at the National
Laboratories. Activities will result in peer-reviewed publications that answer critical research questions about the potential
effects and benefits of emerging advanced bioenergy pathways, helping researchers and industry to capitalize on these
opportunities while mitigating potential challenges. The subprogram will focus on making necessary updates to high-
priority models and tools for use by the program, industry and academia. For example, the subprogram will augment the
water availability index module in the WATER model to include reclaimed municipal wastewater in addition to rain water,
surface and ground water. The subprogram will apply these tools to conduct high-priority analyses focused on
understanding the potential economic and environmental effects of novel bioenergy technologies and processes derived
from biomass and waste streams. The subprogram will conduct analysis to identify innovative strategies for synergistic cost
reduction and environmental benefit associated with bio-based fuel, power, and product development.
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Activities and Explanation of Changes

Strategic Analysis and Crosscutting Sustainability

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Strategic Analysis and Crosscutting Sustainability
$10,000,000

$5,000,000

-$5,000,000

$4,000,000 to update models and tools
(including GREET, WATER, JEDI and LEAF) and
apply them to conduct high-priority analyses
that are expected to result in at least 10 peer
reviewed publications and technical reports.

e $3,500,000 to update to models and tools
(including GREET, WATER, JEDI and LEAF) and
apply them to conduct high-priority analyses
that are expected to result in at least 7 peer
reviewed publications and technical reports.

No Change.

$1,500,000 to fund National Laboratory
analysis of the potential for integrated
landscape management strategies to reduce
the cost of biofuels.

e 51,500,000 to fund National Laboratory
analysis of the potential for integrated
landscape management strategies to reduce
the cost of biofuels.

No Change.

$2,500,000 to fund bioenergy sustainability
research by the National Laboratories to
identify and fill knowledge gaps related to food
security, air, land, and water resources.

e No funds are requested for bioenergy
sustainability research related to food security,
air, land, and water resources.

No funds are requested for bioenergy
sustainability research related to food security,
air, land, and water resources.

Competitive selections on Strategic Analysis
and Crosscutting Sustainability with industry
and academia.

e No funds are requested for a new competitive
selections.

No funds are requested for a new competitive
selections
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Hydrogen and Fuel Cell Technologies

Overview

Hydrogen can be produced from diverse domestic resources — either directly from natural gas, oil, coal, and biomass, or
through water splitting using electricity from any source including renewables and nuclear power. It can be used to store
energy or as a fuel or feedstock in multiple applications across sectors. In the transportation sector, commercially available
fuel cell electric vehicles (FCEVs) using hydrogen can achieve significantly higher efficiencies than combustion engines
without compromising driving range or fueling times, albeit at higher levelized cost of driving. In addition to transportation,
hydrogen and fuel cell technologies can serve stationary applications improving energy security and reliability by providing
responsive back-up power, combined heat and power, and other electric and fuel distribution services.

The generation, storage and use of hydrogen can improve energy sector flexibility by avoiding curtailment of variable
renewable sources like solar and wind, enabling more optimal capacity utilization of baseload nuclear, coal, and natural gas
plants and can increase integration across transportation, industrial, and energy sectors. Thus, fuel cell and hydrogen
technologies can support American energy dominance through safely and efficiently harnessing domestic resources.
However, the highly specialized hydrogen and fuel cell industry is still nascent, and lacks the capabilities and critical mass
resources necessary for the early-stage R&D that can ultimately contribute to successful market impact. Therefore, DOE’s
role under the Hydrogen and Fuel Cell Technologies Program is to focus on early-stage R&D that supports industry efforts to
develop and deploy hydrogen and fuel cell technologies which are cost competitive with conventional technologies.

To improve transportation energy affordability, strengthen national security, support energy dominance and support future
economic growth, DOE performs early-stage R&D on several advanced transportation technology options in the Hydrogen
and Fuel Cell Technologies, Vehicle Technologies, and Bioenergy Technologies Programs. Common metrics across all three
of these programs have been developed to evaluate these advanced options compared to the lifecycle costs and energy
consumption of today’s technologies. Over a lifecycle basis, (vehicle manufacture, fuel production, and fuel use), future
(~2030) modeled conventional technology of a gasoline internal combustion engine vehicle (ICEV) is expected to cost
approximately 27 cents per mile and consume 4,700 Btu per mile.! The Hydrogen and Fuel Cell Technologies Program goals
below are necessary for these new technology options to be more efficient and at least as affordable compared to this
baseline while also accounting for consumer expectations regarding pay back periods.

To be cost competitive with gasoline on a cents-per-mile driven basis, the cost of hydrogen produced, delivered and
dispensed from domestic resources needs to be less than $4/gge and the cost of an automotive fuel cell system needs to be
$30/kW with a life of 150,000 miles. While the program’s focus is on transportation, the research concurrently benefits
stationary fuel cells — such as backup power, reversible fuel cells, or small-scale tri-generation of fuel, heat and power that
provide resiliency and flexibility across multiple sectors. In all cases, the key issue is the need for significant reductions in
cost and improvements in performance and durability. The scope is technology-neutral and feedstock-flexible, emphasizing
low- and medium-temperature fuel cells applicable to transportation, as well as enabling electricity and fuel distribution
reliability and flexibility through cost-competitive hydrogen production, delivery and storage technologies.

The request provides $15,000,000 in support of the Advanced Energy Storage Initiative, which coordinates R&D across the
DOE applied energy offices to advance energy storage and other technologies that create more flexible generation and more
flexible load, thereby increasing the reliability and resilience of the U.S. electric grid. Energy storage is critical to realizing
both a flexible, resilient electrical grid and a modern, affordable transportation system powered by a diverse suite of energy
resources — and energy storage for the grid is complemented by a portfolio of generation and load technologies that
provide flexibility, essential reliability services, and system resilience. The Advanced Energy Storage Initiative will enhance
coordination across EERE and DOE and establish aggressive, achievable, and comparable goals for cost-competitive energy
storage services and applications.

1 See Record #17008 which can be accessed at

https://www.hydrogen.energy.gov/program records.html#program related. Both energy and cost per mile are based on a
15-year vehicle lifetime.
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Highlights of the FY 2020 Budget Request

Fuel Cell R&D will focus on early-stage fuel cell component R&D with potential for transportation and crosscutting
applications. Increased emphasis will be on R&D for transportation applications beyond light duty vehicles, such as
medium and heavy duty vehicles, marine, rail, and air. Early-stage research includes catalysts, membranes, electrodes,
and fuel cell performance and durability. Funding will focus on research that industry either does not have the
technical capability to undertake or is too far from market realization to merit sufficient industry focus and critical
mass.

Hydrogen Fuel R&D will emphasize applied materials research and early-stage component and process development to
support industry to develop and deploy novel hydrogen production and storage technologies capable of utilizing
diverse domestic energy resources. Hydrogen production efforts will emphasize longer-term renewable options that
can completely revolutionize the energy sector, such as advanced water splitting. Additional concepts include biological
production of hydrogen and direct conversion of natural gas to hydrogen plus valuable carbon-based co-products,
rather than conventional reforming which produces hydrogen plus carbon dioxide. Hydrogen storage efforts will
continue to focus on early-stage applied R&D for advanced storage technologies offering high-energy density at lower
pressures and higher round-trip efficiencies compared to today’s systems. These materials-based technologies may
also be applicable to natural gas storage such as for medium and heavy duty applications.

Hydrogen Infrastructure R&D will include early-stage R&D activities to support the H2@Scale concept, which supports
innovations to generate hydrogen as an energy carrier across multiple sectors. By producing hydrogen when power
generation exceeds load, electrolyzers can prevent curtailment of renewables and support grid stability and resiliency,
while also producing a feedstock for end users across a variety of sectors. For example, hydrogen produced from
existing baseload and variable generation assets can be stored, distributed and used as a fuel for process or building
heat or as a chemical feedstock for transportation, stationary power, and industrial sectors, creating an additional
revenue stream. The program will focus on modular, scalable concepts for dispatchable hydrogen production, delivery
and storage, liquefaction, materials development, and integration with diverse generation sources. R&D will also
continue to enable safety and address regulatory barriers, codes and standards.

In FY 2020, the subprogram will continue using the consortium approach and will invest in fundamental and
transformational materials R&D to support industry efforts to develop and deploy viable and safe technologies. Focus
areas include: R&D on high-throughput fueling concepts to support affordable hydrogen for heavy-duty transportation
sectors, such as marine, rail, and trucks; advanced characterization of hydrogen release behavior and materials
compatibility R&D to address regulatory barriers; and advanced concepts for affordable and reliable infrastructure
component technologies.

Highlights include competitively selected projects that also leverage National Laboratory state-of-the-art capabilities, such
as advanced computational and experimental tools, to accelerate materials breakthroughs and innovations in early-stage
R&D. Focus areas through ‘virtual’ lab-led consortia, are:

ElectroCat for PGM-free catalysts;

HydroGEN for advanced water-splitting;

HyMARC for hydrogen storage materials research; and
H-Mat for hydrogen materials compatibility R&D.
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Hydrogen and Fuel Cell Technologies
Fuel Cell R&D
Hydrogen Fuel R&D
Hydrogen Infrastructure R&D
Systems Analysis
Safety, Codes and Standards
Technology Acceleration
Total, Hydrogen and Fuel Cell Technologies

SBIR/STTR:

e FY 2018 Transferred: SBIR $3,680,000; STTR $518,000
e FY 2019 Projected: SBIR $3,840,000; STTR $540,000

e FY 2020 Request: SBIR: $1,408,000; STTR: $198,000

Energy Efficiency and Renewable Energy/
Hydrogen and Fuel Cell Technologies

Hydrogen and Fuel Cell Technologies
Funding ($K)

FY 2018 FY 2019 FY 2020 FY 2020 Request vs
Enacted Enacted Request FY 2019 Enacted
32,000 30,000 8,000 -22,000
54,000 39,000 20,000 -19,000
0 21,000 15,000 -6,000
3,000 2,000 1,000 -1,000
7,000 7,000 0 -7,000
19,000 21,000 0 -21,000
115,000 120,000 44,000 -76,000
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Hydrogen and Fuel Cell Technologies
Explanation of Major Changes ($K)

FY 2020 Request vs
FY 2019 Enacted

Hydrogen and Fuel Cell Technologies
Fuel Cell R&D: In FY 2020, the subprogram will focus on early stage innovations, including medium/heavy duty and other applications while
continuing work on light duty vehicle requirements. The subprogram will reduce funding for the Fuel Cell Performance and Durability (FC-
PAD) consortium and will increase reliance on the private sector for this work. The subprogram will also reduce R&D efforts on reversible
fuel cells that store energy and generate power until feedback from innovative projects initiated in FY 2019 can inform the direction of
future R&D. -22,000

Hydrogen Fuel R&D: In FY 2020, the subprogram will focus on early-stage applied materials R&D for hydrogen production and storage. The
program will reduce efforts within the HydroGEN consortium in order to explore innovative concepts such as biological hydrogen
production and natural gas to hydrogen and valuable carbon-based co-products. As part of the Advanced Energy Storage Initiative, the FY
2020 focus will expand beyond onboard vehicular storage to include innovative concepts to reduce electrolyzer cost and hydrogen as a
form of energy storage that can improve flexibility and resiliency within and across the energy, transportation, and industrial sectors. -19,000

Hydrogen Infrastructure R&D: In FY 2020, the subprogram will develop advanced concepts to support H2@Scale and hydrogen station
infrastructure. The subprogram will also conduct early-stage R&D to increase the security and resilience of the Nation’s critical
infrastructure under H2@scale including opportunities for Hz energy storage and electrolyzer systems integration R&D (in support of the
Advanced Energy Storage Initiative), materials compatibility R&D, infrastructure related component technologies, and innovative
hydrogen carriers contributing to a strong domestic economy and energy independence, security & resilience. This R&D includes activities
to address safety, codes, standards, and regulatory issues. -6,000

Systems Analysis: In FY 2020, the program will focus on providing analysis to identify key areas in which to strategically prioritize R&D

efforts. -1,000
Safety, Codes and Standards: No funding requested in FY 2020. -7,000
Technology Acceleration: No funding requested in FY 2020. -21,000
Total, Hydrogen and Fuel Cell Technologies -76,000
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Hydrogen and Fuel Cell Technologies
Fuel Cell R&D

Description

The Fuel Cell R&D subprogram supports early-stage R&D to expand the body of knowledge upon which industry can
develop and deploy technologies that improve durability, reduce costs, and enhance performance (e.g. power, efficiency,
start-up time, transient response, etc.) of fuel cells. Key goals include validating concepts that reduce the modeled high-
volume cost of automotive fuel cells to $40/kW and improve fuel cell durability to 5,000 hours (approximately 150,000 miles of
driving) for automotive systems by 2025 as an interim step towards the ultimate goal of achieving direct cost competitiveness
with internal combustion engine light duty vehicles at $30/kW and 8,000 hours beyond 2030. Innovations resulting from
subprogram activities have facilitated a more than 50 percent cost reduction in fuel cells developed and deployed by industry
over the last decade. Nevertheless, modeled automotive fuel cell costs for high manufacturing volumes (100,000 units/year) is
roughly $50/kW (the low-volume cost, associated with current production levels, is estimated at roughly between $180/kw
and $230/kW based on input from OEMs). Similarly, the subprogram has supported a four-fold increase in durability in the last
decade, now at over 4,200 hours, but an additional doubling is necessary to be comparable to incumbent technologies. These
differences represent the potential for knowledge generated through early-stage R&D to foster substantial technology
advances by industry. Funding is focused on longer-term, high risk research areas with commercial application expected
beyond the near-term (~5 year) investment focus of industry.

The planned early-stage R&D, conducted through competitively selected projects, will focus on automotive and
medium/heavy duty applications with high potential for knowledge spillover benefits relevant to other uses such as
distributed power for resiliency (primary and backup), auxiliary power units (APUs), and marine and rail applications. The
program will ensure continued industry engagement through the US DRIVE partnership which will provide feedback on the
program’s early-stage precompetitive R&D and will encourage industry partnership with the National Laboratories through
CRADAs. While the focus is on polymer exchange membrane (PEM) fuel cells, the portfolio is technology neutral and
projects may include exploration of alkaline membrane fuel cells, medium-temperature fuel cells such as phosphoric acid
fuel cells, and higher-temperature fuel cells like molten carbonate fuel cells, as long as they are expected to contribute to
the program goals.

In FY 2020, the Fuel Cell R&D subprogram will focus R&D in the key Figure 1: R&D Focuses on High Cost Areas
areas of fuel cell components and materials, as well as fuel cell

performance and durability. Figure 1 shows the primary contributors 2016 Fuel Cell Cost Breakdown

to cost based on state-of-the-art technology both at high volume and 500,000 Systems/Year

High-Volume

low volume, emphasizing the importance of catalysts, as well as other
components such as membranes, ionomers, bipolar plates, and gas

diffusion layers (GDLs).! Key challenge:

Catalyst

Today, the fuel cell industry relies entirely on platinum based
catalysts and automakers have focused on commercializing vehicles
rather than on game-changing early-stage research to displace _

. . .  Bipolar Plates Membranes
platinum. Discovery and development of platinum group metal (PGM) u Catalyst + Application mGDLs

. . .. W MEA Frame/Gaskets m Balance of Stack
free catalysts and electrodes, with equivalent activity and 1000S "
. , t

performance, could reduce fuel cell stack cost by approximately 40 ye ems/Tear
percent. The removal of PGMs will also mitigate US dependence on
South Africa, Russia, China and other countries for precious metal
imports. Therefore, the subprogram will place particular emphasis on
expediting the development of PGM-free catalysts and electrodes.
This will be achieved by streamlining private industry and university
access to National Laboratory capabilities through the lab-led
consortium, ElectroCat ($4,000,000). Through Lab AOP funding of

Key challenge:
Membrane

! Program Record, https://www.hydrogen.energy.gov/pdfs/16020 fuel cell system cost 2016.pdf
Energy Efficiency and Renewable Energy/
Hydrogen and Fuel Cell Technologies 83 FY 2020 Congressional Budget Justification



https://www.hydrogen.energy.gov/pdfs/16020_fuel_cell_system_cost_2016.pdf

ElectroCat, the subprogram will include advanced high-performance computing, unique synthesis and characterization
tools, and high-throughput combinatorial approaches focused on the development, processing, component integration,
qualification and end-use of PGM-free catalysts and electrodes into membrane electrode assemblies (MEAs). These
modeling and experimental approaches will capture the effects of materials processing and end-use performance and will
accelerate advanced materials R&D. Activities will leverage the unique capabilities existing at the National Laboratories,
including fuel cell modeling, proof of concept testing, and cost analysis to guide R&D prioritization.

The subprogram will also focus on stack and balance of plant components, including low PGM catalysts, for medium and
heavy duty applications which require much more aggressive durability targets — more than five-fold higher than
automotive durability targets ($2,000,000). These efforts will also support stationary applications for power generation and
energy storage which require meeting long-term targets of less than $1,250/kW capital cost and a cycle life of 5,000 cycles.*

In addition, the subprogram will fund low-technology readiness level (TRL)? component and component integration R&D
through competitively selected projects ($2,000,000) to enable a domestically manufactured fuel cell stack and/or balance
of plant system.

To maximize the impact of government funding and avoid duplication, R&D efforts will leverage outside activities, through
coordination with other offices and agencies, including the Office of Science, the Office of Nuclear Energy, the Office of
Fossil Energy, the National Science Foundation (NSF), the National Aeronautics and Space Administration (NASA), and the
Department of Defense (DoD).The subprogram will also continue to support peer reviews, prize competitions, and relevant
activities under the Energy Policy Act of 2005 (EPACT) and relevant legislation, including analyses supporting the Federal
advisory committee (the Hydrogen and Fuel Cell Technical Advisory Committee) and the interagency working group.
Consistent with rigorous peer review processes, competitive selection of projects in topic areas will be determined based
on the relative merit, applicability, and potential for R&D progress, including lab calls and calls for Cooperative Research
and Development Agreements (CRADAs) with industry and academia.

L https://www.energy.gov/sites/prod/files/2017/03/f34/qtr-2015-chapter3.pdf, Chapter 3, Table 3.C.2

2 https://www.directives.doe.gov/directives-documents/400-series/0413.3-EGuide-04/@ @images/file, p. 9.
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Activities and Explanation of Changes

Fuel Cell R&D

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Fuel Cell R&D $30,000,000

Fuel Cell R&D $8,000,000

-$22,000,000

e Approximately $6,000,000 to fund projects
through ElectroCat consortium, including core
experimental, computational, and machine
learning capabilities at National Laboratories to
support development of PGM-free catalysts to
meet 29 mA/cm?2 target (80 percent improvement
over 2016 baseline).

e Approximately $14,000,000 to support projects
which include National Laboratories, on promising
early-stage component R&D, such as reversible
fuel cells, innovative concepts, and fuel cell
performance and durability R&D to meet
performance and durability targets (e.g. $40/kW
and 5,000 hour durability).

e Approximately $10,000,000 to competitively select
approximately three to six industry/university
projects on R&D for components such as catalysts
and electrodes, and fuel cell
performance/durability for applications requiring
high durability (e.g., medium/heavy duty vehicles),
and two industry/university projects for reversible
fuel cell R&D for energy storage applications.

e Approximately $4,000,000 to fund and maintain
core experimental, computational, and machine
learning capabilities at four National Laboratories
to support development of PGM-free catalysts
through the ElectroCat consortium

No funding requested.

e Approximately $2,000,000 to competitively select
projects on component/ integration R&D to enable
domestically manufactured fuel cell stack and/or
balance of plant/system, with potential to achieve
the fuel cell system cost target of $40/kW.

e Approximately $2,000,000 to competitively select
industry/university projects on R&D for
components such as catalysts and electrodes for
applications requiring high durability (e.g.,
medium/heavy duty vehicles).

e Maintain critical mass of activities in support of
ElectroCat while enabling prioritization of early-
stage R&D in other subprogram areas to meet
durability goals for medium and heavy duty
vehicles.

e Pending outcomes from prior year projects to

inform future R&D direction.

e The program plans to fund competitively selected
projects.

e Reduce number of new projects to allow sufficient
time for prior year projects to deliver results and
lead to downselects. No new funding for reversible
fuel cell R&D. Projects selected in FY 2018 and FY
2019 will continue through outlay of prior year
obligations.
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Hydrogen and Fuel Cell Technologies
Hydrogen Fuel R&D

Description

The Hydrogen Fuel R&D subprogram supports foundational and applied materials research as well as technology
development to support industry efforts to develop and deploy novel hydrogen production and storage technologies
capable of utilizing a diversity of domestic energy resources. The overarching goal of the Hydrogen Fuel R&D subprogram is
to advance viable options for hydrogen production and storage which could ultimately lead to industry development and
commercialization, thereby enhancing energy security, economic growth, and environmental benefits. A key subprogram
goal is to focus early-stage R&D on the production of hydrogen from diverse domestic resources at a production cost of less
than $2/gge (untaxed, at high volumes, target is <$4/gge with delivery). This target represents the threshold at which
hydrogen for FCEVs will be competitive on a cent-per-mile basis with conventional vehicles due to the inherently higher fuel
efficiency of fuel cell electric vehicles. High-level techno-economic and life-cycle analyses will continue to provide important
guidance on subprogram priorities in foundational and applied research needs for hydrogen fuel.

The hydrogen production component of the Hydrogen Fuel R&D subprogram includes the HydroGEN consortium
(56,000,000) and will address early-stage R&D in the following key areas: (1) high temperature thermochemical hydrogen
production; (2) direct photoelectrochemical (PEC) hydrogen production; and (3) low and high temperature electrolysis. By
leveraging the DOE Energy Materials Network (EMN), the subprogram will continue to emphasize advanced high
throughput/combinatorial approaches to enable rapid identification and development of promising materials essential for
dramatic advances in water-splitting pathways. Specific research areas include new catalysts, membranes, electrode
structures, energy conversion materials, and materials compatible with hydrogen at a broad range of temperatures and
pressures. The HydroGEN EMN includes six core National Laboratories, competitive solicitations and CRADA calls to
encourage partnerships with industry and academia. The FY 2020 activities will include a competitive solicitation, and at
least six direct funded National Laboratory projects focused on advanced water splitting and leverage the HydroGEN EMN
Consortium.

Additional subprogram focus areas ($4,000,000) will include early-stage foundational research in technologies for
widespread domestic hydrogen production outside the water-splitting pathways covered in HydroGEN. Topics include
innovative biological approaches, and hybrid systems efficiently leveraging fossil, nuclear and renewable resources, such as
natural gas to hydrogen and valuable carbon co-products instead of conventional steam methane reforming. FY 2020
activities in these areas will include competitive solicitations to select at least four high-impact research projects that may
include industry, university and National Laboratory partners.

To enable efficient and low-cost energy storage to increase grid resiliency and flexibility, activities ($6,000,000) will include
early-stage R&D on grid-capable electrolyzers, including materials optimization and innovative concepts for advanced
electrode fabrication and optimizing catalyst-electrode interfaces. Efforts will include early-stage concepts such as lower
catalyst loadings and thinner but more durable membranes that can also be manufactured at scale. These efforts are part
of the Advanced Energy Storage Initiative and have potential to reduce the cost and improve the performance of grid-
connected electrolyzers.

The Hydrogen Fuel R&D subprogram is also developing advanced technologies to enable efficient and cost-effective
hydrogen storage systems ($4,000,000), contributing to the Advanced Energy Storage Initiative. Examples include materials-
based storage, with potential for significantly improved energy density and performance through the HyMARC EMN
Consortium and techno-economic analysis and modeling at the National Laboratories to guide early stage R&D activities.
The program’s hydrogen storage activities will be coordinated with the Vehicle Technologies Office’s on-board natural gas
storage research.

The overarching goal of the program’s hydrogen storage efforts has focused on on-board vehicle storage to enable a driving
range of more than 300 miles (~500 km), while meeting the cost and performance requirements of current and future
vehicle markets. Automakers have recently started to lease and sell vehicles that can achieve a driving range of more than
300 miles with 700 bar compressed hydrogen. However, at 700 bar, the energy density of hydrogen is only about 15
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percent the energy density of gasoline. So even with the higher efficiency of hydrogen fuel cell vehicles, the hydrogen
storage system is about four times larger than today's conventional gasoline tanks. Industry will need to develop and deploy
advanced storage approaches to achieve a driving range of 300 miles across all platforms without compromising passenger
and cargo space or performance, and at a cost that will be commercially viable.

Through collaboration with industry, the subprogram has established on-board automotive storage density goals (for
gravimetric and volumetric density) along with a long-term system cost target of $8/kWh. While some promising hydrogen-
rich materials have been identified, no single material has been identified that meets all storage requirements
simultaneously, reinforcing the long-term nature of this materials R&D challenge. The work in this subprogram may also be
applicable to natural gas storage for medium or heavy duty vehicles.

In FY 2020, the subprogram will focus on unique National Laboratory capabilities to advance hydrogen storage materials
R&D, maintain U.S. scientific leadership, and enable industry to double the energy density compared to today’s 700 bar
systems. Aligned with the Hydrogen Infrastructure and H2@Scale efforts, analysis of advanced technologies for bulk
hydrogen storage and transport will be performed to guide early-stage R&D efforts. To address grid stability and resiliency,
this subprogram will develop advanced bulk hydrogen storage technologies with high round-trip efficiency capable of
providing long-duration storage at low-pressure. These technologies will include materials-based technologies, such as
hydrogen carriers.

To maximize the impact of government funding the subprogram will increasingly leverage world-class capabilities at the
National Laboratories (e.g. using National Laboratory Consortium models). These capabilities, which are supported by DOE,
will be made available to facilitate collaborative stakeholder activities and investments in early-stage R&D for hydrogen
production and storage through competitive solicitations and laboratory calls as well as funds-in CRADA calls. To further
maximize government funding impact and avoid duplication, R&D efforts will leverage outside activities, through
coordination with other offices and agencies, such as the Office of Science, National Science Foundation, National
Aeronautics and Space Administration, and Department of Defense. The subprogram will also continue to support peer
reviews, safety R&D relevant to hydrogen production and storage, prize competitions, and relevant activities under EPACT
and relevant legislation, including analyses supporting the Federal advisory committee (the Hydrogen and Fuel Cell
Technical Advisory Committee) and the interagency working group. Consistent with rigorous peer review processes,
competitive selection of projects in key topic areas will be determined based on the relative merit, applicability, and
potential for R&D progress, including lab calls and calls for CRADAs with industry and academia.
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Activities and Explanation of Changes

Hydrogen Fuel R&D

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Hydrogen Fuel R&D $39,000,000

Hydrogen Fuel R&D $20,000,000

-$19,000,000

e Approximately $4,000,000 to competitively select
early-stage university/industry seedling projects to
collaborate with the HydroGEN Consortium to
achieve hydrogen production at $2/gge.

e Approximately $9,000,000 for core capabilities and
early-stage advanced water splitting projects at
National Laboratories as part of the HydroGEN
consortium.

e Approximately $4,000,000 to competitively select
university/industry early-stage R&D projects on
production of hydrogen from biomass and
production of value-added co-products.

e Approximately $6,000,000 to competitively select
university/industry early-stage seedling projects,
and to support National Laboratory efforts within
HyMARC. Use computational materials design to
prioritize research strategies that will identify
materials relevant for use on board medium and
heavy-duty truck applications.

e 52,000,000 to fund advanced water splitting early-
stage university/industry seedling projects to
collaborate with the HydroGEN Consortium to
achieve hydrogen production at $2/gge.

e Approximately $4,000,000 to maintain the most
critical core capabilities at relevant National
Laboratories in support of HydroGEN consortium.

e Approximately $4,000,000 to competitively select
university/industry projects to investigate early-
stage concepts such as biological and direct
conversion of natural gas to hydrogen and
solid/chemical carbon co-products.

e Approximately $3,000,000 to support National
Laboratory projects within HyMARC that provide
core capabilities.

e Approximately $6,000,000 to competitively select
projects on R&D to enable low-cost and efficient
grid-connected electrolyzers for low-cost energy
storage.

Approximately $1,000,000 to support National
Laboratory projects to determine the baseline
performance of bulk hydrogen storage and
transport technologies aligned with H2@Scale
efforts and explore innovative concepts on
hydrogen carrier and bulk storage technologies.

e Focus on downselects of prior year seedlings
work on advanced splitting projects.

Maintain critical mass of activities in support of
HydroGEN through prioritization of the most
utilized consortium capabilities at the National
Laboratories.

e Sustain efforts on innovative concepts for
biological production and natural gas to hydrogen
and solid/chemical carbon co-products initiated in
FY 2019 and not currently pursued by industry or
commercially viable.

e No new university/industry projects will be
competitively selected. Sustain funding on
National Laboratories projects within HyMARC
that provide core capabilities.

o Increase focus on innovative materials targeted
for use in electrolyzers for grid-connection for
low-cost energy storage applications.

Increase focus on hydrogen energy storage
beyond automotive on-board storage.
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Hydrogen and Fuel Cell Technologies
Hydrogen Infrastructure R&D

Description

The Hydrogen Infrastructure R&D subprogram supports the program’s mission through applied early-stage research and
technology development to enable industry to develop novel hydrogen infrastructure and bulk storage technologies
capable of utilizing a diversity of domestic energy resources. The subprogram includes R&D for H2@Scale across multiple
sectors to increase the security and resilience of the Nation’s critical infrastructure, including opportunities for hydrogen
energy storage, grid services, and enabling a domestic supply chain.

The cost and reliability of technologies at hydrogen fueling stations, Figure 2: Hydrogen Fueling Infrastructure

such as liquid pumps, compressors, storage, chillers, and dispensers, Maintenance by Technology
are driven by numerous technical challenges, including materials
compatibility, materials durability under cryogenic and high-pressure Air Systems

. . . . . . . Electrical 4% 3%
conditions, and inefficiencies of conventional mechanical processes. ) o

The subprogram is pursuing advances in innovative technologies for Storage 5% \
hydrogen delivery and station components that can enable industry Safety \
to reduce delivery costs to $5/gge by 2025 with an ultimate target of Systems 9% \

$2/gge (at high volumes). R&D includes scalable technologies

capable of high-throughput dispensing and storage to enable 5
affordable hydrogen for a range of applications including C:g;’ ;
medium/heavy-duty, maritime, or rail transportation. This includes

activities to address safety, codes and standards issues for various

components and applications. G

26%

By focusing on R&D of innovative materials for emerging
technologies in hydrogen compression, liquefaction, transport,
storage & dispensing the subprogram is investing in early-stage, innovative technologies that enable America to harness its
energy resources safely and efficiently. Figure 2 shows the major hydrogen fueling station components that most
commonly result in downtime at the stations, based on data collected from fueling stations since 2011. Early-stage R&D will
focus on improving the performance and availability of these technologies. Examples include improving the durability of
materials used in dispensing hoses, compressor seals, and hydrogen storage vessels. In support of the H2@Scale initiative,
the subprogram will leverage National Laboratory and industry capabilities to continue R&D of innovative materials systems
for viable, highly efficient hydrogen liquefaction; and integrate computational models of hydrogen diffusion with advanced
guantitative risk analysis to address safety, codes and standards, and enable reductions in station footprint.

The H2@Scale activity ($8,000,000) will also focus on exploratory R&D to identify and develop early-stage concepts with
potential to enable significant cost reductions in the storage, use, and transport of hydrogen, with three focus areas: 1)
Innovative concepts for low-cost, safe, bulk storage of hydrogen (e.g. carriers); 2) Systems integration R&D to enable the
use of hydrogen production technologies in diverse applications, including grid resiliency; and 3) R&D on high-throughput
fueling concepts to enable safe and affordable hydrogen supply to heavy-duty transportation sectors, such as marine, rail,
and trucks. Electrolysis technologies have potential to facilitate grid resiliency and energy storage through dynamic
integration, given their ability to respond to grid signals within sub seconds. Emerging electrolysis technologies also have
potential to use electricity and heat from baseload power generators, such as nuclear power plants, which cannot turn up
and down quickly in response to variable generation and curtailments from renewables.

The integration of hydrogen technologies with existing electricity infrastructure will be explored through industry-led R&D
projects in collaboration with National Laboratories, in support of the DOE’s Advanced Energy Storage Initiative (55,000,000
of the $8,000,000 H2@Scale activity). Projects may include evaluation of novel materials and electrolyzer stack concepts,
along with early-stage simulations, including systems integration R&D, such as integrating nuclear and renewables with
hydrogen production and utilization. H2@Scale activities will be coordinated with relevant programs on end-use of
hydrogen such as synthetic fuels production.
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Other focus areas of the Infrastructure program include advanced characterization of hydrogen release behavior, safety,
and materials compatibility R&D to address regulatory barriers ($3,000,000) and the Hydrogen Materials (H-Mat)
Consortium ($4,000,000). Launched in FY 2019, H-Mat will assess compatibility of both metallic and non-metallic materials
with hydrogen service. Focus areas will include materials concepts for safe and affordable bulk storage and hydrogen
dispensing. Foundational R&D within H-Mat will focus on scientific tools to predict and enhance materials compatibility,
durability, and performance. Computational materials science will be used to better understand the physics of hydrogen-
induced degradation and to assess the relevant microstructural properties such as fracture and fatigue. This information
will enable a structural assessment of materials in relevant design spaces, and will also promote development of new
materials, components, selection criteria, test methods, and failure mitigation strategies.

Another area of research, Hydrogen-Rich Materials as Hydrogen Carriers, will include foundational research to identify and
develop hydrogen carriers with the potential to store and transport hydrogen at ambient temperatures, low pressures, and
with significantly greater energy densities compared with current high-pressure gaseous tube trailer or liquid tanker
options. Due to these attributes, chemical carriers such as methyl-cyclohexane, formic acid, methanol and others could
offer game-changing value in large-scale hydrogen transport/export applications. These carrier concepts are still far from
commercial realization due to challenges with: chemical durability under repeated hydrogenation/dehydrogenation cycling;
energy efficiency of hydrogenation and/or dehydrogenation processes; catalyst reliability; and costs of chemical synthesis
and regeneration. Fundamental materials discovery and development of high-performance, low-cost carriers and catalysts
will be the emphasis.

To maximize the impact of government funding and avoid duplication, R&D efforts will leverage outside activities, through
coordination with other offices and agencies, such as the Office of Science, National Science Foundation, National
Aeronautics and Space Administration, Department of Transportation, and Department of Defense. The subprogram will
also continue to support peer reviews, safety R&D relevant to hydrogen production, delivery and storage, and relevant
activities under EPACT and relevant legislation, including analyses supporting the Federal advisory committee (the
Hydrogen and Fuel Cell Technical Advisory Committee) and the interagency working group. Activities will also include at
least $100,000 for STEM and workforce development. Consistent with rigorous peer review processes, competitive
selection of projects in key topic areas will be determined based on the relative merit, applicability, and potential for R&D
progress, including lab calls and calls for CRADAs with industry and academia.
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Activities and Explanation of Changes

Hydrogen Infrastructure R&D

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Hydrogen Infrastructure R&D $21,000,000

Hydrogen Infrastructure $15,000,000

-$6,000,000

e Approximately $4,000,000 to fund National
Laboratory projects that address R&D needs
identified in H2@Scale roadmap, including
liquefaction efficiency, advanced compression, and
pre-cooling. Complete technical report detailing
one viable metal hydride compression concept.

e Approximately $3,000,000 to fund National

Laboratory projects that address R&D needs
identified in H2@Scale roadmap. Focus areas
include hydrogen release behavior and advanced
sensors.

e Fund fewer R&D projects, but with more funding
per project, to focus on addressing the most critical
regulatory barriers.

Approximately $3,000,000 to competitively select
projects that initiate early-stage R&D on dispensing
technologies for heavy-duty applications (e.g.
nozzles in collaboration with Technology
Acceleration subprogram.

Approximately $10,000,000 to competitively select
and fund industry/university-led and National
Laboratories work on foundational R&D that
increases materials service life 2X by 2022, through
H-Mat.

Approximately $4,000,000 to competitively select
and fund industry/university-led and National
Laboratory projects that explore chemical carriers
with potential to achieve a 2X increase in storage
capacity versus high pressure tanks by 2022..

e Approximately $5,000,000 to competitively select

industry and National Laboratory projects on
electrolyzer integration R&D to support Advanced
Energy Storage Initiative.

e Approximately $1,000,000 to fund R&D project on

dispensing technologies for heavy-duty
applications.

e Approximately $4,000,000 to fund

industry/university-led and National Laboratory
projects on the advancement of materials used in
fueling technologies through H-Mat with a focus
on R&D for heavy-duty fueling applications and
energy storage.

e Approximately $2,000,000 for continued support

of National Laboratory projects to develop
chemical carriers with potential to achieve a 2X
increase in storage capacity versus high pressure
tanks by 2022.

¢ Increase efforts in support of DOE’s Advanced
Energy Storage Initiative.

e Discontinue collaboration with Technology
Acceleration subprogram and refocus efforts on
most impactful earlier-stage concepts.

e Refocus H-Mat materials R&D on heavy duty
fueling applications and on activities supporting
DOE'’s Advanced Energy Storage Initiative.

e Focus R&D efforts on most promising chemical
carrier activities identified through prior year
activities. No new competitively selected projects
will be funded.
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Hydrogen and Fuel Cell Technologies
Systems Analysis

Description

The Systems Analysis subprogram performs the analytical research that provides a technical basis for informed decision
making for the program's R&D direction and prioritization. Analyses include identifying synergies and interactions with other
energy sectors such as natural gas as well as assessing R&D gaps, planning, and budgeting. The subprogram gauges the
requirements of potential end-users to determine metrics for processes, components, and subsystems. Results also support
annual updates to key planning documents that provide direction and milestones for the program, including peer reviews.

The Systems Analysis subprogram ($1,000,000) will continue to develop, refine, and use analytical models and tools, as well as
develop program milestones and technology readiness goals. The subprogram will perform techno-economic analysis with
increased emphasis on hydrogen infrastructure to identify research and technology gaps, as well as risks, to guide targeted
applied early-stage R&D that will enable the sustainability and domestic competitiveness of hydrogen and fuel cell
technologies. Underlying technical analysis is included for technology-related go/no-go decisions. Identifying and
understanding potential opportunities/system trade-offs can be determined through modeling and analyzing the synergies
between hydrogen and fuel cells with other emerging technologies and fuels such as natural gas/biogas, and nuclear energy
(e.g. related to H2@Scale), medium and heavy duty vehicles, and energy systems. The subprogram will support approximately
three direct funded National Laboratory projects for these activities with industry and university participation.

Analysis efforts will leverage outside activities, through coordination with other offices and agencies and will support peer
reviews and relevant activities under EPACT and relevant legislation, including analyses supporting the Federal advisory
committee (the Hydrogen and Fuel Cell Technical Advisory Committee) and the interagency working group.
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Activities and Explanation of Changes

Systems Analysis

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Systems Analysis $2,000,000

$1,000,000

-$1,000,000

e Approximately $300,000 for National Laboratory
project to assess impact of fuel cell performance,
including on the life cycle cost for hydrogen and
fuel cell technologies.

e Approximately $600,000 for National Laboratory
project to identify early R&D that can maximize
energy independence and increase fuel diversity,
including regional impacts. Complete report
assessing diverse regional opportunities for
hydrogen production and demand.

e Approximately $100,000 for National Laboratory
project to assess program milestones and
technology readiness goals. Analysis will be used to
prioritize FCTO R&D activities and inform updates
to multi-year plans.

e Approximately $1,000,000 for National Laboratory
project to support analysis with the Office of
Nuclear Energy on the potential for hydrogen
generation through nuclear baseload sources,
including hydrogen hybrid energy systems and
novel nuclear power generation technologies.

e Approximately $200,000 for National Laboratory

project to assess life cycle cost for hydrogen and
fuel cell technologies in novel transportation
applications (e.g. rail, marine).

e Approximately $200,000 for National Laboratory

project to identify early-stage R&D that can
maximize energy independence and increase fuel
diversity, including evaluating bulk storage
technology requirements regionally.

e Approximately $100,000 for National Laboratory

project to continue assess program milestones and
technology readiness goals. Analysis will be used to
inform target-setting and priorities.

e Approximately $500,000 for continued support of

National Laboratory project in coordination with
the Office of Nuclear Energy, to analyze the
potential for hydrogen generation through nuclear
baseload sources including hydrogen hybrid energy
systems and novel nuclear power generation
technologies.

o Shift focus from analysis of the costs of driving
heavy duty vehicles, to other emerging
applications in transportation.

e Reduce efforts on resource analysis, and prioritize
R&D evaluating bulk storage opportunities.

e No change.

e Reduced budget and scope to focus on hydrogen
hybrid energy systems and novel nuclear power
generation technologies in collaboration with the
Office of Nuclear Energy at reduced funding level.

Energy Efficiency and Renewable Energy/
Hydrogen and Fuel Cell Technologies

96

FY 2020 Congressional Budget Justification




Hydrogen and Fuel Cell Technologies
Safety, Codes and Standards

Description

Reflecting the priorities for critical mass in hydrogen infrastructure R&D, no funding is requested for the Safety, Codes and
Standards subprogram in FY 2019 and FY 2020. Safety considerations will continue to be an important parameter and
integrated into early-stage R&D projects and activities funded through the Hydrogen Fuel, Fuel Cell and Infrastructure R&D
subprograms, including best practices and procedures to ensure safety in the operation, handling, and use of hydrogen and
fuel cell technologies in program-funded projects. Some management activities related to the execution of prior year
appropriations will continue until completion.
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Activities and Explanation of Changes

Safety, Codes and Standards

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Safety, Codes and Standards $7,000,000

Safety, Codes and Standards $0

-$7,000,000

e Approximately $2,000,000 to fund National
Laboratory projects that support development of
codes and standards by industry through H-Mat
Consortium. R&D activities include generation of
data on metallic and polymeric materials of
interest to reduce costs of hydrogen infrastructure
applications.

e Approximately $2,000,000 to fund National
Laboratory projects that support the reduction of
bulk liquid hydrogen storage separation distances
as required by hydrogen technology safety codes.
R&D will continue to validate cryogenic hydrogen
behavior models at laboratory scale, and inform
improvements to existing quantitative risk
assessment models.

e Approximately $3,000,000 to fund National
Laboratory projects that address critical technical

gaps for key safety-related hydrogen infrastructure

components (e.g. contaminant detectors, and
sensors). Complete study of hydrogen behavior in
enclosed spaces to inform hydrogen sensor
technology development.

e No funding is requested for this activity in FY 2020.

Some management activities related to the
execution of prior year appropriations will
continue until completion.

e To ensure safety R&D is incorporated throughout
the program, no separate subprogram funding is
requested for Safety Codes and Standards
activities. Safety considerations will continue to be
an important parameter integrated into early-stage
R&D projects and activities funded through the
Hydrogen Fuel, Fuel Cell and Infrastructure R&D
subprograms. The Hydrogen Fuel, Fuel Cell and
Infrastructure R&D subprograms will promote best
practices and procedures to ensure safety in the
operation, handling, and use of hydrogen and fuel
cell technologies in program-funded projects.
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Hydrogen and Fuel Cell Technologies
Technology Acceleration

Description

The Technology Acceleration subprogram is focused on accelerating the transition from R&D to commercial viability and
market acceptance. Reflecting the shift in focus to early-stage research and development, no funding is requested for the
Technology Acceleration subprogram in FY 2020. In FY 2019, the subprogram plans to complete on-going projects to
demonstrate fuel cell and hydrogen technology in new applications, develop diagnostics for defect detection on roll-to-roll
manufacturing of membrane electrode assembly (MEA) materials (e.g. MEA, membranes, etc.) and provide data to predict
whether FCEVs and hydrogen refueling stations can meet program targets through use of prior year funding. Some
management activities related to the execution of prior year appropriations will continue until completion.
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Technology Acceleration
Activities and Explanation of Changes

Explanation of Changes
FY 2019 Enacted FY 2020 Request FY 2020 Request vs FY 2019 Enacted
Technology Acceleration $21,00,000 S0 -$21,000,000
e Approximately $7,000,000 to competitively ¢ No funding is requested for this activity in FY 2020. e The Hydrogen and Fuel Cell Technologies Program
select projects for first-of-a-kind industry-led Some management activities related to the is refocusing efforts on early-stage R&D and no
efforts to demonstrate a hydrogen-focused execution of prior year appropriations will funding is requested for Technology Acceleration
integrated renewable energy production, continue until completion. activities.

storage, and transportation fuel
distribution/retailing system.

e Approximately $7,000,000 to fund National
Laboratory projects advancing R&D in
support of H2@Scale and hybrid energy
systems. Complete experimental evaluation
of hybrid energy system technologies with
potential to reduce energy consumption of
hydrogen production by 30 percent.

e Approximately $3,000,000 to competitive
select projects that advance R&D on fueling
technologies for heavy-duty applications, in
collaboration with Hydrogen Infrastructure
R&D subprogram.

e Approximately $2,000,000 to select industry-
led project to reduce the cost of electrolyzer
manufacturing technologies.

e Approximately $2,000,000 to fund National
Laboratory projects to support first-of-a-kind
industry-led efforts to demonstrate a
hydrogen-focused integrated renewable
energy production, storage, and
transportation fuel distribution/retailing
systems.
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Solar Energy

Overview

EERE’s Solar Energy Program funds early-stage research and development (R&D) to improve the affordability of solar
technologies while supporting the reliability and resilience of the U.S. electric grid. Reflecting the recent and projected
future growth in photovoltaic (PV) deployment, the program is increasing its emphasis on addressing the challenges and
opportunities related to integrating increasing penetrations of solar onto the electric grid. The program will also continue its
efforts to build the knowledge base upon which industry can achieve further reductions in the cost of solar electricity,
promoting greater energy affordability. These objectives will invigorate American technological leadership in solar energy,
diversify the Nation’s electricity supply, enhance grid resilience and reliability, and catalyze domestic economic growth
including job creation.

The program works to achieve the 2030 cost targets of $0.03/kWh without subsidies for utility-scale PV systems?, which use
semiconductors to convert solar photons directly to electricity, and $0.05/kWh for baseload concentrating solar power
(CSP) systems, which convert light to thermal energy that can be stored before being used to generate electricity. Achieving
these 2030 goals, which would make solar electricity one of the most affordable forms of electricity in the U.S., requires
cost reductions of 40-70 percent from 2018 benchmarks for utility-scale, commercial and residential PV as well as CSP.% The
program has a history of success in enabling solar energy cost reduction: the original 2020 goal for unsubsidized, utility-
scale solar PV electricity of $0.06/kWh was achieved in 2017, three years ahead of schedule.

Deployment of solar across the U.S. has been growing at a rapid rate, reaching a cumulative 53 GW installed at the end of
2017 — a more than 20-fold increase from the 2010 level.>* Presently, solar is supplying two percent of U.S. electricity?,
and several times more during peak sunlight hours. The solar industry has also seen significant job growth>. Rapid declines
in solar costs have made these market increases possible. Nevertheless, significant work remains before solar realizes its
full potential. With continued innovation to drive down solar electricity costs and to realize solar’s potential to support the
reliability and resilience of the grid, solar energy is capable of providing supply that meets a significant portion of the
Nation’s electricity demand in the coming decades.

Highlights of the FY 2020 Budget Request

The Solar Energy Program will support focused activities in FY 2020:

e With solar contributing two percent of U.S. electricity supply today and projected to increase to seven percent by 2030
— over 30 percent by 2030 in some regions of the U.S. — the challenges of integrating even higher levels of solar
generation onto the grid need to be researched today to support industry efforts to develop cost-effective solutions
that will improve the resilience, security and reliability of the grid. As part of DOE’s grid modernization efforts, the
program will focus on the tools and technologies to measure, analyze, predict, protect and control the impacts of solar
generation on the future grid as well as opportunities for distributed solar power to support grid resilience through
integration with energy storage and other distributed energy resources (DERs). FY 2020 activities include an emphasis
on developing test capabilities needed to investigate the challenges of increasing amount of power electronics-based
generation resources such as solar PV on the grid. National Laboratory research also supports industry’s development
of test and evaluation standards.

e The Solar Energy Program will contribute $20,000,000 to the Advanced Energy Storage Initiative, which coordinates
R&D across DOE to advance energy storage and other technologies that create more flexible generation and more
flexible load, thereby increasing the reliability and resilience of the U.S. electric grid. Energy storage is critical to
advance a flexible, resilient electrical grid and expand affordable mobility options from a diverse suite of energy
resources —and energy storage for the grid is complemented by a portfolio of generation and load technologies that

1 The goal for residential PV is $0.05/kWh and the goal for commercial PV is $0.04/kWh.

ZR. Fu et al., “U.S. Solar Photovoltaic System Cost Benchmark: Q1 2018,” NREL Technical Report, November 2018. 2018
benchmarks for utility-scale, commercial and residential PV are 5, 11 and 15 cents/kWh, respectively. The 2018 CSP
benchmark was 10 cents/kWh.

342017 U.S. Solar Market Insight Report,” GTM Research and SEIA, March 2018.

“EIA, Electric Power Monthly, Table 1.1 (July 2018).

5 “National Solar Jobs Census 2018,” The Solar Foundation. https://www.thesolarfoundation.org/national/
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provide flexibility, essential reliability services, and system resilience. The Advanced Energy Storage Initiative will
enhance coordination across EERE and DOE and establish aggressive, achievable, and comparable goals for cost-
competitive energy storage services and applications.

e  FY 2020 work in CSP will be aimed at seeding long-range, transformative ideas in high-temperature thermal
engineering and optical design to develop new concepts for low-cost solar thermal applications. FY 2020 will also
investigate integration of CSP-relevant power cycles and advanced, efficient solar collector technologies that can utilize
and provide the 700 °C heat for third generation CSP thermal transport and storage systems. Testing and validation of
thermal energy storage integrated with advanced power cycles (particularly using supercritical-carbon dioxide as a
working fluid) will be a priority. SETO will coordinate with AMO, FE, and NE, through HEMI, as appropriate, particularly
on development of advanced, high temperature heat exchangers.

e PV Research at the National Laboratories will center on improving the reliability of PV devices and large-area
production of new PV structures with the potential to achieve the 2030 cost targets. FY 2020 funding maintains a
subset of the core work at the National Laboratories directed toward understanding reliability physics and materials
science to better predict and increase durability. These topics will continue to support U.S. leadership in PV innovation,
which has led to nearly half of the world records in solar power conversion efficiency.

e To accelerate the commercialization of the Solar Energy Program’s early stage R&D portfolio, the American-Made
Challenges: Solar Prize will launch additional rounds in FY 2020. The FY 2020 Solar Prize work will build on the prior two
rounds which began in FY 2018 and is planned to continue in FY 2019. The Prize incentivizes the rapid transformation of
research and development results into new products and services with an urgency directed to catalyzing domestic
manufacturing of cells and modules.

The program closely coordinates activities with the Office of Electricity, the Office of Cybersecurity, Energy Security and
Emergency Response, the Office of Science and other DOE offices to ensure the most efficient use of taxpayer dollars,
while maximizing the department-wide impact of solar energy.
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Solar Energy
Funding ($K)

FY 2018 FY 2019 FY 2020 FY 2020 Request vs
Enacted Enacted Request FY 2019 Enacted
Solar Energy
Concentrating Solar Power 55,000 55,000 11,500 -43,500
Photovoltaic R&D 70,000 72,000 16,000 -56,000
Systems Integration 71,200 54,500 35,000 -19,500
Balance of Systems Soft Cost Reduction 11,000 35,000 0 -35,000
Innovations in Manufacturing Competitiveness 34,400 30,000 4,500 -25,500
Total, Solar Energy 241,600 246,500 67,000 -179,500

SBIR/STTR:

e FY 2018 Transferred: SBIR $7,667,000; STTR $1,078,000
e FY 2019 Projected: SBIR $7,554,000; STTR $1,062,000

e FY 2020 Request: SBIR $2,144,000; STTR $302,000
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Solar Energy
Explanation of Major Changes (SK)

FY 2020 Request vs
FY 2019 Enacted

Concentrating Solar Power: Funding continues efforts at the National Laboratories on developing high temperature components for next
generation CSP systems with thermal energy storage. Relative to FY 2019, CSP efforts in the FY 2020 request will support a significantly
more limited funding opportunity for non-National Laboratory researchers focused on coupling thermal energy storage with advanced
power cycles, as a part of the Advanced Energy Storage Initiative. -43,500

Photovoltaic R&D: Funding prioritizes limited efforts at the National Laboratories to improve PV reliability and pursue research on large-area
production of new PV structures, as well as fund the final year of a ten-year university research consortium. Non-National Laboratory
competitive programs will not be supported in FY 2020. -56,000

Systems Integration: Funding maintains core efforts at the National Laboratories to advance grid integration models and technologies.
Funding builds on the FY 2019 competitive funding opportunity with a more targeted $9,000,000 funding opportunity to improve
cybersecurity and, as a part of the Advanced Energy Storage Initiative, improve grid reliability, flexibility, and resilience through the
integration of solar energy technology with energy storage and other distributed energy resources. -19,500

Balance of Systems Soft Cost Reduction: No funding is requested for this subprogram due to shift in focus to early stage R&D. -35,000
Innovations in Manufacturing Competitiveness: Funding focuses on the continuation of the Solar Prize, begun in FY 2018, to incentivize the

transformation of research and development results into domestic manufacturing of cells and modules. Relative to FY 2019, research
and development to support inherently scalable production methods and the Incubator program will not be supported. -25,500

Total, Solar Energy -179,500
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Solar Energy
Concentrating Solar Power

Description
The Concentrating Solar Power (CSP) subprogram supports early-stage R&D of CSP with thermal energy storage as a unique
path to supplying affordable and reliable solar power on demand.

The goal of the CSP subprogram is to generate the scientific and technological knowledge necessary to reduce the cost of
CSP electricity at utility scale to $0.05/kWh by 2030, from a baseline of $0.21/kWh in FY 2010 (in FY 2018, the cost of CSP
with 14 hours of storage in the US Southwest was benchmarked at $0.10/kWh). Government funding for early-stage R&D
provides an innovation pipeline that supports industry to drive down costs toward this goal, which could make CSP
electricity cost competitive with electricity from other sources.

The CSP subprogram funds the DOE National Laboratories, in partnership with academia, research institutes, and industry,
in advanced R&D topics including solar field design, high-temperature receiver and heat transfer fluids, thermal energy
storage, advanced power cycles, and CSP systems integration. This funding is distributed by soliciting research proposals for
both multi-year and single-year projects in topics relevant to CSP components and sub-systems from all of DOE’s National
Laboratories. The FY 2020 request for CSP includes $7,000,000 to continue the efforts at the National Laboratories with
attention to seeding long-range, transformative ideas in high-temperature thermal engineering and optical design as well as
advancing CSP-relevant power cycles and solar collector technologies energy-intensive chemicals and fuels that can be used
for long-term energy storage. Included in the National Laboratory funding is approximately $1,000,000 to support the
National Solar Thermal Test Facility (NSTTF) at Sandia National Laboratories (SNL). Funding will emphasize early-stage
research on CSP components that are able to integrate with high-temperature thermal systems; increase the flexibility of
CSP on the grid with novel thermal energy storage concepts; and develop novel concepts to increase the annualized
efficiency of both solar collectors, specifically, and overall plant performance, generally.

The FY 2020 request for CSP includes a $4,500,000 funding opportunity to couple thermal energy storage with advanced
power cycles, the most promising of which use supercritical carbon dioxide as a working fluid. This work will have the aim of
developing and validating energy storage technologies that are highly flexible and responsive to the challenges of
maintaining grid reliability, as a part of the Advanced Energy Storage Initiative. This work will be coordinated with the DOE
Fossil and Nuclear Energy Offices.

The Solar Energy fellowship program funds ($200,000) emerging leaders in the field that will pursue breakthrough solar
energy technologies at universities, National Laboratories, and other research facilities as well as at DOE. In addition, funds
may be used to support efforts such as merit/peer reviews, data collection and dissemination, technical assistance, and
technology to market activities.

Energy Efficiency and Renewable Energy/
Solar Energy 105 FY 2020 Congressional Budget Justification



Activities and Explanation of Changes

Concentrating Solar Power

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Concentrating Solar Power $55,000,000

$11,500,000

-$43,500,000

$8,000,000 to fund approximately 10 merit-
reviewed R&D projects at the National
Laboratories, through the AOP, targeting early-
stage concepts in high temperature thermal
engineering and optical design, as well as
advancing CSP-relevant power cycles and solar
collector technologies, and the use of CSP to
produce energy-intensive chemicals and fuels for
long-term energy storage.

$1,000,000 to support the operations and
maintenance of the National Solar Thermal Test
Facility (NSTTF) at Sandia National Laboratories to
enable testing of CSP collectors and high-
temperature CSP components and systems.
Initiate a prize competition on solar thermal
desalination.

$5,000,000 to initiate 10 to 20 competitively
selected projects focused on long-term thermal
energy storage concepts, new materials and
manufacturing techniques, and autonomous solar
field operation.

Fund one to two emerging leaders that will pursue
breakthrough solar energy technologies at
universities, National Laboratories, and other
research facilities as well as at DOE.

e 57,000,000 to continue reviewed R&D projects.

¢ 51,000,000 support the operations and
maintenance of the National Solar Thermal Test
Facility (NSTTF) at Sandia National Laboratories to
enable testing of CSP collectors and high-
temperature CSP components and systems.

e No funding requested for FY 2020.

e Planned funding opportunity to award
competitively selected projects developing and
validating thermal energy storage coupled to
advanced power cycles.

e Fund emerging leaders that will pursue
breakthrough solar energy technologies at
universities, National Laboratories, and other
research facilities as well as at DOE

e Reduced number of projects funded. Support

limited to National Laboratories.

¢ No significant change.

e Awaiting results from existing projects to inform

future research direction in this area.

e Limit new projects to support a very targeted focus

on energy storage and power cycle integration as
part of the Advanced Energy Storage Initiative.
Projects awarded in FY 2019 will continue to
completion through outlay of prior year
obligations.

¢ No significant change.
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Solar Energy
Photovoltaic R&D

Description

The Photovoltaic Research and Development (PV R&D) subprogram funds early-stage R&D in support of the Secretary’s
emphasis on affordable energy. The emphasis is placed on generating the scientific and technological knowledge necessary
to achieve the 2030 target of $0.03/kWh for unsubsidized, utility-scale systems, which would make PV one of the lowest
cost sources of electricity in the U.S. While the PV industry has had great success in the reduction of upfront hardware
costs, government-funded research is critical to advance the foundational knowledge for increasing efficiency and durability
while simultaneously reducing cost, enabling U.S. industry to develop and deploy new PV innovations needed to reach the
2030 goals from the current utility-scale PV benchmark of $0.05/kWh?.

The PV R&D subprogram advances state-of-the-art PV technologies with National Laboratory, industry, and academic
partners. FY 2020 projects will build upon the state of knowledge in the areas of fundamental solar cell performance limits,
advanced materials science, models for multicrystalline and tandem devices, and the impacts of outdoor soiling,
temperature cycling, ultra-violet light, humidity and oxygen on PV panel performance and reliability.

In FY 2020, the PV R&D subprogram will support the second year of a three-year program of merit-reviewed research
activities at the National Laboratories, performed in partnership with academia and industry. A prioritized subset of the
work initiated in FY 2019 will be supported focusing on foundational analytical research addressing potential cost and value
of PV technologies to inform research directions, advancement of existing and emerging technologies, understanding of
reliability physics to improve module durability and performance prediction, and development of new measurement and
characterization techniques. National Laboratory research also supports the industry’s development of test and evaluation
methods by providing objective data and modeling that can be used to inform best practices. Lab projects are structured
with input from industry participants and reviewers to ensure relevance and impact of PV technologies that have the
commercial potential. The subprogram funds R&D at the Regional Test Centers (RTCs) located in Denver, Colorado;
Albuquerque, New Mexico; Orlando, Florida; Las Vegas, Nevada; and Williston, Vermont. The RTCs provide facilities to study
and validate the performance of PV technologies, including semiconductor materials, packaging and power electronics.
During FY 2020, the Nevada, Vermont and Florida sites will continue the transition begun in FY 2018 to a self-sustaining
business model that is not reliant on Federal funding. The National Laboratory-based RTCs will continue to receive support.
DOE funding for operations and maintenance of the Nevada, Vermont, and Florida RTC sites will not be provided.

The Solar Energy fellowship program funds ($200,000) emerging leaders in the field that will pursue breakthrough solar
energy technologies or analysis at universities, National Laboratories, and other research facilities as well as at DOE. In
addition, funds may be used to support efforts such as merit/peer reviews, data collection and dissemination, technical
assistance, and technology to market activities. The remainder of the funds will support the final year of a ten-year
university PV R&D center (Quantum Energy and Sustainable Solar Technologies Engineering Research Center) in
collaboration with the National Science Foundation at Arizona State University.

LR. Fuetal.,, “U.S. Solar Photovoltaic System Cost Benchmark: Q1 2018,” NREL Technical Report, November 2018. 2018
benchmarks for utility-scale, commercial and residential PV are 5, 11 and 15 cents/kWh, respectively. SETO 2030 goals for
utility-scale, commercial and residential PV are 3, 4, and 5 cents/kWh, respectively.
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Activities and Explanation of Changes

Photovoltaic R&D

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Photovoltaic R&D $72,000,000

$16,000,000

-$56,000,000

e |nitiate approximately 20 merit-reviewed R&D
projects at the National Laboratories, academia
and industry, to improve the performance and
reliability of PV technologies and perform
foundational analytical research.

Continue the collaboration (year nine of ten) with
the National Science Foundation to support the
Quantum Energy and Sustainable Solar
Technologies Engineering Research Center at
Arizona State University. This program is managed
and reviewed by the NSF. DOE supports the
activities via an interagency agreement (IAA) and
participates in the annual review. Funding supports
obligations in the existing agreement with NSF and
is an effective method for the Solar Energy
Program to leverage fundamental research.
DuraMat is the National Laboratory Consortium
that models and measures durable coatings and
packaging materials for PV modules including
advanced encapsulants and flexible packaging
concepts.

Support approximately 15 competitively selected
projects targeting priority PV research areas such
as new low cost materials and advanced reliability
research.

Fund one to two emerging leaders that will pursue
breakthrough solar energy technologies at
universities, National Laboratories, and other
research facilities as well as at DOE.

e $14,000,000 to continue the second year of a
targeted subset of National Laboratory work
initiated in FY 2019.

e $1,000,000 to support the final year of the
Engineering Research Center on next generation
PV that is co-funded with the National Science
Foundation.

e $800,000 to maintain the DuraMat shared data
hub.

¢ No funding is requested in support of the FY 2020
SETO Funding Opportunity Announcement.

e Fund emerging leaders that will pursue
breakthrough solar energy technologies at
universities, National Laboratories, and other
research facilities as well as at DOE.

e  Funding will focus on PV reliability efforts and
research on large-area production of new PV
structures. Funding for new PV materials and to
increase PV efficiency will end.

e No significant change.

e Funding focuses on increasing the impact of the
data hub capabilities.

e No new funding opportunity is planned for FY
2020. FY 2019 funded projects will continue to
completion through outlay of prior year
obligations.

e No significant change.
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Solar Energy
Systems Integration

Description

The Systems Integration (SI) subprogram, in coordination with the DOE Grid Modernization Initiative (GMI), funds early-
stage research and development in support of grid reliability and resilience. The FY 2020 Sl request includes activities
contributing to the Advanced Energy Storage Initiative, which coordinates EERE R&D with other DOE applied energy offices
to advance energy storage and technologies with similar capabilities that improve flexibility during the conversion of energy
resources into useful energy services. The Sl subprogram focuses on generating the scientific and technological knowledge
necessary to support industry efforts to more effectively integrate solar onto the electric grid. As the deployment of solar
generation systems in electric distribution systems has rapidly accelerated over the past few years, utilities, regulatory
agencies, and developers face a significant and growing set of new challenges for which early-stage research can provide
fundamental understanding and accelerate targeted innovation. Key technical challenges related to the grid integration of
solar include power variability, voltage regulation, frequency control, unintentional islanding, protection coordination
(planning for fault currents), and two-way power flow. Further, the expansion of solar power at centralized and distributed
scales underscores the growing need to strengthen the body of knowledge to support industry and regulatory agencies to
develop best practices for timely and cost-effective interconnection procedures, accurate prediction of sunlight and solar
power generation, as well as monitoring and control of solar power including new strategies for resilience. The SI
subprogram will address these challenges by supporting early-stage R&D and field validation of solar integration models
and technologies and will develop solutions for solar energy to enhance grid reliability, resilience, and security. Early-stage
research will focus on long-term solutions that are beyond the timeframe that industry is addressing, to create a pipeline of
innovative technologies.

As part of the DOE’s Grid Modernization Initiative (GMI) efforts, the SI subprogram will focus on the tools and technologies
to measure, analyze, protect, and control the integration of variable solar energy sources with variable energy uses as they
interact on the electrical grid. GMI coordinates efforts across the Department to develop the concepts, tools, and
technologies needed to measure, analyze, predict, protect, and control the grid of the future. Projects are executed by or in
close coordination with Grid Modernization Lab Consortium (GMLC), a collection of National Laboratories that bring
together the leading experts, technologies, and resources to modernize the nation's grid. By requiring close collaboration
on projects between the GMLC, industry, academia, and other important stakeholders, the GMI accelerates technology
development, promotes innovation, and encourages broader investment in the grid.

Funding in FY 2020 will support early-stage R&D activities at the National Laboratories through the GMLC, in partnership
with academia and industry, in foundational analysis and evaluation of solar integration challenges, solar impact to power
system planning and operation, power electronics and intelligent control, sensing and communication integrity, data
analytics, and cybersecurity. National Laboratory research also supports industry’s development of test and evaluation
standards by providing objective data and modeling that can be trusted by all involved parties.

A competitive funding opportunity is planned to fund projects to improve cybersecurity, and to improve grid reliability,
flexibility, and resilience through the integration of solar energy technology with energy storage and other distributed
energy resources as a part of the Advanced Energy Storage Initiative, which coordinates energy storage activities to
advance technologies that create more flexible generation and more flexible load. The solicitation will focus on early-stage
research and development of system models and hardware and software prototypes. As there are nearly two million solar
energy systems interfacing with the distribution grid, research will include methods for securing and hardening solar
generation devices to address vulnerability to cybersecurity attacks and enhance resilience after disruptive events, in
coordination with the Office of Cybersecurity, Energy Security and Emergency Response. This early-stage research is beyond
the scope of utilities and regulatory agencies and provides a critical knowledge base for industry in addressing grid
integration challenges.

The Solar Energy fellowship program ($200,000) funds emerging leaders in the field that will pursue breakthrough solar
energy technologies or analysis at universities, National Laboratories, and other research facilities as well as at DOE. In
addition, funds may be used to support efforts such as merit/peer reviews, data collection and dissemination, technology
assistance, and technology to market activities.
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Activities and Explanation of Changes

Systems Integration

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Systems Integration $54,500,000

$35,000,000

-$19,500,000

Initiate approximately 20 merit-reviewed R&D
projects with the National Laboratories, through
the GMLC, to address foundational analysis and
evaluation of solar integration challenges, solar
impacts to power system planning and operation,
power electronics, sensing and communication
integrity, data analytics, and cybersecurity.
National Laboratory research also supports
industry’s development of test and evaluation
standards by providing objective data and
modeling to inform standard processes.

Fund ten to 20 competitively selected projects to
develop, test and validate innovative technologies
for integrating distributed solar systems with
building loads and energy storage, as well as
development of new storage technologies
specifically designed for integration with solar
energy systems, to improve grid reliability,
resilience and cybersecurity.

Fund one to two emerging leaders that will pursue
breakthrough solar energy technologies at
universities, National Laboratories, and other
research facilities as well as at DOE.

e Continue a subset of R&D projects with the
National Laboratories started in FY 2019 through
the GMLC. $6,000,000 to support developing lab
and field test capabilities for power electronics on
the grid.

e Funding is requested to issue a funding
opportunity and award projects working to
integrate solar energy with other technologies to
better match energy supply and demand.

e Fund emerging leaders that will pursue
breakthrough solar energy technologies at
universities, National Laboratories, and other
research facilities as well as at DOE.

e Funding supports a new emphasis on investigating
the challenges related to the increase in power
electronics-based PV generation on the grid.

e Funding focuses on the Advanced Energy Storage
Initiative. FY 2019 projects continue to completion
through outlay of prior year obligations.

¢ No significant change
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Solar Energy
Balance of Systems Soft Cost Reduction

Description

The Balance of Systems Soft Cost Reduction (BOS) subprogram focuses on reducing soft costs, which includes financing,
customer acquisition, permitting, inspection and interconnection, installation labor, and other non-hardware costs. Taken
together, soft costs constitute over half the cost of total system prices for residential, commercial and community PV
systems.

The BOS subprogram works with a broad range of stakeholders, typically through later-stage activities, to quantify cost
reduction opportunities, highlight best practices and expand access to solar energy to every home, business, and
community. The subprogram funds workforce training for veterans, the next generation of power systems engineers, real
estate professionals, first responders, code officials and others, to address workforce gaps. It also develops a new
generation of powerful data and information technology tools to increase market transparency, improve consumer
protection, expand access to solar energy to residences and businesses in low-income communities, and improve access to
low-cost financing for a growing number of consumers.

As overall solar prices have dropped, the U.S. has enjoyed unprecedented growth in solar installations. Between 2008 and
2017, the U.S. saw a rapid increase in renewable energy generation from solar. The solar sector of the economy now
employs over 250,000 people representing a 168 percent increase since 2010, growing nine times faster than the national
job growth rate. As the industry continues to mature, there is no longer a strong role for the Federal Government to fund
balance of systems cost reduction activities.

Reflecting the shift in focus to early-stage research and development, no funding is requested for the BOS subprogram in FY
2020. Some management activities related to the execution of prior year appropriations will continue until completion.
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Activities and Explanation of Changes

Balance of Systems Soft Cost Reduction

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Balance of Systems Soft Cost Reduction $35,000,000

$0

-$35,000,000

e Initiate approximately 15 merit-reviewed R&D
projects at the National Laboratories to address
soft cost challenges and analyze solar market data.

e Through the Grid Modernization Laboratory
Consortium, provide support to institutions
tackling grid modernization issues related to
increasing solar energy on the grid.

e Fund ten to 20 competitively selected projects to
tackle reduce soft costs related to solar energy
across the U.S.

e No funding requested in FY 2020.

¢ No funding requested for FY 2020

¢ No funding requested for FY 2020

e Reflects shift in focus to early stage R&D. FY 2019
projects continue to completion.

e Reflects shift in focus to early stage R&D. FY 2019
projects continue to completion.

e Reflects shift in focus to early stage R&D. FY 2019
projects continue to completion.
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Solar Energy
Innovation in Manufacturing Competitiveness

Description

The Innovations in Manufacturing Competitiveness (IM) subprogram was established to increase U.S. competitiveness in
solar energy manufacturing while advancing progress toward the Nation's energy goals. The focus for the IM subprogram
has been to increase America’s market share for added-value manufacturing by helping companies with promising solar
technology survive the funding gaps that often emerge in the development cycle of new technologies.

Funding requested for FY 2020 (S4,500,000) will be used to run an additional round of the American-Made Challenges: Solar
Prize, designed to revitalize domestic solar manufacturing of cells and modules. The FY 2020 work on the Solar Prize will
concentrate on building the nationwide network (American-Made Network) associated with the prize competition to
continue the momentum established with the initial competition. The American-Made Network is comprised of
organizations and individuals that can provide resources and expertise to prize competitors to develop and facilitate the
future transfer of solutions to the private sector for late-stage research and ultimate commercialization. The Prize
incentivizes the rapid conversion of research and development innovations into new solar products with an emphasis on
expanding domestic manufacturing. The Prize leverages National Laboratory research and development capacity in the
generation and prototyping of new technologies. Most importantly, the Prize will continue to integrate the private sector
into the competition to ensure it is the private sector which brings highest impact products to market.
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Activities and Explanation of Changes

Innovations in Manufacturing Competitiveness

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Innovations in Manufacturing Competitiveness
$30,000,000

$4,500,000

-$25,500,000

e Funding to support next rounds of the Solar Prize
which was started in FY 2018. The Solar Prize
incentivizes the research and development of new
solar energy technologies that can be
manufactured domestically, with an emphasis on
cell and module manufacturing.

e Fund ten to 15 competitively selected Incubator
projects to support small businesses in developing
innovative solar energy technology.

e 510,000,000 funding is directed to research and
development to support inherently scalable
production methods such as solution processing,
roll-to-roll manufacturing, the science of inherent
material stability, and ultrahigh efficiency through
tandem manufacturing.

e $4,500,000 to launch subsequent rounds of the
Solar Prize which was started in FY 2018.

¢ No funding requested in FY 2020

¢ No funding requested in FY 2020

e This third year of funding continues to catalyze
domestic solar energy manufacturing
commercialization using the Prize model.

e Funding reduction is requested in this area to focus
on the third year of the Solar Prize.

e Funding reduction is requested in this area to focus
on the third year of the Solar Prize.
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Wind Energy

Overview

DOE’s Wind Energy Program funds early-stage research and development (R&D) and related testing of advanced wind
energy technologies while supporting the reliability and resilience of the U.S. electric grid. The program works to achieve
breakthroughs in reducing the levelized cost of energy (LCOE) for land-based wind by 50 percent from today’s LCOE, to
$.023/kWh without subsidies by 2030 and achieving a 50 percent reduction in offshore wind and distributed wind by 2030
from a 2015 benchmark. Achieving these 2030 goals would make wind electricity one of the most affordable forms of
electricity in the U.S. Reflecting the recent and projected future growth in wind energy deployment, the program is
emphasizing three objectives:

e Wind energy cost reduction for all wind energy applications (offshore, land-based utility scale, and distributed);

e Reliable and seamless integration of high penetrations of wind energy into the electric grid;

e  Market barrier reduction, elimination, or mitigation.

Taken together, these objectives will invigorate American technological leadership in wind energy, diversify the Nation’s
electricity supply, enhance grid resilience and reliability, and catalyze domestic economic growth including job creation.

Presently, wind energy technology is an important part of the diverse energy mix in the U.S. There are roughly 90 gigawatts
(GW) of land-based, utility-scale wind deployed across 41 states,? supplying over six percent of U.S. electricity.? The U.S. has
been a global leader in small wind turbine (turbines up through 100 kW capacity) sales, and has over 81,000 small wind
turbines deployed across all 50 states.3 An offshore wind industry is just beginning to develop in the U.S., driven by falling
offshore wind turbine prices, accelerated Federal offshore wind lease auctions, and state policies. The majority of utility-
scale wind technologies deployed are in high wind areas, where a combination of strong resource and Federal and state
incentives have supported lower risk and financing rates for the industry. With the phasing out of the Production Tax Credit
(PTC), significant work remains before wind energy realizes its full potential where it can be cost effectively deployed in all
regions of the Nation without subsidies. Program research addresses high-risk, early-stage R&D that industry does not have
the technical resources or capabilities to address on its own. With continued research and technology innovation to drive
down wind energy costs and overcome grid integration and other market barriers, wind energy has the potential to further
diversify our electricity mix thereby reducing price volatility for consumers and businesses.

Highlights of the FY 2020 Budget Request

o Next Generation Wind Plants: the program, through its A2e applied R&D initiative, will improve the performance and
reliability of next-generation wind plants by investigating systems-level interactions influenced by atmospheric
conditions, variable terrain, and machine-to-machine wake interactions for offshore, land-based and distributed wind
applications.

e Manufacturing R&D: the program will focus on fundamental R&D in the areas of controls, sensors, algorithms, materials,
and manufacturing specific to wind energy applications to lower costs and improve operational performance.

e Offshore Wind R&D: the program will accelerate fundamental R&D targeted at U.S.-specific offshore wind technology
barriers, including advanced substructure technology, reduction of installation cost and risks, technology that supports
less on-site O&M intervention, and design standards development for the diverse marine conditions of U.S. waters.

e Distributed Wind R&D: the program will focus on several distributed wind activities, including R&D and manufacturing
improvements that directly reduce distributed wind LCOE and facilitate turbine certification goals, development of tools
that increase the accuracy of distributed wind performance assessments, and maximizing the value and resiliency of
microgrids utilizing wind energy and other distributed energy resources.

1 U.S. DOE Energy Information Administration. Preliminary Monthly Electric Generator Inventory.
https://www.eia.gov/electricity/data/eia860m/.

2 U.S. DOE Energy Information Administration. Electricity Data, Form EIA-861M.
https://www.eia.gov/electricity/data/eia861m/.

30rrell, A., and N. Foster. 2017 Distributed Wind Market Report. Pacific Northwest National Laboratory. DOE/EE-1799.
August 2018. https://www.energy.gov/eere/wind/downloads/2017-distributed-wind-market-report.
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e Mitigation of Market Barriers: the program will conduct several activities to address market barriers for land-based,
offshore, and distributed wind, including R&D of wind turbine/radar challenges; development of technical solutions to
improve environmental performance; and STEM activities to support educating and training a wind energy workforce for
the 21st century economy; and research to evaluate and address regulatory and market barriers associated with
community impacts.

e Grid: as part of DOE’s Grid Modernization Initiative (GMI) efforts, the program will continue activities funded as part of
the Grid Modernization Initiative including analytical tools that improve grid reliability through increased flexibility and
grid services. The program will evaluate R&D needs identified from an FY 2019 roadmap process for better integration of
wind generation through co-optimized wind plant operation, integrating multiple technologies, flexible transmission
utilization, and wind plant cybersecurity.
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Wind Energy
Funding ($K)

FY 2018 FY 2019 FY 2020 FY 2020 Request vs
Enacted Enacted Request FY 2019 Enacted
Wind Energy
Technology Research, Development & Testing and Resource
Characterization (Land, Offshore, Distributed) 64,000 59,000 18,000 -41,000
Technology Validation and Market Transformation 0 10,000 0 -10,000
Mitigate Market Barriers 20,000 16,000 4,500 -11,500
Modeling and Analysis 8,000 7,000 1,200 -5,800
Total, Wind Energy 92,000 92,000 23,700 -68,300
SBIR/STTR:

e FY 2018 Transferred: SBIR $2,811,000; STTR $395,000
e FY 2019 Projected: SBIR $2,624,000; STTR $369,000
e  FY 2020 Request: SBIR $726,000; STTR $102,000
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Wind Energy
Explanation of Major Changes ($K)

FY 2020 Request vs
FY 2019 Enacted

Wind Energy
Technology Research, Development & Testing and Resource Characterization (Land, Offshore, Distributed): The Budget prioritizes early-
stage R&D focused on achieving scientific and technical breakthroughs in reducing the levelized cost of energy (LCOE) for land-based
wind by 50 percent from today’s LCOE, to $.023/kWh without subsidies by 2030 and achieving a 50 percent reduction in offshore wind
and distributed wind by 2030 from a 2015 benchmark. Offshore wind facilities upgrades work is fully funded through a competitive
opportunity in FY 2019. The decrease is driven by focusing on critical path research necessary to achieve the LCOE goal. As a result, the
scope of ongoing research related to atmospheric wind science, wind plant reliability and optimization, tall wind, and advanced
manufacturing methodologies and materials for wind energy will be narrowed. The FY 2020 Budget funds R&D at National
Laboratories and requests no funding for new FOAs. Finally, the decrease is the result of maintenance and operations activities for the
National Wind Technology Center (NWTC) that will be transitioned to the EERE Facilities and Infrastructure (F&I) budget ($3,300,000). -41,000

Technology Validation and Market Transformation: Decrease reflects completion of the FY 2019 FOA for additional project development
for offshore wind demonstration projects. -10,000

Mitigate Market Barriers: The budget prioritizes early stage R&D activities to strengthen the body of knowledge necessary to inform key
grid integration, regulatory, and siting decisions associated with the deployment of offshore, land-based, and distributed wind energy.
The FY 2020 Budget funds R&D at National Laboratories and requests no funding for new FOAs. -11,500

Modeling and Analysis: The budget prioritizes early stage R&D activities. Objective analysis using state-of-the art systems engineering, cost
and deployment models, and tools is used to evaluate and prioritize early-stage R&D wind energy technology innovation opportunities
for land-based, offshore, and distributed applications, as well as to prioritize activities within the portfolio. -5,800

Total, Wind Energy -68,300
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Wind Energy
Technology Research, Development & Testing (RD&T) and
Resource Characterization (Land, Offshore, Distributed)

Description

The Technology Research, Development and Testing and Resource Characterization subprogram focuses on achieving
breakthroughs in reducing the levelized cost of energy (LCOE) for land-based wind by 50 percent from today’s LCOE, to
$.023/kWh without subsidies by 2030 and achieving a 50 percent reduction in offshore wind and distributed wind by 2030
from a 2015 benchmark. Achieving these 2030 goals would make wind electricity one of the most affordable forms of
electricity in the U.S. To accomplish this, the program invests in understanding the fundamental science at the heart of
extracting energy from the wind, which, in turn, drives the technology innovation necessary to improve wind plant
performance, operation, and maintenance.

Based on research and in-depth analysis, the subprogram has identified the next big opportunity for LCOE reduction as
moving beyond a focus on individual wind turbines to considering innovations that optimize the performance of large,
multi-turbine wind power plants as a whole. Through its National Laboratories and other resources, DOE is strategically
positioned to better understand the behavior of the atmosphere, which in turn helps predict the wind resource at the wind
power plant. The complexity of the wind flow not only affects wind turbine performance, but also affects turbine reliability
and lifetime. Advanced wind turbine controls are needed to minimize the structural loads on the wind turbine caused by
these complex air flows. The subprogram continues to support work to tie the high-fidelity modeling and experimental
efforts under the Atmosphere to Electrons (A2e) initiative to a completely new systems approach to the design and analysis
of wind plants for both land-based and offshore applications. In FY 2020 efforts will fund improvement of the performance
and reliability of next-generation wind plants by investigating systems-level interactions influenced by atmospheric
conditions, variable terrain, and machine-to-machine wake interactions, continue to develop high fidelity modeling
simulation capability and demonstrate the current state of the art through benchmarking in conjunction with the Big
Adaptive Rotor development program. Funds will support development and validation of multi-fidelity toolsets in order to
identify pathways to improve overall performance, and reduce costs, including O&M and balance of systems costs. In FY
2020, the program will continue to maintain and operate the Scaled Wind Farm Technology (SWiFT) facility to ensure
mission readiness for use by DOE wind researchers and industry partners for all wind applications. The program will
transition the maintenance and operation activities for the National Wind Technology Center (NWTC) to EERE’s Facilities
and Infrastructure (F&I) budget, indicating the support EERE has for stewardship of the facility as an EERE-wide asset
focused on energy systems integration of multiple generators, loads, and storage technologies with the grid.

The subprogram’s shift to an R&D focus on the entire wind power plant is particularly important for offshore wind. Reliable
performance of new generations of extremely large offshore wind turbines will present new challenges in engineering,
materials science, manufacturing, controls, and maintenance. Critical data are lacking on offshore wind characteristics,
including extreme weather events such as hurricanes, which need to be better understood for design engineering, energy
projections, and controls development to optimize wind plant performance. In FY 2020, the subprogram will accelerate
fundamental R&D targeted at U.S.-specific offshore wind technology barriers through collaboration with commercial
offshore wind plant developers to collect pre- and post-installation structural and performance data. Additionally, this
effort will help to develop recommended design practices, standards, and technical innovations to reduce cost and risk of
offshore wind plants within U.S. waters.

For utility-scale, land-based wind, the subprogram focuses on “Tall Wind” turbine technology innovations—including those
that enable higher hub heights, larger rotors, lighter weight components, and improved energy capture that have the
potential to reduce today’s utility-scale land-based wind LCOE by almost 30 percent and provide options for significant
expansion of U.S. wind power deployment. Activities focus on developing new control methods to manage large rotor
loads; materials and manufacturing innovations to facilitate transportation and installation of very large towers, rotors,
drivetrains, and generators; and integrated design of the whole wind plant that includes support for grid reliability and
resiliency. In FY 2020, the subprogram will fund early-stage R&D in the areas of controls, sensors, algorithms, materials, and
manufacturing to lower land-based, utility-scale wind energy costs and improve operational performance. One of these
efforts is the program’s Big Adaptive Rotor (BAR) initiative, which focuses on development of innovative large rotor designs
with longer blades to capture substantially more energy both through a greater swept area and accessing increased wind
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speeds higher than conventional technology does. Larger rotors also allow for higher capacity factor wind plants, which
creates less variability in power production. The BAR initiative will address R&D challenges required to facilitate the next
generation of rotors for tall wind applications, including large blade manufacturing and transportation, rotor controls,
aerodynamics, advanced blade materials, and blade structural design.

For distributed wind energy, the subprogram focuses on reducing capital costs through standardization of project
assessment, permitting, interconnection, system design, and installation. As a result of increased stakeholder engagement,
in FY 2020, the subprogram will fund several newly established distributed wind activities, including R&D that directly
reduces distributed wind LCOE; development of tools that enhance accuracy of distributed wind performance assessments,
inform siting and system design, and reduce project development risk; efforts to maximize the value and resiliency of
microgrids utilizing wind energy and other distributed energy resources; and stakeholder engagement to develop
innovative solutions to market barriers.
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Technology RD&T and Resource Characterization (Land, Offshore, Distributed)

Activities and Explanation of Changes

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Technology RD&T and Resource Characterization
$59,000,000

$18,000,000

-$41,000,000

e FY 2019 activities tie the high-fidelity modeling and
experimental efforts under the Atmosphere to
Electrons (A2e) initiative to a completely new
systems approach to the design and analysis of
wind plants for both land-based and offshore
applications.

¢ The program will execute integrated
computational simulations and experimental field
campaigns to collect high-fidelity data sets of wind
plant complex flow interactions. Data acquired is
used to validate high-fidelity simulation tools
developed under A2e.

e Conduct wake steering experiments using the new
National Rotor Testbed (NRT) blades specifically
designed to replicate the wake characteristics of
full-scale turbines.

¢ Using the Weather Research and Forecast model,
the program will initiate a new activity to create
the Energy Research and Forecasting (ERF)
simulation framework. Funds will support resource
characterization effort, high fidelity meteorological
modeling to improve forecasting of resource and
understanding of wind flow through the plant
The program will address issues associated with
moving from large-scale weather forecasting

e Approximately $3,600,000 for continued
collaboration with the Office of Science Exascale
Computing Project and support research that
continues a systems approach to the design and
analysis of wind plants for both land-based and
offshore applications. This effort will improve the
performance and reliability of next-generation
wind plants and support cost reduction goal of
$.023/kWh by 2030.

e Approximately $3,000,000 for activities that will
continue experimental data collection and
validation of high-fidelity modeling tools
supporting improved performance and reliability
of next generation wind plants.

e Approximately $1,000,000 for activities that
support utilization of wake steering computational
simulations, and an experimental field campaign of
active wind plant control strategies that will
provide additional validation of high-fidelity
modeling and simulation tools. Supports whole
plant optimization efforts and reduction in LCOE.

e Approximately $2,000,000 for activities to support
collaborations with NCAR and NOAA, and research
in atmospheric science, verification and validation
of the Energy Research and Forecasting (ERF)
model, and addressing issues associated with
moving from large-scale weather forecasting
models to smaller scales applicable to land-based
and offshore wind applications.

¢ Funds reduced to focus on continued development
of exascale computing wind simulation model and
offshore floating wind foundation design tool set.

¢ Continue validation efforts of high-fidelity
modeling tools using data collected in prior years
and prepare for future field validation at a full-
scale wind facility.

¢ Funding level reduced in order to emphasize the
incorporation of improved physics modeling in
FLORIS based on observations from field
campaigns and high-fidelity modeling.

¢ Funds reduced to focus on analysis of WFIP 2 data,
validation of ERF, and addressing meso- to micro-
scaling challenges.
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FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

models to the smaller domain size of wind plant
time and space scales, and to quantify remaining
forecast uncertainties for land and offshore wind
applications.

FY 2019 A2e Performance, Risk Uncertainty and
Finance (PRUF) projects include expanded
benchmark to leverage international experience
and evaluating machine learning and other
advanced statistical approaches to improving plant
performance prediction.

FY 2019 reliability activities include assessment of
failure mitigation strategies for main bearing and
high-speed shaft bearing through material and
lubrication innovations.

Funding in FY 2019 will support R&D, performed in
collaboration with the DOE Advanced
Manufacturing Office and industry, aimed at
increasing U.S. manufacturing competitiveness in
wind energy.

The program will evaluate the potential to support
additional R&D on wind-specific optimized carbon
fiber composites.

Funding in FY 2019 will support the Big Adaptive
Rotor (BAR) initiative, which is focused on the
design and manufacturing challenges associated
with low-specific power rotors.

Funding in FY 2019 will support tall tower R&D,
including competitively awarded work to design,
build, test, and validate a wind turbine tower with
a height of at least 140 meters. The selected
project(s) will develop an engineering design and
cost analysis, with a go/no-go review to precede
fabrication and testing.

FY 2019 offshore wind resource assessment
activities will include developing partnerships to
deploy wind and met-ocean science buoys in areas

Energy Efficiency and Renewable Energy/
Wind Energy

Continue benchmarking activities for wind plant
performance to include offshore wind projects
internationally, and demonstration of advanced
statistical approaches to improving plant
performance predictions.

Approximately $1,400,000 to continued research
into a more defined set of failure mitigation
strategies.

Approximately $1,000,000 for continued R&D on
advanced manufacturing methodologies and
materials benefiting land-based and offshore wind
applications at three National Laboratories.

No funding requested for this activity.

Approximately $1,600,000 for continuation R&D
within the Big Adaptive Rotor project addressing
R&D challenges. This will enable tall wind initiative
and cost reductions of 50% by 2020.

Continue addressing R&D challenges associated
with the design and manufacturing of towers for
tall wind applications. National laboratory support
for techno-economic analysis of awarded
project(s) will begin ($100,000).

Approximately $2,400,000 for efforts to collect
data in collaboration with commercial offshore
wind plant developers, and BOEM, to develop
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¢ Shift benchmarking activity to include offshore
wind plants.

¢ Scope of failure mitigation methods reduced to
those with highest potential.

¢ Reduced scope to focus on the National
Laboratory work and not engage with the DOE
Advanced Manufacturing Office in FY 2020.

¢ This project will be fully funded with FY 2019
funds.

¢ No change in scope.

¢ Funds reduced because large effort from FY 2019
will be newly initiated. This reduction will shift
focus to techno-economic analyses and emphasis
on gap areas not funded in the FY 2019.

¢ Funds reduced to allow for leveraging past efforts
to develop recommended design practices and
standards for offshore wind.
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FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

identified for offshore wind development. Analysis
of prior year meteorological and oceanographic
data from offshore buoys will be performed.

FY 2019 distributed wind efforts focus on analysis,
research, development and manufacturing
improvements that directly reduce LCOE and
facilitate turbine certification goals, while
increasing the ability of distributed wind systems
to integrate into distribution systems and
microgrids with other distributed energy
resources, with a particular focus on rural utility
applications.

Select 1-3 competitively awarded research projects
to conduct innovative offshore wind R&D at
National-level facilities.

Maintenance and operation of NWTC and SWIFT
facilities including funds for upgrades at the NWTC
to enable distributed wind integration with PV and
micro grids and a second controllable Grid
Interface

recommended design practices, standards, and
technical innovations to reduce cost and risk of
offshore wind plants within U.S. waters.
$800,000 to continue work to improve distributed
wind integration on distribution systems and
microgrids, manage existing Competitiveness
Improvement Projects and other national lab
work, and support collection and analysis of
distributed wind technology data to identify key
R&D opportunities as documented by the
Distributed Wind Market Report.

No funding requested for this activity.

Approximately $1,200,000 to continue to maintain
and operate the SWIFT facility to ensure mission
readiness for use by DOE wind researchers and
industry partners engaged in fundamental
technology research, development,
experimentation, testing, and validation.

¢ Projects awarded with FY 2018 and FY 2019 funds

will continue to be managed, but no new projects
will be awarded. Reduced FY 2020 funding will
support microgrid integration work, and reduced
data collection and analysis to identify core R&D
opportunities and measure progress towards
goals.

¢ This project will be fully funded with FY 2019 funds

and management activities will continue.

Funding reduced by transitioning funding for
operations and maintenance for the NWTC to
EERE’s F&I budget.
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Wind Energy

Technology Validation and Market Transformation
Description
The primary objective of the Technology Validation and Market Transformation subprogram is to conduct high-risk
validation and verification of new technologies at relevant scale. In addition to validating and verifying through testing, the
subprogram collects performance and environmental data from these projects and produces public datasets that
researchers and private industry may use. Working in tandem to validate the performance, stability and security of early-
stage, novel wind technological advancements, the Government and the private sector can promote the nation’s economic
growth through innovation, and create new products and services for the American people.

Two offshore wind advanced technology demonstration projects continue development activities. The Lake Erie Energy
Development Corporation's Icebreaker Project plans to install six 3.45-MW, direct-drive turbines on mono bucket
foundations eight miles off the coast of Cleveland, Ohio, becoming the first freshwater offshore wind project in North
America. The New England Aqua Ventus | project, led by the University of Maine, Is a planned floating offshore wind farm
with two 6-MW direct-drive turbines on concrete, semisubmersible foundations in deep waters off Monhegan Island,
Maine, where bottom-fixed foundations are not feasible. Both projects are working toward completing project design, state
and federal permitting, installation and operations plans, and offtake and grid interconnection plans.

In FY 2020, no funding is requested for this subprogram. Current projects are fully funded and outlays of prior year
obligations will fund ongoing activities through project completion.
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Activities and Explanation of Changes

Technology Validation and Market Transformation

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Technology Validation and Market Transformation
$10,000,000

$0

-$10,000,000

e Competitively awarded solicitation for additional
project development for offshore wind
demonstration projects.

¢ No funding requested for this

e Competitively selected project will continue to be
managed but no funds are requested.

Energy Efficiency and Renewable Energy/
Wind Energy
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Wind Energy
Mitigate Market Barriers

Description

The Mitigate Market Barriers subprogram funds R&D activities to strengthen the body of knowledge necessary to inform
key grid integration, regulatory, and siting decisions associated with the deployment of offshore, land-based, and
distributed wind energy. The subprogram determines research needs and evaluates technology solutions to address
regulatory and siting restrictions for radar interference, wildlife impacts, and community impacts associated with domestic
wind energy development, in support of 2030 cost goals. The subprogram also supports STEM and workforce programs that
support a domestic wind workforce for the 215 century. The subprogram’s work is critical to enabling wind deployment,
since these market barriers can prevent the successful siting and development of wind projects in areas where wind is
otherwise cost-competitive.

The subprogram invests in R&D to ensure cost-effective, reliable, cyber secure, and resilient operation of the power grid
with increasing levels of wind energy for all wind technology applications. Its wind energy grid integration R&D aims to
generate the knowledge that electric grid operators, utilities, regulators, and industry need to develop and deploy novel
technologies that support reliable incorporation of wind energy into the power system. This work is conducted as part of
coordinated grid modernization efforts across the Department through the National Laboratories and the Grid
Modernization Initiative (GMI). Additionally, early-stage research can help identify opportunities to address power grid
reliability and resilience concerns as increasing amounts of wind energy are added to the grid.

In FY 2020, the subprogram will complete development of a cybersecurity roadmap aligned with DOE cybersecurity efforts
and in coordination with the Office of Cybersecurity, Energy Security, and Emergency Response. Funding will continue for
research coordinated through the Grid Modernization Initiative to develop the tools and technologies to measure, analyze,
predict, protect, and control the impacts of wind generation on the grid as it evolves with increasing amounts of wind
power, and will continue to develop and refine the ability of wind turbines to provide frequency, voltage, and ramping
support to the grid. The program will continue its work selected in a competitive lab call in FY 2019, focused on developing
new technologies and analytical tools that improve grid reliability through increased flexibility and grid services. The
program will evaluate R&D needs identified from an FY 2019 roadmap process for better integration of wind generation
through co-optimized wind plant operation, integrating multiple technologies, flexible transmission utilization, and wind
plant cybersecurity.

In FY 2020, collaboration will continue with the Department of Defense (DOD), Department of Homeland Security (DHS),
Department of Transportation (DOT), Department of Interior (DOI) and Department of Commerce (DOC), and other
agencies through the interagency Wind Turbine Radar Interference Mitigation memorandum of understanding (MOU) to
address the impacts of wind development on critical radar missions. The objectives include development of technology
solutions to evaluate the impacts of existing and planned wind energy installations on sensitive radar systems; development
of mitigation measures to increase the resilience of existing radar systems to wind turbines; and encouraging the
development of next-generation radar systems that are resistant to wind turbine radar interference.

In FY 2020, the subprogram will evaluate the environmental performance of offshore and land-based wind projects,
including avian and bat species interactions with wind turbines, and conduct research to inform the development of
technical mitigation solutions. Solutions will be developed to reduce wind impacts on wildlife through research on
instrumentation, advanced components, and operational strategies. The subprogram’s work in this area will inform
regulatory and siting processes and facilitate wind industry deployment through the development of technical solutions.

In addition, in FY 2020 the subprogram will continue STEM activities, support for the National Wind Turbine database,
research on community impacts, provision of informational resources to ensure decision-makers are using the best
available science to support wind energy decisions, and support for development of a robust domestic wind energy
workforce.
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Activities and Explanation of Changes

Mitigate Market Barriers

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Mitigate Market Barriers $16,000,000

$4,500,000

-$11,500,000

¢ Select three to five merit reviewed R&D projects at
the National Laboratories through the GMLC that
will focus on foundational and wind specific
technologies such as hybrid energy systems
coupling wind with other renewables and
advanced storage technologies, and evaluating
essential reliability services including inertia,
frequency response, and voltage control.

¢ Wind-based transmission line routing tool
development, with increased focus on dynamic
line rating forecasting capability development to
allow generator dispatch to use the new line
capacity ($1,000,000).

e |nitiate wind cybersecurity roadmap development
(51,000,000).

¢ Support research to address regulatory restrictions
associated with radar interference and
environmental performance. Continue co-funded
interagency R&D collaboration with DOD, DHS,
DOT, DOI, DOC and other agencies under the
MOU.

¢ Support comprehensive research on the
environmental performance of offshore and land-
based wind projects, including research on avian
and bat species interactions with wind plants,
research on instrumentation, advanced
components, and operational strategies to reduce
impacts and lower costs, and make publicly
available information on wind wildlife research
through the Tethys database and through research
collaborations ($4,400,000).

Energy Efficiency and Renewable Energy/
Wind Energy

¢ Continued management of projects selected in
GMLC lab call in FY 2019 and complete wind
specific roadmap identifying opportunities for
wind in this space ($1,000,000).

¢ Continue efforts on wind-based transmission line
routing tool development, and dynamic line rating
forecasting capability development in partnership
with NOAA ($500,000).

e Continued efforts to develop and implement a
wind cybersecurity roadmap, helping drive future
investment ($500,000).

e Continue collaboration with DOD, DHS, DOT, DOI,
and DOC on research, development and
implementation of technology solutions applicable
to offshore ($500,000).

e Support National Laboratory research on the
environmental performance of offshore and land-
based wind projects, including avian and bat
species interactions with wind plants and conduct
research on instrumentation, advanced
components, and operational strategies to lower
cost and make publicly available information on
wind wildlife research through the Tethys
database and through research collaborations
($1,250,000).
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Funds are reduced to enable grid integration
activities to be consolidated. Reduction in scope
related to activities centered to the development
of hybrid energy systems to maintain efforts to
further the development of providing essential
reliability services from wind.

Reduction in scope related to the development in
wind based dynamic line rating forecasting.

Reduced effort related to the implementation of
cybersecurity roadmap activities.

Funds are reduced to enable emphasis
characterizing the unique impacts of wind energy
on radar in the offshore environment, and
applying that knowledge to offshore specific
mitigations as needed.

Funding reduced to support an emphasis on

research to reduce costs associated with
environmental mitigation efforts.
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FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

¢ Continue support for the National Wind Turbine
database and research on community impacts.
(5500,000).

Continue provision of WINDExchange
informational resources to ensure decision-makers
are using the best available science to support
wind energy policy and deployment decisions
(51,000,000).

Continue Wind for Schools for development of a
robust domestic wind energy workforce
(51,000,000).

Continue the Collegiate Wind Competition funded
primarily with FY 2018 funds and supplemented
with FY 2019 funds, for development of a robust
domestic wind energy workforce ($400,000).

e Continue support for the National Wind Turbine

database and research on community impacts
(5150,000).

Continue provision of WINDExchange
informational resources to ensure decision-makers
are using the best available science to support
wind energy policy and deployment decisions.
(5200,000).

Continue Wind for Schools for development of a
robust domestic wind energy workforce
(5200,000).

Initiate new funding cycle for Collegiate Wind
Competition for development of a robust domestic
wind energy workforce ($200,000).

Funding will narrow focus to incremental
improvements and necessary maintenance of the
database, as well as limited follow on community
impacts research.

Funding will be narrowed to focused on web
based tools and resources.

Will focus on allowing for continuation of a scaled-
down program. A private project partner will take
on more of the management of and fundraising
efforts for the existing Wind Application Centers.
Funds narrowed to focus reduced size of
competition.
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Wind Energy
Modeling and Analysis

Description

The Modeling and Analysis subprogram provides objective analysis to evaluate and prioritize wind energy technology
innovation opportunities for land-based, offshore, and distributed applications, based on a solid understanding of current
technology and market conditions as well as state-of-the art systems engineering, cost and deployment models, and tools.
These analyses are used to identify early-stage R&D needs as well as to prioritize activities within the portfolio.

The subprogram also provides regular reporting and analysis of costs and market trends to ensure transparency in its
analytical basis and methods; performs fundamental analysis of wind’s impacts on economic factors such as land use and
jobs; and provides the analytical basis for program development of annual and multi-year plans and technology roadmaps
and investments. Using state of the art modeling tools such as ReEDS (energy capacity expansion model) and WISDEM
(systems engineering model), and accessing the most detailed wind data available, the subprogram will continue improving
the knowledge base surrounding techno-economic factors associated with wind energy in electric sector and wholesale
energy modeling, as well as providing detailed analytical data in the form of annual technology market reports to facilitate
informed policy and investment decisions across the wind industry.

In FY 2020, subprogram funding will evaluate the potential impact of innovations in land-based (including community and
distributed) wind and offshore wind, with a focus on identifying opportunities to increase the value of wind to the
electricity system. Where possible, key modeling and analysis tools will be converted to open source software to support
greater transparency.
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Activities and Explanation of Changes

Modeling and Analysis

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Modeling and Analysis $7,000,000

$1,200,000

-$5,800,000

e In FY 2019, the subprogram will focus on data
collection in partnership with two National
Laboratories, and a variety of industry participants
to feed systems engineering and other analysis
necessary to determine remaining cost reduction
opportunities in land-based and offshore wind and
identify opportunities where DOE investment has
a unique role in driving innovation. Analysis
supporting characterizing the electricity systems
cost and benefits of wind on the grid will be
conducted including ability of wind to provide
ancillary services.

In FY 2019, the subprogram will complete the
second phase of a multi-year analysis effort
through one National Laboratory project on high-
fidelity systems engineering evaluation of floating
offshore wind systems to identify the turbine,
substructure and balance-of-plant R&D pathways
necessary for system optimization and deep cost
reductions.

e $1,200,000 to engage National Laboratories and

industry partners and other stakeholders to focus
on core data collection and reporting, and
evaluation of potential impact of innovations, with
a focus on identifying opportunities to increase the
value of wind to the electricity system. Where
possible, key modeling and analysis tools will be
converted to open source software to support
greater transparency.

¢ No funds requested for this activity

¢ Focus with reduced FY 2020 funds limited to
collecting core data and measuring progress
towards goals, and identifying 1-3 innovation
pathways that could enhance wind’s value to the
electricity system.

e Project completed with FY 2019 funds
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Water Power

Overview

Hydropower and marine and hydrokinetic (MHK) energy generates renewable electricity that supports domestic economic
prosperity and energy security while enhancing the reliability and resiliency of the U.S. electric grid. The Department of
Energy’s (DOE) Water Power Program conducts early-stage research and development (R&D) to strengthen the body of
scientific and engineering knowledge supporting industry efforts to develop new technologies that increase U.S.
hydropower and MHK generation. To accomplish its objectives, the program supports the National Laboratories, industry,
and academia to conduct R&D though contracts, cooperative agreements, and other innovative partnerships and
approaches.

Hydropower has provided the U.S. with sustainable, reliable, and affordable power for over 100 years. In 2017, hydropower
supplied 7.5 percent? of the nation’s electricity end-use demand — more electricity generation than any other renewable
energy source. Currently, there is over 100 GW? of installed hydropower and pumped storage hydropower (PSH) capacity
powering the equivalent of 21 million homes.? In addition to the economic benefits of providing cost-competitive and low-
carbon electricity, the flexible nature of hydropower makes it among the most valuable forms of generation, providing the
full range of flexibility and essential reliability services required by the electrical bulk-power system. PSH can also be used to
store excess variable generation — further contributing to grid reliability, reducing the curtailment of other generation
sources, and supporting the integration of a larger share of variable renewables like wind and solar into the power grid.

Even though many technologies used in hydropower today are well established and commercially available, the
hydropower fleet requires significant innovation to realize its potential contribution to the clean energy supply and adapt to
the rapidly evolving power system. In 2016, DOE’s Hydropower Vision found a substantial opportunity for new hydropower
and pumped storage in the U.S., with an additional 50-65 GW of generation and long-duration energy storage possible by
2050 through a combination of upgrades to existing plants, new hydropower at existing unpowered dams and in new
stream-reaches, and new PSH capacity. At the same time, the increasing value of hydropower’s ability to provide flexibility
and balancing services at scale means that the operation of existing plants is changing rapidly and the current fleet faces
significant uncertainty around future costs, operations, and technology needs. Realizing the potential for new hydropower
and optimizing the operations of existing plants, however, will not happen without focused research and development to
reduce costs and construction timelines, continued improvement of environmental performance, and comprehensive
understanding and improvement in hydropower’s ability to operate flexibly and provide reliability and resilience services to
the grid.

To support new hydropower, the Water Power Program supports partnerships among the National Laboratories,
universities, and industry to conduct early-stage R&D activities that address fundamental science and technology gaps to
achieve necessary cost reductions and environmental performance improvements for standardized, modular hydropower
designs. Currently the vast majority of hydropower plants and turbines are custom-designed for every site, leading to high
capital costs. For small hydropower, significant levelized cost of energy (LCOE) reductions are possible by standardizing
design and manufacturing. In addition, the 2016 Vision found that much of the development of new small hydropower
facilities — as opposed to non-powered dams — requires new technologies with improved environmental characteristics.
Program R&D on standardized, modular hydropower includes research on the interactions between design elements and
site characteristics that occur far before commercialization of any given system, providing a basis of understanding for the
viability and tradeoffs of different design choices and enabling future industry-led R&D. The program’s early-stage R&D
supports industry efforts to develop novel technologies and operational strategies that can increase hydropower’s
capability to provide generation, essential grid services, and environmental performance at existing facilities while meeting

1U.S. Energy Information Administration. Table 7.2A Electricity Net Generation: Total (All Sectors). Accessed August 13th,
2018. https://www.eia.gov/totalenergy/data/browser/?tb|=T07.02A#/?f=A&start=200001.

2 “Hydropower Vision Executive Summary,” U.S. Department of Energy. Page 1. July 26, 2016. Accessed January 30%", 2018.
https://energy.gov/sites/prod/files/2016/10/f33/Hydropower-Vision-Executive-Summary-10212016.pdf.

3 “2014 Hydropower Market Report Highlights,” U.S. Department of Energy. Page 2. April, 2015. Accessed January 30,
2018. https://energy.gov/sites/prod/files/2015/04/f22/Hydropower-Market-Report-Highlights.pdf.
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multiple use demands of energy generation, irrigation, and recreation.

The program also invests in research and development that enhances the ability of hydropower and PSH to provide
increased flexibility and grid-reliability services, and investigates new PSH technologies that can dramatically reduce the
capital costs and barriers to new large-scale long-duration storage facilities critical to maintaining a reliable and resilient
grid. Program efforts also include analysis to evaluate the specific contribution of different reliability services provided by
hydropower, the ability and costs for different types of hydropower facilities to provide those services, and the
technologies and operational shifts required to optimize the value of hydropower’s flexibility, as well as the development of
new technologies that improve facilities’ abilities to operate flexibly and responsively.

The request provides $15,000,000 in support of the Advanced Energy Storage Initiative, which coordinates EERE R&D across
DOE to advance energy storage and other technologies that create more flexible generation and more flexible load, thereby
increasing the reliability and resilience of the U.S. electric grid. Energy storage is critical to advance a flexible, resilient
electrical grid and expand affordable mobility options from a diverse suite of energy resources — and energy storage for the
grid is complemented by a portfolio of generation and load technologies that provide flexibility, essential reliability services,
and system resilience. The Advanced Energy Storage Initiative will enhance coordination across EERE and DOE and establish
aggressive, achievable, and comparable goals for cost-competitive energy storage services and applications.

The Water Power Program also supports fundamental research to better understand the relationships between energy
generation, water flow and important indicators of environmental health, enabling industry to develop technologies and
operational strategies that can increase both power generation and environmental performance at existing facilities.
Whereas existing industry tools are designed to optimize for water flow and structural loading, the program’s early-stage
R&D combines experience across biological sciences, hydrology, engineering, and the computing resources at the National
Laboratories to quantitatively describe interactions between hydropower components and site-specific environmental
conditions. The resulting design codes and models articulate the trade-offs between environmental and operational
considerations to support industry innovation in turbine design and inform scheduling and dispatch models so they can be
more effective at optimizing across multiple mandates. This research is executed in close collaboration with industry and
Federal hydropower operating agencies, with the program research focusing on knowledge generation that feeds future
industry innovation and commercialization.

Marine and hydrokinetic technologies convert the energy of waves, tides, and river and ocean currents into electricity and
have the potential to provide millions of Americans with locally sourced, clean, and reliable energy. MHK is also a
predictable, forecastable resource with a generation profile complimentary to the seasonal or temporal variations of other
resources such as onshore wind and solar, which can enhance its contributions to grid resilience and reliability. MHK
technologies also have the potential to provide cost-effective energy for numerous existing distributed applications. In non-
grid connected or remote, coastal areas — including forward operating military bases and smaller communities — where
electricity costs are high, MHK devices may contribute to least-cost power (either as part of a portfolio of balanced local
resources or as the dominant technology) while avoiding the expense and risk of relying on imported fuels. MHK is also
uniquely situated to satisfy the energy needs of a number of distributed ocean applications, including military, commercial
and scientific applications, such as ocean-based sensors, monitoring equipment and autonomous vehicle recharging at sea,
as well as reducing desalination costs by avoiding the costs and efficiency losses in generating electricity to power
desalination systems.

MHK technologies are at an early stage of development due to the fundamental scientific and engineering challenges of
generating power from dynamic, low-velocity and high-density waves and currents while surviving in corrosive ocean
environments. These challenges are intensified by high costs and lengthy permitting processes associated with in-water
testing. To address these challenges, the program invests in early-stage R&D specific to MHK applications to generate
knowledge relevant for industry to develop innovative components, structures, materials, systems, and approaches to
manufacturing. Key to this process, the program develops, improves, and validates computer modeling tools and
methodologies needed to optimize device and array performance and reliability across operational and extreme conditions.
It also supports the development and utilization of testing infrastructure to facilitate systematic technology development
and validation by industry at multiple scales. The program works to aggregate, analyze and disseminate data, enabling
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industry-led development of cheaper and more effective monitoring instrumentation, ultimately increasing permitting and
regulatory process efficiencies.

The program’s early R&D work in MHK focuses on addressing scientific and engineering challenges that facilitate
breakthroughs that have broad, industry-wide benefits. It has developed strategic partnerships across the industry and into
other scientific, engineering and industrial disciplines to leverage and focus resources on long-term MHK goals. Through
support of device design and testing, the program has demonstrated cost and performance baselines and improved device-
specific efficiency and reliability. The program has also provided critical, third-party validated data to inform continued
early-stage research into new designs, materials, and systems.

Highlights of the FY 2020 Budget Request
The Water Power Program will pursue the following major activities in FY 2020:

In support of DOE’s Advanced Energy Storage Initiative, the program continues its focus on hydropower and PSH’s roles
in grid reliability and resiliency by supporting innovative PSH technologies and conducting new research to characterize
and improve hydropower’s flexibility and responsiveness.

In support of the Water Security Grand Challenge, the program will investigate competitive opportunities, including
prizes and other innovative approaches, to advance energy-water security.

The program will support R&D to increase improvements in controls and power take-offs for early-stage marine
technologies, as well as alternative applications of the technologies for remote communities, ultimately leading to
reduced costs and increased competitiveness of marine energy devices.

Investments in R&D for innovative standardized and modular hydropower technologies using advanced manufacturing
techniques to lower overall project costs and improve environmental performance versus traditional projects at new
stream reaches and non-powered dams.

Through its partnerships with the Navy and with university-National Laboratory collaborations, the program will validate
reliability of marine energy technologies and assess the integration of power from MHK devices, in particular the
oscillatory fluctuations from wave energy, into the electric grid.

The program will support innovative environmental mitigation technologies and new research to inform licensing
requirements and processes facilitating reduced time, cost, and uncertainty in hydropower licensing.

In marine energy, the program will continue to analyze and disseminate the results of open water tests in order to
reduce perceived environmental risk and the time associated with device permitting.
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Water Power
Funding ($K)

FY 2018 FY 2019 FY 2020 FY 2020 Request vs
Enacted Enacted Request FY 2019 Enacted
Water Power
Hydropower Technologies 35,000 35,000 25,000 -10,000
Marine and Hydrokinetic Technologies 70,000 70,000 20,000 -50,000
Total, Water Power 105,000 105,000 45,000 -60,000

SBIR/STTR:

e FY 2018 Transferred: SBIR $3,093,000; STTR $435,000
e FY 2019 Projected: SBIR $3,134,000; STTR $441,000

e FY 2020 Request: SBIR $1,431,000; STTR $201,000
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Water Power

Explanation of Major Changes ($K)

FY 2020 Request vs
FY 2019 Enacted

Water Power

Hydropower Technologies: In FY 2020, no funding is provided for implementation of Section 242 of the Energy Policy Act of 2005. The
subprogram is not funding the design and testing of acoustic fish tags for American Eel and Pacific Lamprey, which was completed in FY
2018. No funding is provided for the Clean Energy Research Center as the funding commitment was satisfied in FY 2019. Funding is
provided to support the Advanced Energy Storage Initiative, to include activities in support of increasing the flexibility of hydropower to
the grid and advanced storage capabilities, like pumped storage hydropower. -10,000

Marine and Hydrokinetic Technologies: The FY 2020 Request eliminates funding for advanced materials, MHK device components, and
current system design and validation. It does not include funding for infrastructure upgrades at marine industry testing sites operated by
the National Marine Renewable Energy Centers (NMRECs), but provides funding to support collaborations between the NMRECs and the
National Laboratories. The request maintains core funding for development and testing of specific marine energy systems and
components, such as power take-off, controls or structural designs, for testing at the open water test facility once it becomes
operational. It also reduces. It also maintains funding necessary for FY 2020 scope of work for advanced wave energy converter controls,
wave, tidal and current resource classification, and sharing of environmental and regulatory data among researchers, developers and

regulators. The Request includes funds for initial scoping of a funding opportunity to prove the feasibility of tidal devices in remote
communities. -50,000

Total, Water Power

-60,000
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Water Power
Hydropower Technologies

Description

Hydropower is the oldest and largest renewable energy generation resource in the U.S. While hydroelectricity has been in
use for over a century, there is still opportunity for additional generating capacity and grid reliability services realized
through novel design and operations innovations. Consistent with the 2016 Hydropower Vision Report, the program’s
hydropower strategy is focused on strengthening the body of knowledge that support industry efforts to develop and
deploy new technologies, quantify the value of grid reliability services, address regulatory requirements, and maintain and
improve the sustainability of U.S. hydropower assets.

The hydropower subprogram targets both critical information and technology development challenges currently limiting
hydropower generation, as well as research and analysis to improve understanding of any long-term costs—and potential
technology solutions—associated with operating hydropower so as to maximize its long-term contributions to the grid.
Examples of important challenges include: reducing the site-specific costs of construction, powerhouse design/installation,
and environmental mitigation with new standardized, modular approaches to hydropower project design at non-powered
dams and new stream reaches; developing models that more effectively characterize how hydropower can be operated to
maximize its flexibility and contribute to grid reliability and resilience, and the corresponding implications for cost and
performance; turbine designs that simultaneously optimize both generation and environmental performance; evaluating
technologies that allow multiple run-of-river small (<10MW) hydropower facilities and energy storage systems to operate
as a single, dispatchable system while providing essential grid services; and PSH technology configurations that reduce
siting limitations, construction timelines, and environmental impacts. In support of the Water Security Grand Challenge, the
subprogram will investigate competitive opportunities, including prizes and other innovative approaches, where small,
modular hydropower systems could complement other water-related objectives, like irrigation systems modernization or
groundwater recharge.

The subprogram’s R&D efforts focus on areas where hydropower turbine manufacturers and hydropower-owning utilities
are unlikely or unable to spend private capital. This typically includes the initial conceptual design, and numerical modeling
and validation of technologies that can subsequently be adopted by industry for further development and
commercialization. For entirely new and unproven approaches to hydropower development, such as modular hydropower
or innovative PSH designs, the subprogram partners with the private sector through competitive mechanisms to perform
early-stage research. This research focuses on innovative approaches to hydropower, including design, configurations, and
advanced manufacturing, improving DOE’s ability to propagate cost-reductions and environmental performance
improvements across the industry. Hydropower R&D efforts are closely coordinated with the Federal agencies that own and
operate half of the hydropower capacity in the U.S. to inform operations & maintenance decision-making processes across
the U.S. hydropower fleet, ensuring that hydropower can continue to maintain its value to the U.S. electric grid. While a
small portion of these agencies’ budgets also go toward R&D, such efforts are targeted more to solve specific pressing O&M
challenges associated with their own fleets as opposed to generating knowledge benefits relevant to the hydropower
industry at-large.

Traditionally, hydropower was designed to provide optimal performance and value when operating at a constant output
level. Both hydropower and PSH, however, are capable of adjusting their output quickly and on demand, providing a highly
flexible generation source with critical services that help maintain the reliability and resiliency of the nation’s power grid.
Services include quick response dispatchable power that can be used to meet peak demand and balance variable resources,
as well as a discrete set of technical capabilities ranging from sub-second frequency response to black-start capabilities that
can help the grid quickly recover from an outage. PSH provides many of these same services, in addition to the ability to
absorb excess generation during the pumping mode and provide long-term power storage for when it is needed most. The
importance of these capabilities and flexibility will increase as the nation’s electric grid evolves, however the specific design
and operational attributes that will prove most valuable are not well understood and remunerated, which leads to potential
inefficiencies in how existing power and ancillary services are procured and compensated. As part of the Advanced Energy
Storage Initiative, the hydropower subprogram continues research to quantify and understand the economic value of the
services provided by hydropower and PSH, and the additional costs or technical requirements of operating hydropower
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systems in a changing grid. This research includes understanding the value of hydropower under future electric system
conditions, quantifying the effect of flexibility constraints on plant capabilities and performance (e.g. from variations in
water flows, plant designs, or license conditions), addressing critical technical barriers to effective operation of hydropower
resources for reliability and economic dispatch, and identifying technology solutions that will preserve or enhance
hydropower capabilities to deliver services or system benefits competitively. In addition, the subprogram continues to drive
innovation in the design of PSH, as traditional designs are capital intensive, limited in where they can be sited, and difficult
to finance. New transformative designs could reduce capital investment requirements, expand siting possibilities, and
shorten development timeframes for new facilities, thus creating incentive for private investment.

Efforts to improve sustainability and environmental performance of the nation’s hydropower systems are inherently linked
to the development of new hydropower technologies and modernization of the existing fleet. Scientific advances that allow
developers and operators to more effectively identify and mitigate potential impacts ultimately allows for more new
hydropower development, more effective utilization of existing hydropower, and reduced regulatory costs. The subprogram
continues to develop turbine design and evaluation tools based on new biological research that support the efforts of
manufacturers to design new turbines (both for new projects and replacements of existing turbines) that simultaneously
optimize generation and environmental performance. The program-funded research informs regulatory study requirements
for hydropower permitting and the subprogram also engages with stakeholders and partner agencies to provide unbiased
scientific data to facilitate targeted improvements to regulatory processes.

In FY 2020, the hydropower subprogram will contribute $15,000,000 to the Advanced Energy Storage Initiative to continue
research and development to increase the flexibility of hydropower’s generation and pumped storage, and the ability of
those technologies to provide critical grid services. The subprogram will continue to assess and drive innovation in
hydropower flexibility, as well as new PSH configurations that reduce geographic siting limitations, construction costs and
timelines, and environmental impacts. Traditional designs are capital intensive, limited in where they can be sited, and
difficult to finance. New transformative designs could reduce capital investment requirements, expand siting possibilities,
and shorten development timeframes for new facilities, thus creating incentive for private investment. The subprogram will
also conduct research to compare cost, performance, deployment timelines, and capabilities of new and existing PSH
technologies, including those competitively selected through funding opportunities in FY 2016 and FY 2018. In addition, the
subprogram will build off prior years’ work to develop technologies that would allow multiple small run-of-river
hydropower facilities to be paired with an energy storage system (e.g., batteries) and operated together as a single,
dispatchable system that could also provide essential grid services to maintain system reliability.

In FY 2020, the subprogram will continue National Laboratory and industry R&D efforts to develop standard, modular
hydropower components and site designs. While prior years’ efforts have focused on conducting the foundational research
for standard, modular approaches and competitively selecting hydropower developers to apply existing technologies for
site design pertaining to new stream reach development, in FY 2020 subprogram focus will shift towards standard, modular
approaches at existing non-powered dams. Similar to FY 2018, the subprogram will utilize competitive mechanisms to work
with developers to develop new hydropower designs for non-powered dams, including innovative generation, foundation,
and passage modules. New module development will leverage results from the prior year’s analysis to identify
opportunities for advanced manufacturing hydropower applications.

In FY 2020, the subprogram will continue its work to develop turbine design and evaluation tools that improve fish passage
and turbine efficiency (the third year of the four-year Phase Il of a multi-lab project). The subprogram will also begin
updating the Department’s 2016 Hydropower Vision Roadmap to ensure it fulfils its intention to be a living document that
reflects past progress. In addition, the subprogram will build off efforts in prior years to develop a scientific framework for
identifying the key factors that contribute to environmental impacts of hydropower. The FY 2020 effort will apply the
framework in a regulatory setting to minimize the time and costs for scientific studies needed for regulatory permitting.
Funding also supports the third and final Report to Congress under the SECURE Water Act Section 9505, due in 2021.
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Activities and Explanation of Changes

Hydropower Technologies

FY 2019 Enacted

FY 2020 Request

Explanation of Changes
FY 2020 Request vs FY 2019 Enacted

Hydropower Technologies $35,000,000

$25,000,000

-$10,000,000

e $11,300,000, in support of Beyond Batteries for
projects that explore: 1) opportunities for run-of-
river hydropower facilities to be operated together
as a single, dispatchable system; and 2) the ability
of existing hydropower facilities to operate flexibly
and provide essential grid services. This effort also
includes technology and analytical research at
National Laboratories to evaluate hydropower’s
contributions to grid resiliency.

e $5,000,000 to leverage advanced manufacturing
techniques for standard, modular hydropower
components for new stream reaches.

e 51,500,000 to continue National Laboratory efforts
to develop design specifications and computer
modeling tools for standardized, modular
hydropower technologies.

e $6,600,000 for implementation of section 242 of
the Energy Policy Act of 2005 (P.L. 109-58).

e $400,000 to fund the final year of the Clean Energy
Research Center (CERC).

e $15,000,000, in support of the Advanced Energy
Storage Initiative to design and evaluate new PSH
technology configurations and analytical research
at five National Laboratories to evaluate: 1)
opportunities for run-of-river hydropower facilities
to be operated together as a single, dispatchable
system; and 2) the ability of existing hydropower
facilities to operate flexibly and provide essential
grid services.

e $2,000,000 for projects that employ standard
modular hydropower at existing non-powered
dams.

e $1,800,000 to continue National Laboratory efforts
to develop design specifications and computer
modeling tools for standardized, modular
hydropower technologies.

e No funding requested

e No funding requested

e No change from FY 2019.

e FY 2020 Request will build on past research and
lessons learned from previously-funded projects to
develop new hydropower designs for non-powered
dams, including innovative generation, foundation,
and passage modules.

e No change from FY 2019.

e Funding incentive payments for deployment is
inconsistent with the focus on early-stage R&D.

e FY 2019 represents the final year of a multi-year
commitment to provide funding for the CERC.
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Water Power
Marine and Hydrokinetic Technologies

Description

Marine and hydrokinetic (MHK) energy technologies convert the energy of waves, tides, river currents and ocean currents
into electricity. Resource assessments show the U.S. has 1250-1850 terawatt-hours per year® (TWh/yr) of untapped,
technically extractable MHK resource potential, equivalent to nearly 30 percent of total electricity generation in the U.S.
Developing just one-sixth of the available wave energy in the five Pacific states could power more than five million homes.
MHK is a predictable, forecastable resource with generation patterns typically complimentary to other renewables such as
onshore wind and solar, enhancing its potential to augment grid stability. Industry deployment of MHK technologies for
bulk power generation is nascent, and significant research and development is required to realize cost-competitiveness at
the utility scale for MHK technologies. Other non-utility scale applications, including power for remote coastal communities
with high electricity costs, charging for ocean-based sensors and underwater vehicles, and non-electric uses like
desalination provide industry with opportunities to develop and deploy MHK technologies in the near-term.

The Water Power Program’s strategy to help catalyze MHK development focuses primarily on technology research and
design tools to support the efforts of industry to reduce cost and improve performance of MHK technology concepts. This
research involves testing proof-of-concept systems in laboratory and ocean settings to understand performance
characteristics, identify and mitigate reliability risks, and provide data to inform future R&D to improve early-stage designs
across the industry. The MHK subprogram is committed to investment in early-stage R&D that supports the domestic MHK
industry to advance toward achieving cost competitiveness with local hurdle rates in near-term markets, while working
toward long-term cost-competitiveness at the utility scale. This will be focused on design concepts that have the potential
to increase energy capture and annual energy production, improve reliability and availability, and reduce capital and
operating costs if further developed and deployed by industry. R&D activities will include a focus on design concepts that
have the potential to serve existing or emerging ocean-based technologies that can advance the nation’s military,
commercial and scientific capabilities. These include power for remote coastal communities and DOD installations with high
electricity costs, charging for ocean-based sensors and underwater vehicles, and non-electric uses like desalination.
Development and testing for these applications will provide critical data and experience that will accelerate design
improvements and cost reductions for grid-connected power generation. Many of these markets and applications
contribute to the development of the “Blue Economy,” a multi-sector effort to advance our understanding of the ocean and
drive technology innovation to unlock the scientific and commercial opportunities it holds. The Blue Economy is an
Administration priority, and will require new sources of energy available at sea which marine energy may be particularly
well-suited to provid