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In recent years, Congress has shown remarkable leadership in energy
innovation policy. Rejecting the Trump administration’s recommended
cuts, lawmakers instead boosted funding for research, development, and
demonstration (RD&D) in renewable energy, energy efficiency, carbon
capture, and basic energy sciences.! They supported loan programs for
first-of-a-kind projects, including an advanced nuclear plant and a clean
methanol production facility. And they are currently debating a flurry of
bills to create new programs to accelerate innovation in energy storage,

atmospheric carbon removal, and advanced nuclear power.

The Trump administration has once again proposed massive cuts to energy RD&D, this
time in its recently released fiscal year (FY) 2020 budget request. The Department of
Energy’s (DOE) RD&D budget would be slashed by more than 40 percent, from $7.3
billion in FY 2019 to less than $4 billion in FY 2020, to its lowest inflation-adjusted level
since the middle of the George W. Bush administration. As a share of the economy, federal
energy RD&D would reach its lowest level since the creation of DOE in 1978.%

Lawmakers should not give this year’s budget proposal any greater credence than they have
given the last two, wherein Congress emphatically rejected draconian cuts and increased
energy RD&D programs by 14 percent in FY 2018 and 5 percent in FY 2019. Clean
energy innovation is a win-win-win-win investment: It lowers energy costs for consumers
and businesses; increases the global competitiveness of U.S. clean-tech businesses;
strengthens energy security and resilience; and reduces pollution, including greenhouse gas

emissions that cause climate change.
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Congress should continue down the path it set in 2018 and 2019 and elevate innovation in
clean energy as a national priority in 2020. The Information Technology and Innovation
Foundation (ITIF) recommends Congress do the following:

Sustain the expansion in federal energy RD&D to get the United States back on a
path to doubling this investment by 2021.°

Grow the Advanced Research Projects Agency-Energy (ARPA-E) budget to $1
billion within five years.*

Expand the energy RD&D portfolio to cover harder-to-abate sources of carbon
pollution.’

Build a robust, diverse portfolio of technology demonstration projects.

This report first describes the key role of the federal government in the U.S. energy
innovation system. It then provides a high-level overview of both DOE’s overall budget
and its RD&D budget. The bulk of the report drills down into the programs and
subprograms that make up DOE’s RD&D budget, detailing what would be put at risk by
the administration’s proposed cuts, and opportunities that might be realized through

expansion.

THE KEY ROLE OF THE FEDERAL GOVERNMENT IN THE U.S. ENERGY
INNOVATION SYSTEM

Public investment and private investment play complementary roles in the
commercialization of new energy technologies. The private sector is very good at improving
mature technologies and developing nearly mature ones into marketable products. It does
so in response to considerations such as competitive advantage, time to market, return on
investment, and other economic incentives. Industry is the primary innovator in the
United States, accounting for approximately 69 percent of total research and development
(R&D) spending. However, industrial innovation is by nature incremental and focused on

relatively short-term payoffs.”

The U.S. energy industry invests a very small share of its revenues, just 0.3 percent, in
R&D. That is far less than the 8.5 percent R&D-to-revenue ratio found in aerospace and
defense, 9.8 percent in computers and electronics, and even 2.4 percent in autos.® The
American Energy Innovation Council (AEIC), a group of 14 of the nation’s prominent
corporate leaders, has made a detailed analysis of the challenges that limit private-sector
innovation in the energy sector. These include high capital-intensity and long payback
periods for investments. Even venture capital (VC) funding, which tends to be less risk-
averse than other sources of private capital, favors payback times and returns on

investments that make it a poor match for the cleantech industry.’

In addition, because energy is valued as a commodity—i.e., there is no tangible difference
in the electricity that comes from a coal plant versus a wind farm—emerging technologies
often cannot distinguish themselves from incumbent technologies and must therefore

compete on price and performance from the moment they enter the market.' Electric

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | APRIL 2019 PAGE 2



utilities are often legally mandated to keep prices low and are prohibited from investing in
new technologies."'

The federal government is uniquely suited to address these barriers, making high-risk, long-
term investments the private sector is simply unwilling to fund. Indeed, ITIF has found
that federal investment frequently serves as a catalyst for industry, as government RD&D
tends to attract rather than crowd out additional private RD&D dollars.'*

Figure 1: Technology Readiness Stages of the Innovation Process'
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Accelerating energy innovation requires a suite of policies acting together across the
innovation spectrum (figure 1). For technologies that are far from commercialization,
public investment in basic and applied research and technology development is necessary to
improve the performance and drive down the cost of emerging technologies to the point
that entrepreneurs and corporate R&D units jump in. As technologies mature, successful
demonstration at commercial scale may be necessary to establish cost, reliability, and
performance characteristics and provide confidence to more risk-averse investors and the
public that the technology works as intended. Additional tools such as loan guarantees for
first-of-a-kind commercial projects and “market pull” policies such as tax incentives and
clean energy standards can bring technologies further down the cost curve. Public
investment as a share of the total spent on each technology generally declines as it matures,
from full public support for basic research to significant levels of private-sector cost-sharing
in the development and demonstration stages to fully private funding of large-scale
deployment.

As the nation’s largest funder of energy RD&D, DOE fills a foundational role in the U.S.
energy innovation ecosystem. Many of the technologies currently making major
contributions to both the U.S. and global energy systems received DOE support along the
way (See box 1).
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Box 1: The Shale-Gas Revolution

The shale gas revolution example illustrates the synergies of “technology push”
and “market pull” policies working in concert to shepherd a new technology to
market. Beginning in the late 1970s, the federal government funded fundamental
research in directional drilling and shale resource characterization, countenanced
and funded industry-wide collaboration in applied RD&D that might otherwise
have drawn antitrust scrutiny, and subsidized industry-led demonstrations of the
first horizontal wells in West Virginia and Texas. This technology push overlapped
with a time-limited market-pull production tax credit for wells drilled between
1980 and 1992, with production eligible for the credit through 2002.'# By 2002,
when federal support tapered off, shale gas had grown to account for 2 percent of
domestic gas production and was able to compete in the market on its own. Since
then, hydraulic fracturing technologies, combined with vast domestic shale
resources, have enabled shale gas to grow to 70 percent of domestic production.!®

Congress has filled critical gaps in the energy innovation ecosystem through the
establishment of ARPA-E and clean energy manufacturing innovation institutes, and by
funding technology demonstration projects. It has also sought to build tighter linkages
between DOE’s national laboratories and innovators in private industry.

These hard-won gains have been threatened by the Trump administration, whose budget
for FY 2020 would not merely reverse Congress’s efforts to strengthen the U.S. energy
innovation system, it would put the whole system at risk. Congress has definitively rejected
the administration’s approach in the last two budget cycles, instead providing a large boost
to energy RD&D in FY 2018 and a more modest increase in FY 2019. Congress should
reject the administration’s FY 2020 budget proposal, elevate energy innovation as a
national priority, and continue to expand federal funding for DOE’s energy

RD&D programs.

ENERGY RD&D: STILL A JUNIOR PARTNER AT DOE

The name “Department of Energy” may leave the mistaken impression that DOE’s
primary function is overseeing and improving the nation’s energy innovation system. In
fact, when the other activities of DOE—defense, environmental cleanup, and non-energy-
focused basic science—are taken into account, only $7.3 billion, or 20 percent of DOE’s
budget, supports energy innovation (figure 2).
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Figure 2: DOE Budget by Major Function, FY 2019'®
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DOE was created in the late 1970s at a time when energy demand was increasing rapidly,
energy prices were high, and OPEC was flexing its muscles in global oil markets. Energy
innovation and the development of domestic clean energy were viewed as matters of
economic and national security. In 1978, Congress invested nearly $10 billion in energy
research (in 2017 US$) at DOE, or more than 2 percent of non-defense discretionary
spending. But as energy prices declined, energy innovation receded as a national prioricy—
and funding for energy RD&D has not kept pace. Total funding hovered below $4 billion
for most of the mid-1980s through the early 2000s (figure 3).

In 2007, the National Academies released its groundbreaking report Rising Above the
Gathering Storm, which examined U.S. leadership and competitiveness in science and
technology. The report concluded that without increased RD&D investments, the United
States risked falling behind other nations—particularly in clean energy innovation."” In
response, Congress passed the America COMPETES Act of 2007, which authorized a
doubling of RD&D funding at DOE and other science and technology agencies. The
doubling goal was reaffirmed in the 2010 reauthorization of COMPETES, and again at the
launch of Mission Innovation in 2015." However, actual appropriations have not matched
these funding targets, and the United States remains far short of its original goal of
doubling energy RD&D funding by 2021.
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Figure 3: U.S. DOE Energy RD&D Spending, FY 1978 through FY 2020 Request (in 2017
Us$).1®
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Yet the administration’s budget proposal for DOE targets energy RD&D for its largest
cuts. Figure 4 compares DOE’s budget in fiscal year (FY) 2019 with the president’s FY
2020 request. The president proposes a $1.5 billion increase in defense programs, while
cutting environmental cleanup by 10 percent and basic science by 13 percent. The budget
for energy RD&D would be cut by 48 percent, from $7.3 billion to $3.9 billion, which
would reduce energy RD&D to its lowest level in real terms since 2005.

Figure 4: Proposed Changes in DOE’s Budget by Major Function.?
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ENERGY RD&D IN THE TRUMP BUDGET: HISTORIC CUTS BASED ON FAULTY
PREMISES

The FY 2020 budget request, if enacted, would result in the largest single-year decrease in
energy RD&D in DOE’s history, and reflects a fundamental skepticism of the federal
government’s role in energy innovation. It is based on two flawed rationales: first, that the

private sector will pick up the slack if the federal government withdraws from mid-
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and late-stage energy technology RD&D; and second, that the success of certain
technologies that have seen dramatic price reductions in recent years—such as wind power,
solar power, and electric vehicles—means federal action to spur further energy innovation
is no longer needed.

Box 2: Dramatic Cost Reductions for Solar Photovoltaics

The evolution of solar photovoltaic (PV) technologies similarly exemplifies the role
of smart public policy in accelerating innovation and the synergistic interactions
between public and private investment. In the 1970s and 1980s, government and
university R&D was responsible for most of the performance improvements and
cost reductions in solar PV modules. During this time, the nascent solar industry
was supported by the emergence in the public sector of niche applications—
primarily for use in satellites—at NASA and the Defense Department that were
relatively insensitive to cost. As the technology matured and the solar industry
expanded, pull policies such as tax incentives, net metering, feed-in tariffs, and
state portfolio standards helped expand the market for solar and also incentivized
greater private-sector investment, which enabled the industry to take advantage of
economies of scale. In 2011, the DOE Loan Programs Office provided loan
guarantees to the first five utility-scale solar PV facilities larger than 100
megawatts (MW).%! Thanks in large part to these policies working together in the
United States and globally, the cost of solar PV panels has declined by 99 percent
over the last four decades.??

The Office of Management and Budget (OMB) has directed agencies to focus RD&D
spending on early-stage research and has issued guidance that “federally funded energy
R&D should continue to reflect an increased reliance on the private sector to fund later-
stage research, development, and commercialization of energy technologies.” * The request
therefore falls most heavily on the applied research, development, pilot, and

demonstration projects.

Public support for emerging energy technologies is needed across the innovation spectrum
in order to address market failures that typically block emerging energy technologies from
reaching full maturity. Additionally, many studies have found that public investment in
energy RD&D acts as a catalyst and accelerant for private RD&D. DOE itself finds that
“[DOE investment] is most effective when it complements private investment, i.e. when
[DOE] outputs create productive investment opportunities for the private sector, thereby
crowding in private investment.”** Unfortunately, the converse is also true: Reduced public
funding will likely lead to fewer opportunities for private-sector investment in new energy
technologies. Analysis by Matt Hourihan of the American Association for the
Advancement of Science found that declining federal energy RD&D investment during the
early 1980s contributed to decreased private RD&D in advanced energy technologies.”

Energy Secretary Rick Perry and other senior DOE officials have pointed to the success

DOE programs in wind and solar energy have had in driving down costs as justification for
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budget cuts.”® While (onshore) wind and solar PV have seen dramatic and rapid cost

reductions in recent years, they are still not yet competitive without subsidies in most parts

of the country.”” More important, other emerging technologies—including offshore wind,
concentrating solar power, marine and hydrokinetic power, enhanced geothermal power,
algal biofuels, advanced small modular reactors, and many other clean technologies—are
still far from matching the reliability and low costs of conventional technologies. Yet, these

are the technologies that are targeted for the most severe cuts.

Box 3: FutureGen and Carbon Capture and Sequestration Demonstrations

Technology demonstration projects pose one of the most difficult challenges in
energy innovation policy, and not all end in success.?® The FutureGen carbon
capture and sequestration (CCS) project is one such example. First proposed by
President George W. Bush in 2003, the FutureGen 1.0 project was designed to
demonstrate integrated gasification combined cycle electricity generation, CCS,
and hydrogen production at the same site in Mattoon, Illinois. The challenge of
integrating multiple new technologies at commercial scale proved costlier than
originally planned, leading the Bush administration to shutter the project in
2008.

In 2010, the Obama administration revived the project as FutureGen 2.0,
retaining the sequestration component of FutureGen 1.0, but calling for
retrofitting an existing coal plant in nearby Meredosia, Illinois, with oxy-
combustion technology. By 2011, competition from low-cost gas-powered
generation resulted in the closure of the Meredosia coal plant. Challenges in
securing private financing to complete construction, difficulties in obtaining
environmental permits for underground carbon sequestration, and decision-
making delays at DOE headquarters also contributed to the final decision to pull
the plug in 2015.2°

A third rationale recently offered by Acting Office of Management and Budget Director
Russ Vought is that the government cannot afford to invest more in innovation when it is

t.”” However, history has shown that federal investments

already running at a budget defici
in energy RD&D have paid for themselves many times over in the form of lower energy
costs for consumers, fewer energy imports, avoided pollution, expanded entrepreneurship,

and improved competitiveness of U.S. businesses.

UNDERINVESTING IN ENERGY RD&D

By many measures, the United States is significantly #nderinvesting in energy innovation.
At the current pace, the nation will fail to meet the climate- and competitiveness challenges
of the 21st century. The recent National Climate Assessment and the Intergovernmental
Panel on Climate Change’s report on Global Warming of 1.5 Degrees Celsius point to the
need to rapidly accelerate the clean energy transition.”® Yet both global and U.S. carbon
dioxide emissions increased in 2018.% The uncomfortable fact remains that clean energy
technologies cannot yet match conventional fossil-fuel-based technologies in price and
performance. Patent applications in clean energy have declined in recent years as well,
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suggesting public investment is too modest to “crowd in” private investors who would seek
patent protection.” ITIF analysis has also identified major gaps in the federal energy
RD&D portfolio, particularly from harder-to-abate sources of carbon pollution.*

There are warning signs that U.S. competitiveness in the global clean energy industry is at
risk. Eleven other countries—including China—invest more in energy RD&D as a share of
their economy than the United States (figure 5). As other countries have stepped up their
investments in clean energy, the share of cleantech patents granted by the U.S. Patent and
Trade Office to U.S. companies has declined, from roughly 50 percent in 2001 to less than
40 percent in 2016.%

Figure 5: Government Energy RD&D Investment as a Percentage of GDP, 20163
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For these reasons, many prominent government and industry leaders have recommended
doubling or even tripling federal funding for energy RD&D. In 2018, the corporate leaders
who comprise AEIC called for a federal energy RD&D budget of $16 billion annually to
bring this sector closer to other advanced technology sectors.”” In a January 2019 report,
the Energy Futures Initiative (EFI), led by former Energy Secretary Ernie Moniz, noted
that investing in energy RD&D at a level proportional to the current value of the energy
industry to the economy ($1.37 trillion) would raise government investment to $12.5

billion per year.”®

DOE’S ENERGY RD&D PORTFOLIO: WHAT’S AT STAKE
The energy RD&D portfolio supports 20 science and technology exploration programs
that tackle a diverse set of challenges: mature domains that need to be reenergized, such as

building technologies; sectors that are growing rapidly, such as solar power; cross-cutting
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programs that support energy systems, such as storage; and innovations yet to be

commercialized, such as fusion. These science and technology programs are spread across

eight program areas:

Figure 6: DOE’s Energy RD&D Funding by Program Area, FY 2019
DOE Energy RD&D Budget, FY 2019
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Figure 6 displays the distribution of funds across this portfolio, with programs aggregated
into groups according to the DOE office that manages them. The bulk of the funding lies
in DOE’s applied energy offices: Energy Efficiency and Renewable Energy (EERE), which
houses the programs in renewable energy, sustainable transportation, and energy efficiency;
Electricity (OE); Cybersecurity, Energy Security, and Emergency Response (CESER);
Fossil Energy (FE); and Nuclear Energy (NE). Within the Office of Science (SC), Basic
Energy Sciences (BES), Fusion Energy Sciences (FES), and a small portion of Biological
and Environmental Research (BER) that supports the bioenergy research centers are also
included in DOE’s energy RD&D portfolio. ARPA-E is a stand-alone, semiautonomous
agency that advances cross-cutting research in high-potential, high-impact energy
technologies that are too early for private-sector investment.

DOE-funded RD&D through these programs has already generated a significant return on
investment. A retrospective assessment by the National Academies found that DOE
investments in RD&D have helped keep energy costs low while at the same time reducing
pollution, creating new business opportunities for the energy industry, and decreasing U.S.
reliance on foreign oil and other energy imports.”” More recently, an external review of
energy efficiency and renewable energy RD&D programs at DOE found that taxpayer
investments between 1975 and 2015 totaling $12 billion yielded more than $388 billion in
net economic benefits, a remarkable return of over $32 for every federal dollar invested.*

And ARPA-E’s high-risk/high-reward ventures are already yielding big returns, including
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the formation of 71 new technology companies that have attracted more than $2.6 billion
in private-sector follow-on funding.” But not all RD&D projects end in the successful
commercialization of new technologies. Demonstrating complex systems, in particular, has
proven especially challenging, prompting calls to reform how DOE manages

demonstration projects (box 3).%

Figure 7: Proposed Changes in the DOE Energy Budget by Program Office*?
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Figure 7 displays the proposed changes by DOE program offices. The proposed cuts would
hit ARPA-E and the applied energy programs hardest, with ARPA-E being completely
eliminated. Additionally, the budget would rescind $287 million in previously
appropriated funding, taking advantage of ARPA-E having been slow to spend all the funds
appropriated to it by Congress for FY 2018 and FY 2019. The Government Accountability
Office found that the Trump administration had deliberately and unlawfully withheld
ARPA-E from spending its FY 2017 appropriation—and this pattern may have been
repeated in the last two years.* The Natural Resources Defense Council found that, as of
December 10, 2018—more than two months after the end of fiscal year 2018—ARPA-E
had been unable to spend some $280 million (79 percent) of its $353 million FY 2018
research budget, and had not even begun to spend its FY 2019 RD&D budget.45

The budget request for the energy efficiency, renewable energy, and sustainable
transportation programs within EERE is identical to the president’s proposal for FY 2019,
with cuts ranging from 57 percent for water power to 82 percent for bioenergy
technologies. However, the FY 2020 EERE budget makes use of the same budgeting
gimmick being applied to ARPA-E: It would draw on $353 million in previously
appropriated but unspent funds from FY 2018 and FY 2019 to meet the FY 2020
proposed funding level of $696 million. EERE funding would decline by 86 percent under
the administration’s proposal, from nearly $2.4 billion in FY 2019 to just $343 million in
FY 2020.
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Box 4: Pollution Control

Federal investments in pollution-control technologies provide an example of the
multiple benefits of energy RD&D. Prior to DOE’s coal RD&D programs, flue gas
desulfurization (FGD) systems (a.k.a. “scrubbers”) were costly to build and
maintain, incurred substantial energy costs to run, and produced a sludge waste
that required considerable land use for proper disposal. Advancements in
pollution control helped drive capital and operating costs down by nearly 50
percent, kept energy costs low, and turned the waste from FGD scrubbers into
valuable byproducts such as wallboard-grade gypsum.#® DOE investments in FGD
scrubbers resulted in over $50 billion in savings from public health benefits and
lowered FGD costs, and also helped turn America into a global leader in
environmental technologies.*” Environmental technologies and services contribute
to a trade surplus, yielding net exports of nearly $27 billion annually.*®

Although the administration’s policy often favors fossil energy, it does not spare FE, which
would receive a 24 percent cut to its RD&D programs. These cuts are distributed
unevenly. The largest would hit pollution-control programs, including carbon capture,
utilization, and storage technologies (65 percent), and technologies to reduce methane
emissions from natural gas systems (targeted for elimination). The proposal continues the
administration’s efforts to revitalize the coal sector, increasing R&D spending aimed at
improving the thermal efficiency of existing coal power plants and the design of new “high-

efficiency and low-emission” coal-fired power plants.

Notwithstanding recent Congressional efforts to jumpstart RD&D in advanced nuclear
technologies, NE would be cut by 38 percent. The proposed cut comes just weeks before
the reintroduction of the Nuclear Energy Leadership Act, a bipartisan bill that would
refocus DOE RD&D on advanced non-light-water reactor technologies, which have the

potential to play a significant role in a future low-carbon electricity system.”

OE and CESER are the only winners in the administration’s budget request. OE’s RD&D
programs would receive an 18 percent boost overall, with most of that increase going to its
transmission reliability and resilience program. CESER would get a 30 percent boost, with
most of the increase going to non-RD&D programs aimed at securing energy
infrastructure and providing emergency response.

Within SC, BES would incur a 14 percent cut, while fusion would be cut by 29 percent.
BER, which houses the bioenergy research centers, would face a 30 percent cut.

For the full breakdown by RD&D programs, see table 1 in the appendix.

THE ENERGY AND CLIMATE BENEFITS OF DOE’S RD&D PORTFOLIO

What are the prospective benefits of DOE’s energy RD&D portfolio, and what is at risk if
funding is cut per the Trump administration’s budget request? These are key questions
lawmakers must grapple with as they consider how to allocate funding in the coming years.
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For each of its applied energy programs, DOE sets technology cost and performance targets
based on the RD&D activities possible at a given budget level. As part of its goal-setting

process, DOE, along with laboratory experts, assesses the ability of its program activities to
improve a technology’s characteristics (e.g., capital cost) and move it closer to
commercialization. In conducting this analysis, DOE assumes funding levels will remain

constant over time.

Box 5: Advances in Diesel Engines

DOE established the Combustion Research Facility in 1981 and the Advanced
Combustion Engine R&D program in 1986 to improve U.S. energy efficiency,
reduce energy costs to consumers and businesses, and decrease the United
States’ dependence on foreign oil. These initiatives brought together researchers
at national labs, universities, and private companies such as General Motors,
Ford, Cummins, Caterpillar, and General Electric. Between 1986 and 2007,
public RD&D investments in these two programs totaled $931 million, while
improved fuel economy resulting from these programs saved the U.S. trucking
industry 17.6 billion gallons of diesel fuel, which translated into $34.5 billion in
reduced fuel expenditures and $35.7 billion in health and environmental benefits
from lower pollution. In other words, an investment of $931 million, over a period
of 21 years, resulted in benefits of more than $70 billion, a return on investment
of more than 70 to 1.%°

Perhaps the best-known target was set by DOE’s SunShot Initiative. which seeks to reduce
the average nationwide unsubsidized cost of electricity from utility-scale solar PV to $30
per megawatt-hour (MWh) by 2030.>' That would be below the levelized cost of electricity
from a natural gas combined-cycle power plant, which was $42-78/MWh in the United
States in 2017.7* Achieving these price reductions could result in solar energy meeting 14
percent of U.S. electricity needs by 2030 (up from less than 2 percent in 2017), support
290,000 new solar jobs, and translate into $30 billion in annual energy cost savings

by 2030.”

Other notable DOE technology targets include:*

Reducing the average energy use per square foot of commercial and residential
buildings, saving consumers up to $100 billion annually in energy costs, and

cutting carbon emissions by 450 million metric tons;”

Reducing the cost of batteries for electric vehicles (EV) to $80/kWh, bringing the
total cost of ownership in-line with that of conventional cars and trucks;*

Lowering the cost of grid-scale energy storage technologies to $100/kWh, enabling

greater penetration of renewable technologies such as solar PV and wind power;”

Reducing the cost of carbon capture to under $30 per metric ton, which could
result in up to 30 gigawatts of carbon capture technologies and more than 150
million metric tons of CO; sequestered by 2030;®
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Reducing fugitive emissions from natural gas systems by 40 to 45 percent, which
would improve public safety, reduce greenhouse gas emissions, and ensure more
natural gas makes its way from the producer to the end customer.”

If DOE could achieve all of its targets, the nation would gain significant benefits, including
lower consumer energy bills and better health and environmental outcomes. DOE’s 2017
Quadrennial Energy Review projected the potential benefits of its RD&D investments

acCross ﬁV€ scenarios:GO

“Constant RD&D funding” based on the technology improvements DOE can
achieve with constant funding;

“Double RD&D funding” that leads to significantly more rapid innovation;
“Carbon price” with no DOE RD&D spending, starting at $10 per metric ton of
CO; and increasing at 5 percent annually; and

Both RD&D scenarios in combination with a carbon price.

Figure 8: DOE’s Energy RD&D Program Impacts on Emissions and Energy Bills

Impact of DOE's Energy RD&D Goals in 2040
(relative to a business-as-usual scenario)

Carbon Dioxide Emissions Residential Energy Bills
10% 7%
0% RD&D onlv carbon price RD&D only - carbon price
-10%
_12% -11%
-20%
-20%
-30% -25%
-30% -30% -30%
0% -34%
_50% -45%
B RD&D, constant funding RD&D, double funding
m Carbon Price only Constant RD&D + carbon price

Double RD&D + carbon price

As Figure 8 shows, sustaining DOFE’s energy RD&D programs at current budget levels
through 2040 would reduce carbon dioxide emissions by roughly the same amount (12
percent) as imposing a modest but rising carbon price—but it would also cut residential
energy bills by 25 percent. Doubling funding for energy RD&D, which would allow for
more ambitious technology targets, would reduce CO, emissions by 30 percent and energy
bills by 34 percent. A carbon price, combined with energy RD&D, drives greater emissions
reductions than either approach does on its own. The most aggressive scenario
considered—doubling the energy RD&D budget and adding a carbon price—would cut

carbon emissions by 45 percent. Yet, it is worth bearing in mind that, even under this
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scenario, the United States would still need to cut emissions by another 35 percent between
2040 and 2050 in order to hit the 80 percent target set by the Paris climate accords.

Box 6: Buildings and Appliances

Investments in DOE’s Building Technologies Office (BTO) between 2010 and
2015 culminated in the successful commercialization of 27 products across a
range of energy-related technologies, including energy-efficient water heaters,
solid-state lighting, and energy-saving windows. For example, the advanced dual
evaporator technologies for refrigerators—which performs up to 50 percent better
than conventional single-cycle refrigeration systems—was developed with
assistance from BTO and successfully commercialized by Whirlpool Corporation in
2013.% A retrospective assessment of BTO investments between 1976 and 2015
across three technology areas—heating, ventilation, and air conditioning (HVAC);
water heating; and appliances—found that BTO investments have yielded between
$6 billion and $22 billion in economic benefits, with a benefit-to-cost ratio of
between 20 to 1 and 66 to 1.6?

Because of its ability both to reduce carbon emissions and lower energy bills, expanding
public investment in RD&D may be more palatable than carbon pricing to policymakers
as they consider policy options to address climate change. But as DOE’s analysis has found,
RD&D can also “soften the blow” of carbon pricing and other regulatory options,

opening up avenues of climate policies that would otherwise be prohibitively expensive or
politically untenable.

Large majorities of voters across the political spectrum support more funding for research
into clean energy. A December 2018 poll found that 88 percent of registered voters
support funding more research into clean energy sources such as solar and wind power.*
The higher levels called for by groups such as AEIC would allow DOE to achieve its
current technology goals more quickly and enable new RD&D programs with more
aggressive goals to hasten the next phase of the fight against climate change. The drastic
cuts proposed by the Trump administration would jeopardize DOE’s ability to meet

its targets.

WHAT HAPPENS NEXT

The president’s budget request is only the first step in the appropriations process, while
Congress makes the final disposition of funds. During the last appropriations cycle, both
the House and Senate firmly rejected the proposed budget cuts, instead providing a 14
percent boost to energy RD&D in FY 2018, and a more modest 5 percent increase in
FY 2019.
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Figure 9: Energy RD&D Programs in the Appropriations Process, FY 2016-FY 20205+
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These outcomes over the last two budget cycles were enabled by the budget agreement in
February 2018 that provided a two-year abeyance of the caps imposed under sequestration.
The budget caps come back into effect for FY 2020 and FY 2021, which could set up
DOE’s programs for a sharp funding drop in FY 2020. The American Association for the
Advancement of Science believes a more likely scenario is Congress will reach an agreement
that avoids deep cuts to energy RD&D—though the prospect of future increases in energy
RD&D funding is uncertain.®

CONCLUSION

DOE’s clean energy RD&D portfolio plays an essential role in the U.S. energy innovation
ecosystem, and has the potential to accelerate the clean energy transition while also
lowering energy costs for U.S. businesses and consumers. The Trump administration’s
budget request would slash funding for these programs, slowing innovation and hampering
U.S. competitiveness at a time when a number of indicators—including rising carbon
emissions and declining clean energy patents—show the United States is significantly
underinvesting in this field. Congress should reject the Trump budget proposal, elevate
energy innovation as a national priority, and continue to expand federal funding for DOE’s

energy RD&D programs.
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Table 1: President Trump’s FY 2020 Budget Request for DOE, in Millions

FY 2018 | FY 2019 FY 2020 WH
Enacted Enacted Request Change

DOE Total Budget $34,520 $35,685 | $31,703 -11%
Defense 15,509 16,089 17,520 9%
Environmental Management 7,126 7,175 6,469 -10%
Basic Science Research 3,548 3,755 3,185 -15%
Other 769 749 387 -48%
DOE Energy RD&D Programs* 7,567 7,917 4,142 -48%
ARPA-E 353 366 -287 -178%
Electricity Delivery/CESER** 248 276 339 23%
Cybersecurity for Energy 76 90 75 -16%
Delivery Systems***
Grid Modernization R&D 125 132 156 18%
Energy Efficiency & Renewable 2,322 2,379 343 -86%
Energy*
Sustainable Transportation

Vehicle Technologies 338 344 73 -79%

Bioenergy Technologies 222 226 40 -82%

Hydrogen & Fuel Cell Tech 115 120 44 -63%
Renewable Energy

Solar Energy 242 247 67 -73%

Wind Energy 92 92 24 -74%

Water Power 105 105 45 -60%

Geothermal Technology 81 84 28 -67%
Energy Efficiency

Advanced Manufacturing 305 320 81 -75%

Building Technologies 221 226 57 -75%
Use of Prior Year Balances -353
Fossil Energy R&D 727 740 562 -24%
CCUS and Advanced Power 481 486 387 -20%
Natural Gas Technologies 50 51 11 -79%
Unconventional Oil Tech 40 46 19 -59%
Other R&D 51 51 41 -20%
Nuclear Energy* 1,205 1,326 824 -38%
Reactor Concepts RD&D 237 324 215 -33%
Nuclear Energy Enabling Tech 159 153 98 -35%
Fuel Cycle R&D 260 264 90 -66%
Other R&D 13 13 0 -100%
Science 6,260 6,585 5,546 -16%
Basic Energy Sciences 2,090 2,166 1858 -14%
Fusion Energy Sciences 532 564 403 -29%
BER Bioenergy Research 90 100 100 -

* Program office totals include some non-RD&D functions.
** OE and CESER received an additional $13 million in supplemental hurricane funding in
FY 2018, raising office totals to $261 million for FY 2018.
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*** The budget proposes moving the energy delivery system testing and analysis laboratory
within CEDS into the Infrastructure Security and Energy Restoration office. The remainder of

cybersecurity research in CEDS would continue at FY 2019 levels.

Table 2: DOE’s Technology Cost and Performance Targets®®

Office Program Performance Goal End Target FY2019 Target
EERE  Vehicles Batteries - Reduce the cost of batteries for Electric Vehicles (EVs). $100/kWh by 2028 $185/kWh
EERE  Vehicles Fuel economy - Improve Light Duty vehicle fuel economy (mpg). 48.6 mpg in 2030 42.5 mpg
EERE  Bioenergy Algae - Increase algal biomass productivity. 25 g/m®/day by 2025 15.9 g/m?/day
EERE  Bioenergy Decrease fuel selling price for the fast pyrolysis of biomass. $3/gge by 2025 $3.84/gge
EERE  H2 & Fuel Cells Improve the catalyst activity of Platinum Group Metal-free catalysts. 44 mA/lcm? by 2025 29 mA/cm?
EERE  H2 & Fuel Cells Reduce the cost of hydrogen delivery and dispensing. $5/kg by 2025 $12/kg
EERE  H2 & Fuel Cells Identify advanced water-splitting materials and associated pathways. 11 materials by 2022 5 materials
EERE  Solar CSP - Reduce the levelized cost of Concentrated Solar Power energy. $50/MWh by 2030 $80/MWh
EERE  Solar Reduce the system cost of solar + batteries w/ 4 hours of storage. $1.45Wpe $1.65/Wpg
EERE  Solar PV - Reduce nationwide average, unsubsidized cost of utility-scale solar PV.  $30/Mwh by 2030 $55/MWh
EERE ~ Wind Offshore - Reduce the cost of offshore wind energy. $93/MWh by 2030 $157/MWh
EERE  Wind Onshore - Reduce the average unsubsidized cost land-based wind energy. $31/MWh by 2030 $50/MWh
EERE  Water Dams - Reduce the cost of hydropower from non-powered dams. $75/MWh by 2030 $94/MWh
EERE  Water Marine & Hydrokinetic - Reduce the cost of energy from MHK technologies.  $270/MWh by 2030 $600/MWh
EERE  Water Streams - Reduce the cost of energy from new stream developments. $89/MWh by 2030 $112/MWh
EERE  Geothermal Reduce the cost of energy from new hydrothermal and enhanced geothermal  $60/MWh by 2030 $217/MWh
EERE  Manufacturing  Improve manufacturing energy intensity relative to 2015 baseline. 17.5% by 2022 10%

EERE  Buildings HVAC - Identify tech solutions for dehumidification with less energy use. 3 tech solns by 2021 1 tech soln
EERE  Buildings Lighting - Increase power-conversion efficiency of amber light. 30% by 2025 15%

OE Energy Storage  Energy Storage - Lower the cost of grid-scale (>1 MW) energy storage. $100/kWh by2025 $225/kWh
OE Transmission Demonstrate technologies that improve transmission system monitoring. - -

OE Distribution Develop integrated distribution control architectures to improve resilience. -- --

OE Transformer Develop standardized transformers with improved resilience and flexibility. - -

CESER  Cybersecurity Develop new protective measures to reduce risks from cyber incidents. - --

RES Natural Gas Reduce fugitive methane emissions from natural gas infrastructure. 50% red by 2022 5%

FE Qil Improve unconventional oil resource recovery. 12% by 2022 11%

[FlZ Coal Reduce the cost of carbon capture for new and existing coal power plants. $30/t CO, by 2030 -

FE Coal Improve the efficiency (heat rate) of existing coal power plants. 32.5% by 2022 31%

[FIZ Coal Increase the efficiency (heat rate) of new coal power plants. 40% by 2023 38%
INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | APRIL 2019 PAGE 18



ENDNOTES

10.

11.

12.

The federal budget does not provide a definition or establish a separate category for demonstration; it is
encompassed within the definition of “development.” However, many energy technologies must be
demonstrated at full scale after they have been developed to the point of practical use at bench or pilot
scale and before they can be widely deployed and integrated into the energy system. In this report,
therefore, we use the term “RD&D” when referring to the overall federal energy innovation investment,
but the term “R&D” when discussing specific appropriations that fall within the official budgetary
definition of R&D, or when using data from particular statistical sources, such as Science and Engineering
Indicators.

Department of Energy (DOE), “DOE FY 2020 Congressional Budget Request: Budget in Brief” (DOE
Chief Financial Officer DOE/CF-0156, March 2019),
https:/fwww.energy.gov/sites/prod/files/2019/03/£60/doe-fy2020-budget-in-brief_0.pdf.

Robert D. Atkinson, “An Innovation-Based Clean Energy Agenda for America” (Information
Technology and Innovation Foundation, 2015), https://itif.org/publications/2015/06/01/innovation-
based-clean-energy-agenda-america.

David M. Hart and Michael Kearney, “ARPA-E: Versatile Catalyst of U.S. Energy Innovation”
(Washington, D.C.: Information Technology and Innovation Foundation, 2017),
https://itif.org/publications/2017/11/15/arpa-e-versatile-catalyst-us-energy-innovation.

Colin Cunliff, “An Innovation Agenda for Deep Decarbonization: Bridging Gaps in the Federal Energy
RD&D Portfolio” (Information Technology and Innovation Foundation, 2018),
https://itif.org/publications/2018/11/28/innovation-agenda-deep-decarbonization-bridging-gaps-federal-
energy-rdd.

David M. Hart, “Across the ‘Second Valley of Death’: Designing Successful Energy Demonstration
Projects” (Washington, D.C.: Information Technology and Innovation Foundation, 2017),
http://www2.itif.org/2017-second-valley-of-death. pdf.

Matt Hourihan, “If Government Scales Back Technology Research, Should We Expect Industry to Step
In?” (Washington, D.C.: American Associations for the Advancement of Science, October 2017),
https://www.aaas.org/news/new-brief-could-industry-fill-gaps-following-federal-rd-cuts; Atlantic
Council.

Industrial Research Institute, “2016 Global R&D Funding Forecast,” (2016), p 20,
https://www.iriweb.org/sites/default/files/2016GlobalR%26DFundingForecast_2.pdf; National Science
Board, “Science & Engineering Indicators 2018,” Table 4-10,
https://www.nsf.gov/statistics/2018/nsb20181/data/tables. The pharmaceutical industry leads the way in
this category, spending 17.9 percent of its revenue on R&D.

Ben Gaddy, Varun Sivaram, and Francis O’Sullivan, “Venture Capital and Cleantech: The Wrong
Model for Clean Energy Innovation” (MIT Energy Initiative, July 2016), https://energy.mit.edu/wp-
content/uploads/2016/07/MITEI-WP-2016-06.pdf; Devashree Saha and Mark Muro, “Cleantech
Venture Capital: Continued Declines and Narrow Geography Limit Prospects” (Brookings Institute,
May 2017), https://www.brookings.edu/research/cleantech-venture-capital-continued-declines-and-
narrow-geography-limit-prospects/.

American Energy Innovation Council, “Energy Innovation: Fueling America’s Economic Engine,” p 10,

http://americanenergyinnovation.org/wp-content/uploads/2018/11/Energy-Innovation-Fueling-
Americas-Economic-Engine.pdf.

IHS Markit and Energy Futures Initiative, Advancing the Landscape of Clean Energy Innovation
(Breakthrough Energy, February 2019) p 61, http://www.b-t.energy/wp-
content/uploads/2019/02/Report_-Advancing-the-Landscape-of-Clean-Energy-Innovation_2019.pdf.

David M. Hart and Michael Kearney, “ARPA-E: Versatile Catalyst of U.S. Energy Innovation”
(Washington, D.C.: Information Technology and Innovation Foundation, 2017); Varun Sivaram et al.,

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | APRIL 2019 PAGE 19


https://www.energy.gov/sites/prod/files/2019/03/f60/doe-fy2020-budget-in-brief_0.pdf
https://itif.org/publications/2015/06/01/innovation-based-clean-energy-agenda-america
https://itif.org/publications/2015/06/01/innovation-based-clean-energy-agenda-america
https://itif.org/publications/2017/11/15/arpa-e-versatile-catalyst-us-energy-innovation
https://itif.org/publications/2018/11/28/innovation-agenda-deep-decarbonization-bridging-gaps-federal-energy-rdd
https://itif.org/publications/2018/11/28/innovation-agenda-deep-decarbonization-bridging-gaps-federal-energy-rdd
http://www2.itif.org/2017-second-valley-of-death.pdf
https://www.aaas.org/news/new-brief-could-industry-fill-gaps-following-federal-rd-cuts
https://www.iriweb.org/sites/default/files/2016GlobalR%26DFundingForecast_2.pdf
https://energy.mit.edu/wp-content/uploads/2016/07/MITEI-WP-2016-06.pdf
https://energy.mit.edu/wp-content/uploads/2016/07/MITEI-WP-2016-06.pdf
https://www.brookings.edu/research/cleantech-venture-capital-continued-declines-and-narrow-geography-limit-prospects/
https://www.brookings.edu/research/cleantech-venture-capital-continued-declines-and-narrow-geography-limit-prospects/
http://americanenergyinnovation.org/wp-content/uploads/2018/11/Energy-Innovation-Fueling-Americas-Economic-Engine.pdf
http://americanenergyinnovation.org/wp-content/uploads/2018/11/Energy-Innovation-Fueling-Americas-Economic-Engine.pdf
http://www.b-t.energy/wp-content/uploads/2019/02/Report_-Advancing-the-Landscape-of-Clean-Energy-Innovation_2019.pdf
http://www.b-t.energy/wp-content/uploads/2019/02/Report_-Advancing-the-Landscape-of-Clean-Energy-Innovation_2019.pdf

13.

14.

15.

16.

17.

18.

19.

20.

21.

“Energy Innovation Policy: Priorities for the Trump Administration and Congress” (Washington, D.C.:
Information Technology and Innovation Foundation, December 2016); See also Matt Hourihan, “If
Government Scales Back Technology Research, Should We Expect Industry to Step In?” (Washington,
D.C.: American Association for the Advancement of Science, October 2017),
https://www.aaas.org/news/new-brief-could-industry-fill-gaps-following-federal-rd-cuts; See also Sabrina
T. Howell, “Financing Innovation: Evidence from R&D Grants,” American Economic Review,

107:1136-1164 (2017).

ITIF modification from Steven T. McMaster, “Office of Technology Transitions, U.S. Department of
Energy” (presentation, U.S. Department of Energy, Washington, D.C., August 13, 2015),
http://slideplayer.com/slide/6985496/.

Alex Trembath et al., “Where the Shale Gas Revolution Came From” (Breakthrough Institute, May
2012), hteps://s3.us-east-

2.amazonaws.com/uploads.thebreakthrough.org/legacy/blog/ Where_the_Shale_Gas_Revolution_Came_
From.pdf.

Jack Perrin and Emily Geary, “EIA Adds New Play Production Data to Shale Gas and Tight Oil
Reports,” Today in Energy (Energy Information Administration, February 15, 2019),
https:/fwww.eia.gov/todayinenergy/detail. php?id=38372.

Defense includes the National Nuclear Security Administration and Other Defense Activities accounts.
Environmental Management includes Defense Environmental Cleanup, Non-Defense Environmental
Cleanup, and Uranium Enrichment Decontamination and Decommissioning Fund. Basic Science
Research includes the Office of Science (SC) minus Basic Energy Sciences (BES), Fusion Energy Sciences
(FES), and a portion of Biological and Environmental Research (BER) that supports the bioenergy
research centers. Energy RD&D funding is estimated as the sum of following: EERE R&D programs
plus all NREL funding and a proportional amount of Program Direction; OE and CESER R&D
programs plus a proportional amount of Program Direction; NE less safeguards and security; FE; ARPA-
E; SC-BES; SC-FES, and portion of BER that supports the bioenergy research centers.

National Academy of Sciences, Engineering, and Medicine (NASEM), Rising Above the Gathering Storm:
Energizing and Employing America for a Brighter Economic Future (Washington, D.C.: The National
Academies Press, 2007), https://doi.org/10.17226/11463.

America Creating Opportunities to Meaningfully Promote Excellence in Technology, Education, and
Science (COMPETES) Act, H.R. 2272, 110th Cong. (2007); America COMPETES Reauthorization
Act of 2010, H.R.5116, 111th Cong. (2010); Mission Innovation, “United States,” accessed March 29,
2019, http://mission-innovation.net/our-members/united-states/.

ITIF adaptation of the public DOE budget authority database assembled by K.S. Gallagher and L.D.
Anadon, “DOE Budget Authority for Energy Research, Development, and Demonstration Database”
(The Fletcher School, Tufts University; Department of Land Economy, University of Cambridge; and
Belfer Center for Science and International Affairs, Harvard Kennedy School, March 22, 2018),
https://www.belfercenter.org/publication/database-us-department-energy-doe-budgets-energy-research-
development-demonstration-0. The 2009 American Reinvestment and Recovery Act (ARRA) provided a
one-time boost in energy RD&D outside regular appropriations, primarily to clean energy demonstration
and deployment programs.

This figure refers to budget authority by program office. “Energy programs” here is the combined budget
authority of EERE, FE, NE, OE, CESER, ARPA-E, SC-BES, and SC-FES. Some of these programs
include non-R&D related functions. Figure 2, in contrast, estimates the R&D funding in these
programs. Thus the figure 2 numbers are lower than the total programmatic funding levels.

Mark A. McCall, “Mesquite Solar Highlights How DOE Loan Guarantees Helped Launch the Utility-
Scale PV Solar Market” (Department of Energy, October 14, 2016), accessed March 14, 2019,
https://www.energy.gov/lpo/articles/mesquite-solar-highlights-how-doe-loan-guarantees-helped-launch-
utility-scale-pv-solar.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | APRIL 2019 PAGE 20


https://www.aaas.org/news/new-brief-could-industry-fill-gaps-following-federal-rd-cuts
https://s3.us-east-2.amazonaws.com/uploads.thebreakthrough.org/legacy/blog/Where_the_Shale_Gas_Revolution_Came_From.pdf
https://s3.us-east-2.amazonaws.com/uploads.thebreakthrough.org/legacy/blog/Where_the_Shale_Gas_Revolution_Came_From.pdf
https://s3.us-east-2.amazonaws.com/uploads.thebreakthrough.org/legacy/blog/Where_the_Shale_Gas_Revolution_Came_From.pdf
https://www.eia.gov/todayinenergy/detail.php?id=38372
https://doi.org/10.17226/11463
http://mission-innovation.net/our-members/united-states/
https://www.belfercenter.org/publication/database-us-department-energy-doe-budgets-energy-research-development-demonstration-0
https://www.belfercenter.org/publication/database-us-department-energy-doe-budgets-energy-research-development-demonstration-0
https://www.energy.gov/lpo/articles/mesquite-solar-highlights-how-doe-loan-guarantees-helped-launch-utility-scale-pv-solar
https://www.energy.gov/lpo/articles/mesquite-solar-highlights-how-doe-loan-guarantees-helped-launch-utility-scale-pv-solar

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

For an accessible summary of the drivers of solar PV cost reductions, see David Roberts, “What Made
Solar Panels So Cheap? Thank Government Policy” (Vox, December 28, 2018), accessed March 14,
2019, heeps://www.vox.com/energy-and-environment/2018/11/20/18104206/solar-panels-cost-cheap-
mit-clean-energy-policy; See also Varun Sivaram, Taming the Sun: Innovations to Harness Solar Energy and
Power the Planet (MIT Press and Council on Foreign Relations, 2018).

OMB, “Memorandum for the Heads of Executive Departments and Agencies” (Washington, D.C.:
OMB, August 2017), M-17-30,
https://www.whitehouse.gov/sites/whitehouse.gov/files/omb/memoranda/2017/m-17-30.pdf

Michael Gallaher et al., Benefit-Cost Evaluation of U.S. Department of Energy Investment in HVAC, Water
Heating, and Appliance Technologies (RT1 International, September 2017), ES-2,
https://www.energy.gov/sites/prod/files/2017/09/£36/DOE-EERE-BTO-
HVAC_Water%20Heating_Appliances%202017%20Impact%20Evaluation%20Final.pdf.

Matt Hourihan, “If Government Scales Back Technology Research, Should We Expect Industry to Step
In?” (Washington, D.C.: American Association for the Advancement of Science, October 2017),
https://www.aaas.org/news/new-brief-could-industry-fill-gaps-following-federal-rd-cuts,

https://www.atlanticcouncil.org/images/publications/Keeping_Americas_Innovative_Edge_web_0404.pd
f

Elizabeth Noll, “No Dodging the Energy Budget for Rick Perry This Time” (Natural Resources Defense
Council, 2018), https://www.nrdc.org/experts/elizabeth-noll/no-dodging-energy-budget-rick-perry-time.

Natural gas met 78 percent of new electricity generation for the first 10 months of 2018, with wind and
solar accounting for only 10 percent and 8 percent, respectively. Source: Rhodium Group. See also
University of Texas at Austin Energy Institute, “The Full Cost of Electricity,” which finds that solar PV
(with the investment tax credit) is the lowest source of electricity in X percent of U.S. counties,
http://calculators.energy.utexas.edu/lcoe_map/#/county/tech.

Hart, “Across the ‘Second Valley of Death’: Designing Successful Energy Demonstration Projects.”

Peter Folger, “The FutureGen Carbon Capture and Sequestration Project: A Brief History and Issues for
Congress,” R43028 (Congressional Research Service, February 10, 2014),
https://fas.org/sgp/crs/misc/R43028.pdf.

Russ Vought, “Congress Must Join the President in Cutting Spending” (Real Clear Politics, February 25,
2019),
https://www.realclearpolitics.com/articles/2019/02/25/congress_must_join_the_president_in_cutting_sp
ending 139568.html.

Intergovernmental Panel on Climate Change (IPCC), “Summary for Policymakers,” Global Warming of
1.5 C. An IPCC Special Report on the Impacts of Global Warming of 1.5 ° C Above Pre-industrial Levels and
Related Global Greenhouse Gas Emission Pathways, in the Context of Strengthening the Global Response to the
Threat of Climate Change, Sustainable Development, and Efforts to Eradicate Poverty, IPCC, 2018),
https://report.ipcc.ch/sr15/pdf/sr15_spm_final.pdf; U.S. Global Change Research Program, Fourth
National Climate Assessment (US GCRP, 2018),
https://nca2018.globalchange.gov/downloads/NCA4_2018_FullReport.pdf.

Rhodium Group, “Preliminary U.S. Emissions Estimates for 2018” (Rhodium Group, 2019),
heeps://rhg.com/research/preliminary-us-emissions-estimates-for-2018/; Zeke Hausfather, “Analysis:
Fossil-fuel Emissions in 2018 Increasing at Fastest Rate for Seven Years” (Carbon Brief, December 5,
2018), https://www.carbonbrief.org/analysis-fossil-fuel-emissions-in-2018-increasing-at-fastest-rate-for-
seven-years.

Colin Cunliff, “Omission Innovation: The Missing Element in Most Countries’ Response to Climate
Change” (Information Technology and Innovation Foundation, December 2018),
https://itif.org/publications/2018/12/10/omission-innovation-missing-element-most-countries-response-
climate-change.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | APRIL 2019 PAGE 21


https://www.vox.com/energy-and-environment/2018/11/20/18104206/solar-panels-cost-cheap-mit-clean-energy-policy
https://www.vox.com/energy-and-environment/2018/11/20/18104206/solar-panels-cost-cheap-mit-clean-energy-policy
https://www.aaas.org/news/new-brief-could-industry-fill-gaps-following-federal-rd-cuts
https://www.atlanticcouncil.org/images/publications/Keeping_Americas_Innovative_Edge_web_0404.pdf
https://www.atlanticcouncil.org/images/publications/Keeping_Americas_Innovative_Edge_web_0404.pdf
https://www.nrdc.org/experts/elizabeth-noll/no-dodging-energy-budget-rick-perry-time
http://calculators.energy.utexas.edu/lcoe_map/#/county/tech
https://fas.org/sgp/crs/misc/R43028.pdf
https://www.realclearpolitics.com/articles/2019/02/25/congress_must_join_the_president_in_cutting_spending_139568.html
https://www.realclearpolitics.com/articles/2019/02/25/congress_must_join_the_president_in_cutting_spending_139568.html
https://report.ipcc.ch/sr15/pdf/sr15_spm_final.pdf
https://nca2018.globalchange.gov/downloads/NCA4_2018_FullReport.pdf
https://rhg.com/research/preliminary-us-emissions-estimates-for-2018/
https://www.carbonbrief.org/analysis-fossil-fuel-emissions-in-2018-increasing-at-fastest-rate-for-seven-years
https://www.carbonbrief.org/analysis-fossil-fuel-emissions-in-2018-increasing-at-fastest-rate-for-seven-years
https://itif.org/publications/2018/12/10/omission-innovation-missing-element-most-countries-response-climate-change
https://itif.org/publications/2018/12/10/omission-innovation-missing-element-most-countries-response-climate-change

34.

35.

36.

37.

38.
39.

40.

41.

42.
43.

44,

45.

46.

47.

Colin Cunliff, “An Innovation Agenda for Deep Decarbonization: Bridging Gaps in the Federal Energy
RD&D Portfolio” (Information Technology and Innovation Foundation, November 2018),
https://itif.org/publications/2018/11/28/innovation-agenda-deep-decarbonization-bridging-gaps-federal-
energy-rdd.

Devashree Saha and Mark Muro, “Patenting Invention: Clean Energy Innovation Trends and Priorities
for the Trump Administration and Congress” (Brookings, April 2017),
https://www.brookings.edu/research/patenting-invention-clean-energy-innovation-trends-and-priorities-
for-the-trump-administration-and-congress/.

International Energy Agency, “Energy RD&D Statistics Service” (accessed March 29, 2018); Simon
Bennett, “Commentary: Declining Energy Research Budgets Are a Cause for Concern” (International
Energy Agency; October 16, 2017), https://www.iea.org/newsroom/news/2017/october/commentary-
declining-energy-research-budgets-are-a-cause-for-concern.html.

American Energy Innovation Council, “Energy Innovation: Fueling America’s Economic Engine”
(Bipartisan Policy Center, 2018), http://americanenergyinnovation.org/2018/11/energy-innovation-
fueling-americas-economic-engine/.

EFI Advancing the Landscape of Clean Energy Innovation, p 44.

National Research Council, Energy Research at DOE: Was It Worth It? (The National Academies Press,
2001), 6, https://doi.org/10.17226/10165.

Jeff Dowd, “Aggregate Economic Return on Investment in the U.S. DOE Office of Energy Efficiency
and Renewable Energy” (DOE, October 2017),
https://www.energy.gov/sites/prod/files/2017/11/f46/Aggregate%20R0OI1%20impact%20for%20EERE%
20RD%20-%2010-31-17%20%28002%29%20-%2011-17%20%280ptimized%29.pdf.

ARPA-E, “ARPA-E Impact,” accessed March 19, 2019, https://arpa-e.energy.gov/?q=site-page/arpa-e-
impact; see also National Academies of Science, Engineering and Medicine (NASEM); Committee on
Evaluation of the Advanced Research Projects Agency-Energy (ARPA-E); Board on Science, Technology,
and Economic Policy, “An Assessment of ARPA-E” (Washington, D.C.: National Academies Press,
2017).

Hart, “Across the ‘Second Valley of Death’: Designing Successful Energy Demonstration Projects.”

This figure refers to budget authority by program office. Some of these programs include non-RD&D
functions, so totals here are higher than the numbers for RD&D. The FY 2020 budget for the office of
Energy Efficiency and Renewable Energy (EERE), which houses the R&D programs in energy efficiency,
renewable energy, and sustainable transportation, would use $353 million in prior year (FY 2018 and FY
2019) balances to fund FY 2020 programs. Thus the proposed funding levels for these programs
underestimate the magnitude of cuts included in the budget request.

U.S. Government Accountability Office (GAO), “Impoundment of the Advanced Research Projects
Agency-Energy Appropriation Resulting from Legislative Proposals in the President’s Budget Request for
Fiscal Year 2018” (GAO, December 12, 2017), https://www.gao.gov/products/B-329092.

Jackie Wong and Madhur Boloor, “DOE Stalls Clean Energy R&D: Risking Jobs & Competitiveness”
(Natural Resources Defense Council, December 10, 2018), https://www.nrdc.org/experts/jackie-
wong/doe-stalls-clean-energy-rd-risking-jobs-competitiveness.

Emanuele Massetti et al., “Environmental Quality and the U.S. Power Sector: Air Quality, Water
Quality, Land Use, and Environmental Justice” (Oak Ridge National Laboratory, January 2017), p 26,
https://www.energy.gov/sites/prod/files/2017/01/f34/Environment%20Baseline%20Vol.%202--
Environmental%20Quality%20and%20the%20U.S.%20Power%20Sector--
Air%20Quality%2C%20Water%20Quality%2C%20Land%20Use%2C%20and%20Environmental %2
OJustice.pdf.

R.H. Bezdek and R.M. Wendling, “The return on investment of the clean coal technology program in
the USA,” Energy Policy 54 (2013) 104-112. http://dx.doi.org/10.1016/j.enpol.2012.10.076;

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | APRIL 2019 PAGE 22


https://itif.org/publications/2018/11/28/innovation-agenda-deep-decarbonization-bridging-gaps-federal-energy-rdd
https://itif.org/publications/2018/11/28/innovation-agenda-deep-decarbonization-bridging-gaps-federal-energy-rdd
https://www.brookings.edu/research/patenting-invention-clean-energy-innovation-trends-and-priorities-for-the-trump-administration-and-congress/
https://www.brookings.edu/research/patenting-invention-clean-energy-innovation-trends-and-priorities-for-the-trump-administration-and-congress/
https://www.iea.org/newsroom/news/2017/october/commentary-declining-energy-research-budgets-are-a-cause-for-concern.html
https://www.iea.org/newsroom/news/2017/october/commentary-declining-energy-research-budgets-are-a-cause-for-concern.html
http://americanenergyinnovation.org/2018/11/energy-innovation-fueling-americas-economic-engine/
http://americanenergyinnovation.org/2018/11/energy-innovation-fueling-americas-economic-engine/
https://doi.org/10.17226/10165
https://www.energy.gov/sites/prod/files/2017/11/f46/Aggregate%20ROI%20impact%20for%20EERE%20RD%20-%2010-31-17%20%28002%29%20-%2011-17%20%28optimized%29.pdf
https://www.energy.gov/sites/prod/files/2017/11/f46/Aggregate%20ROI%20impact%20for%20EERE%20RD%20-%2010-31-17%20%28002%29%20-%2011-17%20%28optimized%29.pdf
https://arpa-e.energy.gov/?q=site-page/arpa-e-impact
https://arpa-e.energy.gov/?q=site-page/arpa-e-impact
https://www.gao.gov/products/B-329092
https://www.nrdc.org/experts/jackie-wong/doe-stalls-clean-energy-rd-risking-jobs-competitiveness
https://www.nrdc.org/experts/jackie-wong/doe-stalls-clean-energy-rd-risking-jobs-competitiveness
https://www.energy.gov/sites/prod/files/2017/01/f34/Environment%20Baseline%20Vol.%202--Environmental%20Quality%20and%20the%20U.S.%20Power%20Sector--Air%20Quality%2C%20Water%20Quality%2C%20Land%20Use%2C%20and%20Environmental%20Justice.pdf
https://www.energy.gov/sites/prod/files/2017/01/f34/Environment%20Baseline%20Vol.%202--Environmental%20Quality%20and%20the%20U.S.%20Power%20Sector--Air%20Quality%2C%20Water%20Quality%2C%20Land%20Use%2C%20and%20Environmental%20Justice.pdf
https://www.energy.gov/sites/prod/files/2017/01/f34/Environment%20Baseline%20Vol.%202--Environmental%20Quality%20and%20the%20U.S.%20Power%20Sector--Air%20Quality%2C%20Water%20Quality%2C%20Land%20Use%2C%20and%20Environmental%20Justice.pdf
https://www.energy.gov/sites/prod/files/2017/01/f34/Environment%20Baseline%20Vol.%202--Environmental%20Quality%20and%20the%20U.S.%20Power%20Sector--Air%20Quality%2C%20Water%20Quality%2C%20Land%20Use%2C%20and%20Environmental%20Justice.pdf
http://dx.doi.org/10.1016/j.enpol.2012.10.076

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

60.

Department of Energy, “Clean Coal Technology: From Research to Reality,” accessed March 10, 2019,
http://energy.gov/fe/downloads/clean-coal-technology-research-reality.

International Trade Administration, “2017 Top Markets Report: Environmental Technologies”
(Department of Commerce International Trade Administration, June 2017), p 3,
https://www.trade.gov/topmarkets/pdf/Environmental_Technologies_Top_Markets_Report2017.pdf.

U.S. Senate Committee on Energy and Natural Resources, “Murkowski, Booker, and 13 Colleagues
Reintroduce the Nuclear Energy Leadership Act” (SENR, March 27, 2019)
https://www.energy.senate.gov/public/index.cfm/2019/3/murkowski-booker-and-13-colleagues-
reintroduce, accessed April 2, 2019.

Jeffrey Rissman and Hallie Kenna, “Advanced Diesel Internal Combustion Engines” (American Energy
Innovation Council, 2013), http://americanenergyinnovation.org/2013/03/case-study-advanced-diesel-
engines/.

SunShot also set cost targets for commercial-scale solar PV ($40/MWh), residential-scale “rooftop” solar
($50/MWh), and concentrating solar power (CSP) with thermal storage ($50/MWh for CSP with greater
than 12 hours of storage). Department of Energy, “New Solar Opportunities for a New Decade,”
accessed March 12, 2019, https://www.energy.gov/eere/solar/sunshot-2030.

Lazard, “Lazard’s Levelized Cost of Energy Analysis—Version 11.0,” (Lazard, November 2017),
https://www.lazard.com/perspective/levelized-cost-of-energy-2017/.

Department of Energy, SunShot Vision Study (Department of Energy, February 2012),
https://www.energy.gov/sites/prod/files/2014/01/£7/47927 .pdf.

For a complete list of technology targets, see U.S. Department of Energy (DOE), “Fiscal Year 2017
Annual Performance Report/Fiscal Year 2019 Annual Performance Plan” (DOE Chief Financial Officer)
DOE/CF-0147, https://www.energy.gov/cfo/downloads/fy-2017-doe-annual-performance-report-fy-

2019-annual-performance-plan.

DOE, “Building Technologies Office FY 2017 Budget At-A-Glance” (Washington, D.C.: Department of
Energy, Energy Efficiency and Renewable Energy, March 2016),
https:/fwww.energy.gov/sites/prod/files/2016/03/f30/At_A_GLANCE%20%28BT0%29.pdf; DOE,
“Building Technologies Office Multi-Year Program Plan: Fiscal Years 2016-2020” (Washington, D.C.:
DOE/EERE, February 2016),
https://www.energy.gov/sites/prod/files/2016/02/£29/BTO%20MultiYear%20Program%20Plan%20-
9%20Final.pdf.

Department of Energy, “Batteries, Charging, and Electric Vehicles,”
https://www.energy.gov/eere/vehicles/batteries-charging-and-electric-vehicles.

DOE, “Fiscal Year 2017 Annual Performance Report / Fiscal Year 2019 Annual Performance Plan” 96.

Department of Energy, “Carbon Capture, Utilization, and Storage: Climate Change, Economic
Competitiveness, and Energy Security” (DOE Office of Energy Policy and Systems Analysis, August
2016), https://www.energy.gov/sites/prod/files/2016/09/£33/DOE%20-
%20Carbon%20Capture%20Utilization%20and%20Storage_2016-09-07.pdf. Numbers quoted here
are from the “45Q+R&D” scenario.

National Energy Technology Laboratory, “Methane Emissions Quantification and Mitigation Research
Program” (DOE NETL, October 2016), https://www.netl.doe.gov/sites/default/files/2018-04/Program-
131.pdf.

Department of Energy, Quadrennial Energy Review: Transforming the Nation's Electricity System (DOE,
January 2017), pp 3-42 through 3-50,
https://www.energy.gov/sites/prod/files/2017/02/f34/Quadrennial %20Energy%20Review--
Second%20Installment%20%28Full%20Report%29.pdf; Department of Energy, “Energy CO:
Emissions Impacts of Clean Energy Technology and Innovation Policy” (DOE Office of Energy Policy
and Systems Analysis, January 2017),

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | APRIL 2019 PAGE 23


http://energy.gov/fe/downloads/clean-coal-technology-research-reality
https://www.trade.gov/topmarkets/pdf/Environmental_Technologies_Top_Markets_Report2017.pdf
https://www.energy.senate.gov/public/index.cfm/2019/3/murkowski-booker-and-13-colleagues-reintroduce
https://www.energy.senate.gov/public/index.cfm/2019/3/murkowski-booker-and-13-colleagues-reintroduce
http://americanenergyinnovation.org/2013/03/case-study-advanced-diesel-engines/
http://americanenergyinnovation.org/2013/03/case-study-advanced-diesel-engines/
https://www.energy.gov/eere/solar/sunshot-2030
https://www.lazard.com/perspective/levelized-cost-of-energy-2017/
https://www.energy.gov/sites/prod/files/2014/01/f7/47927.pdf
https://www.energy.gov/cfo/downloads/fy-2017-doe-annual-performance-report-fy-2019-annual-performance-plan
https://www.energy.gov/cfo/downloads/fy-2017-doe-annual-performance-report-fy-2019-annual-performance-plan
https://www.energy.gov/sites/prod/files/2016/03/f30/At_A_GLANCE%20%28BTO%29.pdf
https://www.energy.gov/sites/prod/files/2016/02/f29/BTO%20MultiYear%20Program%20Plan%20-%20Final.pdf
https://www.energy.gov/sites/prod/files/2016/02/f29/BTO%20MultiYear%20Program%20Plan%20-%20Final.pdf
https://www.energy.gov/eere/vehicles/batteries-charging-and-electric-vehicles
https://www.energy.gov/sites/prod/files/2016/09/f33/DOE%20-%20Carbon%20Capture%20Utilization%20and%20Storage_2016-09-07.pdf
https://www.energy.gov/sites/prod/files/2016/09/f33/DOE%20-%20Carbon%20Capture%20Utilization%20and%20Storage_2016-09-07.pdf
https://www.netl.doe.gov/sites/default/files/2018-04/Program-131.pdf
https://www.netl.doe.gov/sites/default/files/2018-04/Program-131.pdf
https://www.energy.gov/sites/prod/files/2017/02/f34/Quadrennial%20Energy%20Review--Second%20Installment%20%28Full%20Report%29.pdf
https://www.energy.gov/sites/prod/files/2017/02/f34/Quadrennial%20Energy%20Review--Second%20Installment%20%28Full%20Report%29.pdf

61.

62.

63.

64.

65.

66.

https://www.energy.gov/sites/prod/files/2017/01/f34/Energy%20CO2%20Emissions%20Impacts%200f
%20Clean%20Energy%?20Technology%20Innovation%20and%20Policy.pdf.

Building Technologies Office, “R&D to Market Success: BTO-Supported Technologies Commercialized
from 2010-2015” (DOE Office of Energy Efficiency and Renewable Energy, April 2017),
https://www.energy.gov/sites/prod/files/2017/06/£34/BTO_Commercial_Technology_Report_April%20
2017.pdf.

Michael Gallaher et al., Benefit-Cost Evaluation of U.S. Department of Energy Investment in HVAC, Water
Heating, and Appliance Technologies (RT1 International, September 2017).

Anthony Leiserowitz et al., “Politics & Global Warming, December 2018” (Yale University and George
Mason University, Yale Program on Climate Change Communication, 2019),
http://www.climatechangecommunication.org/wp-content/uploads/2019/02/Global-Warming-Policy-
Politics-December-2018.pdf.

Program office totals include some non-RD&D functions. Actual RD&D spending is lower than these
levels suggest.

Matt Hourihan and David Parkes, “Congress Budget Deal Would Raise Spending Caps” (Washington,
D.C.: American Association for the Advancement of Science, February 8, 2018),
https://www.aaas.org/news/congress-budget-deal-would-raise-spending-caps.

Department of Energy, “Fiscal Year 2017 Annual Performance Report/Fiscal Year 2019 Annual
Performance Plan” (DOE Chief Financial Officer, DOE/CF-0147),
https:/fwww.energy.gov/sites/prod/files/2018/11/£57/fy-2017-doe-annual-performance-report-fy-2019-
annual-performance-plan.pdf.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | APRIL 2019 PAGE 24


https://www.energy.gov/sites/prod/files/2017/01/f34/Energy%20CO2%20Emissions%20Impacts%20of%20Clean%20Energy%20Technology%20Innovation%20and%20Policy.pdf
https://www.energy.gov/sites/prod/files/2017/01/f34/Energy%20CO2%20Emissions%20Impacts%20of%20Clean%20Energy%20Technology%20Innovation%20and%20Policy.pdf
https://www.energy.gov/sites/prod/files/2017/06/f34/BTO_Commercial_Technology_Report_April%202017.pdf
https://www.energy.gov/sites/prod/files/2017/06/f34/BTO_Commercial_Technology_Report_April%202017.pdf
http://www.climatechangecommunication.org/wp-content/uploads/2019/02/Global-Warming-Policy-Politics-December-2018.pdf
http://www.climatechangecommunication.org/wp-content/uploads/2019/02/Global-Warming-Policy-Politics-December-2018.pdf
https://www.energy.gov/sites/prod/files/2018/11/f57/fy-2017-doe-annual-performance-report-fy-2019-annual-performance-plan.pdf
https://www.energy.gov/sites/prod/files/2018/11/f57/fy-2017-doe-annual-performance-report-fy-2019-annual-performance-plan.pdf

ACKNOWLEDGMENTS

The author wishes to thank the David M. Hart and Rob Atkinson for providing
input to this report. Any errors or omissions are the author’s alone.

ABOUT THE AUTHOR

Colin Cunliff is a senior policy analyst in clean energy innovation with the
Information Technology and Innovation Foundation. He previously worked at the
U.S. Department of Energy (DOE) Office of Energy Policy and Systems Analysis
(EPSA), with a portfolio focused on energy sector resilience and emissions
mitigation. Prior to that, he was the American Institute of Physics/American
Association for the Advancement of Science (AIP/AAAS) Congressional Fellow in
the office of Senator Dianne Feinstein. He holds a Ph.D. in physics from the
University of California, Davis.

ABOUT ITIF

The Information Technology and Innovation Foundation (ITIF) is a nonprofit,
nonpartisan research and educational institute focusing on the intersection of
technological innovation and public policy. Recognized as the world’s leading
science and technology think tank, ITIF's mission is to formulate and promote
policy solutions that accelerate innovation and boost productivity to spur
growth, opportunity, and progress.

FOR MORE INFORMATION, VISIT US AT WWW.ITIF.ORG.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | APRIL 2019 PAGE 25



	The Key Role of the Federal Government in the U.S. Energy Innovation System
	Box 1: The Shale-Gas Revolution

	Energy RD&D: Still a Junior Partner at DOE
	Energy RD&D in the trump Budget: Historic Cuts Based on Faulty Premises
	Box 2: Dramatic Cost Reductions for Solar Photovoltaics
	Box 3: FutureGen and Carbon Capture and Sequestration Demonstrations

	Underinvesting in Energy RD&D
	DOE’s Energy RD&D Portfolio: What’s at Stake
	Box 4: Pollution Control

	The Energy and Climate Benefits of DOE’s RD&D Portfolio
	Box 5: Advances in Diesel Engines
	Box 6: Buildings and Appliances

	What Happens Next
	Conclusion
	Appendix A: President Trump’s FY 2020 Budget Request for DOE
	Endnotes
	Acknowledgments
	About The Author
	About ITIF

