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Executive Summary
The climate crisis requires bold, comprehensive, and immediate action at every
level of government around the world. In the United States, any comprehensive
climate plan must include policies to revamp and expand clean energy innovation
programs. As the nation’s largest public funder of clean energy research,
development, and demonstration, the U.S. Department of Energy (DOE) will be
a critical player in such a plan. DOE takes its long-term direction and authority
from Congress in the form of periodic authorization legislation. Unfortunately,
DOE's clean energy innovation programs are relying on a congressional mandate
that has not been comprehensively updated since 2005 and does not reflect the
urgency of the climate crisis or the full array of technologies and innovation
strategies available.
Congress urgently needs to update DOE’s authorizing
legislation to target federal resources to address climate
change, as well as ensure that the United States is a
global leader in renewable energy, energy efficiency, clean
industry and manufacturing, transportation, and grid
modernization. Doing so will not only help the nation
address climate change and avoid health-damaging air
pollution, but also help create millions of well-paying
jobs—such as solar panel installers, energy efficient
appliance manufacturers, and electric vehicle factory
workers—to add to the more than 3 million existing jobs
in the clean energy economy. If DOE’s mandate is not
updated, the United States risks falling behind in the global
clean energy revolution and missing out on its enormous
economic and environmental opportunities.

DOE CANNOT ADEQUATELY ADDRESS THE CLIMATE
CRISIS WITH ITS CURRENT MANDATE

Congress provides long-term direction to DOE through
authorizing legislation. This legislation, which can come
as a singular comprehensive package or multiple laws
covering individual programs, defines the technology
areas that DOE can work on, sets its mission and goals,
enables funding for department activities, and determines
its operating structures. Authorizations also define the
strategies and tools available to DOE and can create new
programs to expand its capabilities.
DOE has a history of success in accelerating clean
energy development. For example, DOE programs have
led to breakthroughs in renewable energy technologies,
helped expand the clean energy workforce through
training curricula, and saved energy and money for
millions of Americans through appliance standards.
DOE is still capable of similar successes and should
continue to maximize clean energy development under
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existing authority, but the department will not reach
its full potential without a comprehensive rewrite of its
authorizing laws.
DOE’s clean energy programs are underfunded and
organized ineffectively to address the climate crisis. For
example, DOE’s investments in the various energy-using
sectors are not well aligned with the distribution of U.S.
greenhouse gas (GHG) emissions, nor do they adequately
address the most difficult technological challenges of
decarbonization. In particular, as of 2016, only 10 percent
of DOE’s research investments were in the building and
industrial sectors, whereas the U.S. Environmental
Protection Agency estimates that these sectors are
responsible for 34 percent of the nation’s overall GHG
emissions.
Beyond funding levels, mandates for the applied
energy offices—which include the programs that
cover transportation, industrial, and building energy
technologies—are outdated and do not align with the
most promising opportunities for and significant barriers
to addressing climate change. For example, eliminating
emissions from industrial processes and manufacturing
plants will require innovative technologies such as carbonfree fuels, improved electric heating, and carbon capture
and storage, but the Advanced Manufacturing Office, which
is responsible for most of DOE’s work in the industrial
sector, is authorized to address only energy efficiency.
Updated authorizing legislation could align the long-term
direction of the applied energy programs with the world’s
most pressing climate and energy challenges by updating
technology priorities and authorizing more funding for
DOE programs. Without a new mandate, the agency cannot
make the transformative institutional changes that are
necessary to address the climate crisis.
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CONGRESS SHOULD AMEND DOE’S AUTHORIZING LAWS
This report identifies areas in which the current DOE
authorization falls short of urgent clean energy innovation
needs, and it provides specific recommendations for
amendments. The first set of recommendations covers
department-wide gaps and falls into three categories.
n

n

Funding for DOE programs must be increased to match
the scale of the climate crisis, and the structure of
the department should be updated. Congress should,
at a minimum, double funding for DOE’s clean energy
research and development programs in the next 5
years and significantly increase demonstration and
deployment funding. At the same time, Congress
should restructure the Office of Energy Efficiency and
Renewable Energy (EERE) to expand the transportation,
building, and industrial sector efforts and elevate them
within DOE’s structure. Furthermore, DOE programs
would be more effective with requirements for longterm planning processes and establishment of an Under
Secretary for Science and Energy to integrate work
across offices. Career technologists should be at the
helm to depoliticize management of DOE programs.


Congress should align the mission and goals of DOE
with the critical challenges facing the nation’s energy
systems. Authorizing legislation should expand DOE’s
mission to include mitigating climate change and
building climate resilience. Congress should also ensure
that every applied energy office incorporates workforce
development programs and social equity considerations
into its efforts. Each office should be required to
consider how its technology solutions interact and
integrate with the electricity grid.
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n

Congress should expand DOE’s existing tools and
ensure they are being used effectively. Authorizing
legislation should create a central funding mechanism
for crosscutting initiatives that span multiple energy
offices. Demonstration and deployment programs
should be significantly expanded. Congress should also
authorize DOE’s use of incubators, accelerators, prizes,
and challenges—which are currently limited in scope
and funding—as tools to commercialize clean energy
technologies.


The second set of recommendations covers challenges
specific to each of the programs in EERE and the Office of
Electricity. EERE and Office of Electricity programs, which
coordinate and distribute funding for specific clean energy
technologies such as solar energy, building efficiency,
and clean vehicles, are relying on outdated congressional
mandates that do not account for new technological
challenges and opportunities. Note: the scope of this report
does not cover major parts of DOE, including the Office
of Fossil Energy, the Office of Nuclear Energy, and the
agency's non-innovation activities.
DOE will be crucial in addressing climate change and
ensuring U.S. technological leadership, but it is operating
under a vastly outdated model. Congress must update
DOE’s authorizing legislation or put at risk the enormous
economic and environmental benefits of a clean energy
future.
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Introduction
There is no silver bullet solution to the climate crisis.
Addressing it will require total, rapid transformation
of global energy systems, including increasing energy
efficiency and zero-emission power generation at record
pace, electrifying buildings and transportation systems
to replace fossil fuel use, and transitioning industrial
processes to be carbon neutral. To achieve this humanitysaving transformation—and to do so in a just, equitable
way—the world needs a transformative, comprehensive
set of policy and technology solutions. Technologies that
are already market tested can get us almost all the way
there, but those we have yet to commercialize will get us
there more cheaply and rapidly and with greater benefits
for more people.
Energy technology innovation—including research,
development, demonstration, and deployment (RDD&D)
programs—will be a critical piece of any comprehensive
climate solution. Research and development (R&D)
programs work to build new technologies and improve
existing ones, demonstration programs put those
technologies to the test in real-life applications, and
deployment programs channel investment to move the
technologies into the market. Each step of the innovation
process is crucial to building the necessary technology
solutions to combat climate change.
Governments around the world have a principal role to
play in catalyzing energy RDD&D. Countries that take
decisive, nationwide action, including a commitment to
energy innovation, will set themselves up to lead the global
response to climate change while also ushering in a new
age of prosperity. Moreover, well designed and executed
public innovation programs can help ensure an equitable
clean energy transition by bringing safer, healthier, cleaner
technologies to more people and creating technologies that
can be applied in diverse situations.
As the world’s largest public funder of clean energy R&D,1
the United States has a head start. Thanks to decades
of federal energy research and investment, which the
private sector is now commercializing, more than 3 million
Americans are employed in clean energy jobs,2 and our
health has improved as new energy technologies have cut
air pollution from the power sector.3
Congressional authorization language for the Department
of Energy (DOE) that was last comprehensively updated in
2005 governs the federal government’s work in this space.4
So much has changed since then.
We have made significant progress; with support from
DOE, the costs of wind and solar power, batteries, and
light-emitting diode (LED) light bulbs have each been
cut by at least 75 percent, and in the case of LEDs, have
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dropped by 95 percent.5 However, new energy technology
challenges are emerging—and for those who can overcome
them, enormous benefits await. For example, the electricity
grid faces a growing need for long-duration energy storage,
a problem that technology has only begun to tackle.
Cutting emissions from large industrial facilities, heavyduty transportation (planes, trucks, ships), and natural gas
use in buildings remains difficult. The next generation of
clean energy technologies—whether floating offshore wind
turbines, perovskite solar panels, long-duration storage,
or zero-carbon fuels for use in industrial facilities—could
dramatically reduce the costs and accelerate the pace of
the clean energy transition.
Meanwhile, since 2005, humans have added the same
quantity of greenhouse gas (GHG) emissions to the planet
as we did in the first 220+ years for which we have
accurate estimates.6 As a result, we are experiencing
major effects from climate change—record heat, strong
storms, flooding, wildfires, water scarcity, and disease,
to name some. Because of DOE’s dominant role in
driving technology innovation and deployment in the
energy sector, Congress urgently needs to update the
authorization for DOE as part of a larger reevaluation of
the federal government’s responsibility and authority to
respond to climate change.
This report develops several recommendations to guide
Congress in such an effort. These recommendations focus
on DOE’s science and energy offices, with an emphasis on a
subset of the applied energy offices; the scope of the report
does not include efforts related to the Federal Energy
Regulatory Commission and several major DOE programs
and offices, including nuclear security and environmental
management.
The first set of recommendations pertains to DOE
generally, and the second set focuses on the individual
technology offices within DOE’s Office of Energy Efficiency
and Renewable Energy (EERE) and Office of Electricity.
Reauthorization bills for the Office of Nuclear Energy and
the Office of Fossil Energy have already been introduced
this Congress, but bills for only some of the technology
areas within EERE and the Office of Electricity have been
introduced. Our recommendations attempt to fill the gap.
DOE is one of the key federal agencies that should
be addressing climate change. Implementing these
recommendations would update outdated authorities and
improve the U.S. response to the climate crisis. Congress
should develop and pass this authorizing legislation as
soon as possible.
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Section 1: Department-Wide Recommendations
This section lays out recommendations for overarching changes to DOE in three
categories: funding levels and structure, mission and goals, and mechanisms
and tools.
INCREASE FUNDING AND MODERNIZE DOE’S
STRUCTURE

DOE is underfunded and organized ineffectively to respond
to the climate crisis. Addressing these challenges is a
crucial first step to ensuring that DOE can tackle causes
and effects of climate change in the energy sector.

Increase Funding for R&D

Low-carbon energy research can lead to technological
advances that reduce the costs and increase the pace of
the transition to clean energy—and has done so in the
past. For example, thanks in part to decades of DOE
investment, the costs of wind and solar power, lithium-ion
batteries, and highly efficient LED light bulbs have been
cut by at least 75 percent and, in the case of LEDs, by 95
percent.7 As a result, these technologies have expanded
rapidly to replace older, more-emissions-intensive
products. In addition, analysis shows that federally
sponsored energy R&D generates huge returns to the U.S.
economy; a 2017 evaluation of the DOE’s Office of Energy
Efficiency and Renewable Energy showed that $12 billion
of taxpayer investment yielded more than $388 billion in
net economic benefit.8 Taken together, these facts create
a powerful argument for substantial new investments in
energy research. Although yearly appropriations bills
that Congress passes establish research funding levels,
authorization legislation can signal Congress’s long-term
intent to prioritize R&D. Without a significant increase in
investment, the United States is likely to be surpassed as
the global clean energy technology leader, and the cost of
cutting emissions from the U.S. energy system is likely to
rise significantly.
Recommendation: As part of a holistic set of research,
policies, and deployment tools to address our energy
needs and the challenges of climate change, Congress
should authorize and appropriate funding over a 5-year
period that at least doubles clean energy research and
development investments, 75 percent of which are at DOE,
and significantly increases demonstration and deployment
funds at the federal agencies.9

Update Organizational Structure

DOE can better address our national energy and
environmental needs by improving coordination between
its basic and applied energy science programs and
within the applied energy science programs. DOE’s basic
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science programs are generally located in the Office
of Science. Its applied energy programs consist of the
Advanced Research Projects Agency—Energy, EERE,
the Office of Electricity, Cyber Security, and Emergency
Response, Indian Energy, Nuclear Energy, Fossil Energy,
and the Loan Programs Office. From 2013 to 2017, these
programs were integrated through the Office of the
Under Secretary for Science and Energy, which led the
Quadrennial Technology Review (a complete review of the
most promising RDD&D opportunities for clean energy
technologies) and helped convene staff from across DOE
programs to collectively address crosscutting initiatives
such as grid modernization, the energy-water nexus,
advanced computing, and subsurface energy sciences.10
Although some of the crosscutting teams still exist,
others fell apart under the 2017 reorganization that split
DOE’s basic science and energy programs between two
undersecretaries (Under Secretary for Energy, Under
Secretary for Science).
A single under secretarial office, with responsibility
for overall stewardship of the basic science and energy
programs, their budgets, the laboratories associated with
these programs, and crosscutting energy research, will
help DOE more thoroughly integrate its energy RDD&D
efforts and respond quickly to national needs.
Recommendation: Establish a single Under Secretary for
Science and Energy, with the offices of Science, Buildings
and Manufacturing (currently Energy Efficiency),
Sustainable Transportation, Renewable Power, Fossil
Energy, Nuclear Energy, Electricity, Cyber Security
and Emergency Response, Indian Energy, Technology
Transitions, and Loan Programs as direct reports.

TRANSFORMING THE U.S. DEPARTMENT OF ENERGY IN RESPONSE TO THE CLIMATE CRISIS

NRDC

FIGURE
1: U.S. GREENHOUSE
GAS EMISSIONS
AND DEPARTMENT
OF ENERGY
RESEARCH,
DEVELOPMENT,
DEMONSTRATION,
U.S.
GREENHOUSE
GAS EMISSIONS
AND DEPARTMENT
OF ENERGY
RESEARCH,
DEVELOPMENT,
DEMONSTRATION,
11
AND
DEPLOYMENT
SPENDING
ACCORDING
TO
SECTOR
AND DEPLOYMENT SPENDING ACCORDING TO SECTOR

GREENHOUSE GAS EMISSIONS (2017)

DEPARTMENT OF ENERGY RESEARCH
AND DEVELOPMENT SPENDING (FY2016)

Agriculture 9%
Buildings 12%

Other 9%
Electricity
28%

Buildings 3%

Electricity
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Transportation
25%
Industry 22%

Transportation
29%

Balance the Portfolio

The DOE’s energy R&D activities are concentrated in the
power sector, which is not surprising given DOE’s historic
roots. (DOE traces its lineage to the Manhattan Project
and the Atomic Energy Commission’s efforts to develop
nuclear power.) As of 2016, more than half of DOE’s
energy research investments were in the power sector,
approximately one-quarter in the transportation sector,
and only 10 percent in the buildings and industrial sector
combined.
This mix is poorly aligned with the opportunities to
mitigate GHG emissions in today’s economy (Figure
1). Transportation overtook the power sector as the
largest source of U.S. GHGs in 2016. The Environmental
Protection Agency estimates that U.S. industry is
responsible for approximately 22 percent of our overall
GHG emissions, with the buildings sector is responsible
for another 12 percent. These estimates exclude emissions
from electricity usage, which is listed separately.
Although there are myriad research offices to address
power sector emissions (DOE offices of Nuclear Energy,
Fossil Energy, Electricity, EERE Renewable Power),
more funding and greater attention is required in the
transportation and buildings and industrial sectors.
Recommendation: Triple funding for DOE’s Sustainable
Transportation and Energy Efficiency portfolios over
the next 5 years, rename the Energy Efficiency Portfolio
to Buildings and Manufacturing to better encompass
its research focus, and elevate the offices of deputy
assistant secretaries for Sustainable Transportation
and for Buildings and Manufacturing to the role of
assistant secretary. This would in effect split EERE into
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three assistant secretary offices (including an Assistant
Secretary for Renewable Power), which is appropriate
given the size of this office and the variety of challenges its
technology programs address.

Require Long-Term Portfolio Planning

Many DOE technology programs conduct future
planning through 5-year program plans that provide a
broad overview of energy use in the program’s energy
sector; opportunities for and barriers to cost-effective
energy savings; and the programs’ strategies, research
pathways, and goals for achieving improvements in the
relevant energy sector. Drafting these plans is a scientific
community-wide process that engages DOE headquarters
staff, national laboratory personnel, and the scientific
and industrial communities. In September 2018, through
Section 204 of H.R. 589, the DOE Research and Innovation
Act, Congress formally required DOE to undergo a larger
department-wide program portfolio planning effort
performed every 4 years. DOE has not identified what
steps it is taking to comply with this requirement.
The portfolio planning process should incorporate
program-level plans into a unified document that connects
future RDD&D needs with future funding requirements
and assesses budgetary priorities within the portfolio.
While H.R. 589 codified a department-wide planning
process, it did not require program-level multiyear
planning. A model for such a process already exists. In
2011 and 2015, DOE began a department-wide portfolio
planning process through the Quadrennial Technology
Review, which assessed the status of energy technologies.
DOE chose not to undertake the QTR for 2019.
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Recommendation: Codify the requirement for programlevel multiyear planning and ensure that DOE is
appropriately executing the H.R. 589 requirement for
department-wide portfolio planning that assesses the
status of technologies, future RDD&D needs, associated
budget requirements, and common metrics for measuring
performance tied to national environmental goals,
including GHG emissions reduction and resilience to
climate change.

Implement Structures to Depoliticize DOE

DOE has historically been an apolitical department, guided
by the principles of the scientific method and peer review,
but creeping politicization of the department is underway
as political appointees replace career managers and the
department pursues an antiscience, pro-fossil fuel agenda.
Specifically, the department installed its first-ever
politically appointed Deputy Assistant Secretary in
EERE in 2019, followed weeks later by its second.12,13,14
In addition, the Trump Administration’s antiscience
agenda has permeated the agency in other ways over the
past 2 years, including through the proposal to bail out
coal and nuclear plants and the illegal rollback of energysaving lightbulb standards.15,16

UPDATE DOE’S MISSION AND GOALS

DOE’s statutorily authorized mission and goals have
not substantially changed since 2005, but collective
knowledge about the pace and effect of climate
change has dramatically expanded since then. Several
recommendations follow to authorize DOE to address
climate change and other important energy-related
national goals.

Politics should not interfere with science-based decisionmaking. Congress can reestablish the preeminent role of
science at DOE by requiring that assistant secretaries and
deputy assistant secretaries be career officials hired from
the Senior Executive Service (SES) corps, a governmentwide pool of high-performing individuals selected for their
leadership qualifications that includes the government’s
best technical and scientific managers. The SES regularly
recruits private sector leaders who do not have prior
government experience.

Make Addressing the Causes and Effects of Climate
Change an Explicit Goal

Career assistant secretaries can help ensure that DOE
political appointees who lead the department (secretary,
deputy secretary, under secretaries) conform to the
law, apply best practices for science- and merit-based
research decision-making, and are well informed by
DOE career staff, who are some of the world’s leading
scientists and technologists—regardless of who is
president. Doing so would also promote long-term stability
by maintaining senior leadership through presidential
transitions. Assistant secretary positions have sat vacant
for years awaiting a presidential appointment or Senate
confirmation, preventing programs from implementing
their missions and performing research.

Making reduction of GHG emissions and the effects of
climate change explicit goals of department activities will
give DOE personnel more freedom to pursue necessary
research, regardless of the ideological leanings of any
particular administration. The absence of these specific
goals has led DOE career staff and applicants for DOE
research funds to self-censor themselves in research
proposals to better align with the current administration’s
antiscience agenda.

Recommendation: Require that members of the career SES
fill DOE assistant secretary and deputy assistant secretary
positions.
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Section 902 of the Energy Policy Act (EPAct) of 2005
establishes “decreasing the environmental impact of
energy-related activities” as one of five goals for DOE
research.17 This is an important but vague goal that
mentions neither GHG emissions nor climate change.
Given the urgent challenges associated with global climate
change, more statutory specificity about the environmental
goals for DOE’s research is necessary.

Beyond issuing grants, DOE also has limited, but
influential, rulemaking authority. Most notably, DOE
sets minimum efficiency standards for energy-consuming
appliances and devices, which it bases on a comparison of
the costs and benefits of any rule. Accounting for the price
of GHG pollution that comes from using such appliances
and devices would better capture the true costs of our
energy use and support higher efficiency standards, but
because DOE is not explicitly tasked with lowering GHG
emissions and accounting for climate change, the law does
not mandate that DOE include these costs.
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Recommendation: Update DOE’s authorized goals to
state that it should research, develop, demonstrate,
and commercialize technologies that “decrease the
environmental impact of energy-related activities,
including by deeply reducing greenhouse gas emissions”
and “improve energy-sector resilience to climate change”
and replicate this authorization language in each
technology subsection of a legislative authorization.
Congress should also require cost-benefit analyses for
department rule-making to determine the economic harm
of climate effects.

Make Improving U.S. Clean Energy Manufacturing
Competitiveness an Explicit Goal

Over the past few decades, several technologies that DOE
has fostered have left the laboratory and entered the
market with great success, including solar panels, wind
turbines, grid-scale batteries, and LED light bulbs. In each
case, DOE has supported the initial development of the
technology and subsequent innovations in manufacturing
these products to reduce costs.
As the U.S. economy continues to transition to clean
energy, we must ensure that the manufacturing,
construction, installation, operation, and maintenance of
clean energy technologies drive economic development and
employment in the United States. Moreover, clean energy
manufacturing capacity will need to expand significantly
to deploy clean energy technologies at the pace required to
address climate change, representing a golden opportunity
to revive the domestic manufacturing economy and the
U.S. industrial sector.
DOE has sponsored programs to increase U.S.
manufacturers’ competitiveness. For example, the
Innovation in Manufacturing Competitiveness program
in the solar energy office funds projects that are helping
rebuild the solar module industry and supply chain in
America. The Advanced Manufacturing Office pursues a
large variety of programs to do the same, including through
the Manufacturing USA Institutes, which is a national
network of federally sponsored manufacturing institutes,
each with its own technological concentration but designed
to accelerate U.S. manufacturing as a whole. Before it
expired, the 48C Advanced Energy Manufacturing Tax
Credit program helped deploy domestic manufacturing of
clean energy equipment.
DOE can and should do more to encourage manufacturing
innovation, including workforce development (see
Workforce Development recommendations), federal
support for developing manufacturing innovation
ecosystems, and more financial incentives for domestic
clean energy manufacturing.
Under a provision of the Bayh-Dole Act, EERE requires
award applicants to submit U.S. manufacturing plans,
which state their commitment to manufacturing
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technologies resulting from DOE awards in the United
States.18 Congress should ask DOE to strengthen this
requirement by applying it to all applied energy RDD&D
(not just EERE), including loan guarantees from the Loan
Programs Office, and to develop recommendations for
strengthening proposed manufacturing plans.
Recommendation: Make increasing the manufacturing
competitiveness and export of clean energy technologies
an objective of DOE research. Congress should also
develop and fund a broader suite of tools to increase the
competitiveness of U.S. clean energy manufacturing,
including by reauthorizing the 48C Advanced Energy
Manufacturing Tax Credit with an updated definition
of qualified clean energy technologies. Finally, Congress
should require U.S. manufacturing plans for all DOEfunded applied energy research.

Promote Grid Integration in All Programs

Given the increasing market penetration of renewable
energy and energy efficiency technologies, all DOE applied
research programs should consider the effect of their
technologies on the electric grid.
The Office of Electricity leads DOE’s electric grid research,
but other energy technologies can have significant effects
on the strength, security, and resilience of the grid and the
ability to achieve a zero-GHG-emission grid. For example,
although the Office of Electricity manages R&D for electric
grid hardware and software, many EERE programs
have implications for grid modernization and can make
significant contributions related to their technology areas
(e.g., increasing penetration of renewables on the grid,
using energy efficiency to help balance the grid, integrating
electric vehicle (EV) charging into the grid). Therefore,
programs outside the Office of Electricity should also
be authorized to support grid RDD&D. This additional
authorization would supplement the excellent cooperation
that already exists between EERE and the Office of
Electricity through the Grid Modernization Initiative. (See
Crosscutting Technology Initiatives recommendation.)
Recommendation: Include grid integration as a
consideration for all fossil energy, nuclear energy,
efficiency, and renewables programs and all relevant
transportation research programs.

Prioritize Equitable Energy and Climate Justice Solutions
Climate change and energy-related pollution have unequal
and disproportionate effects on historically marginalized
communities and low-income households. Moreover,
communities of color and low-income communities spend
a disproportionate portion of their income on energy
expenses and are disproportionately likely to experience
energy poverty.19,20 Relatedly, these communities have
experienced less than their fair share of benefits from
clean energy technologies thus far.21
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In addition to the important work DOE’s Office of
Weatherization and Intergovernmental Programs is
doing to fund energy efficiency retrofits for low-income
families across the country, DOE should pursue important
energy technology RDD&D topics to bring marginalized
communities to the forefront of the energy transition and
reduce inequities in energy burden. These opportunities
include community solar (solar projects that are shared
among several households to address the siting and
ownership challenges of solar adoption), affordable
electric and carbon-free transit infrastructure, energy
efficiency solutions for rental and multifamily housing, and
transition funds and programs for communities dependent
on fossil fuel extraction. These kinds of equitable
deployment research topics deserve greater attention from
DOE, which can provide technical assistance and grants to
states and municipalities.
The department should also develop and implement
frameworks to consider energy and climate justice criteria
when prioritizing research and evaluating relevant award
applications. As part of this work, DOE should consider
the impacts of fossil fuel development in historically
marginalized communities and prioritize investments
that help alleviate these impacts. Finally, it should include
frontline communities and marginalized communities in
the review process for awards to better reflect the needs
and outcomes that will serve these communities.
Recommendation: Include equity and energy justice as
an objective of all applied energy research programs
and authorize and fund specific programs to address
the energy needs of low-income and other historically
marginalized communities, including by strengthening
representation of underrepresented and affected
communities in the clean energy workforce. Direct DOE
to develop frameworks for considering energy and
climate justice criteria into planning processes and
award decisions. Explore ways to include marginalized
communities early in the research process.

Improve and Expand Workforce Development

Congress must ensure that the United States has a trained
workforce to research and deploy clean technologies.
DOE and its predecessor organizations have a longer than
60-year history of commitment to training and supporting
scientists, mathematicians, engineers, and operators. The
Office of Science considers cultivating the next generation
of scientific talent to be an important part of its mission
and has developed robust training and support programs
for students and researchers to do so. Through the Office
of Science, DOE’s role in workforce development has
primarily focused on support of undergraduates, graduate
students, and postdoctoral researchers through R&D
awards at universities and DOE national laboratories.
Today, that role also includes supporting educational and
training programs to promote science and energy literacy.
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Workforce development programs in the applied energy
programs are more limited. Where implemented,
programs such as the Solar Instructor Training
Network and the Collegiate Wind Competition have
been successful in training the next generation of clean
energy professionals.22 More programs like these are
needed to teach and train clean energy workers for both
research and deployment job opportunities. Programs that
provide crosscutting skills in topics such as clean energy
manufacturing, robotics, artificial intelligence, and green
construction will also be required. Such training programs
should be conducted in partnership with industry to
provide a clear pathway to job placement. In addition,
these programs should be coordinated with other agencies,
including the National Science Foundation, the Department
of Labor, and the Department of Education. Finally, DOE
workforce development programs must include diversity
and inclusion as key criteria.
DOE produced the U.S. Energy and Employment Report,
which offered detailed energy and employment data and
supplemented Bureau of Labor Statistics employment
data, through 2017. This analysis was found nowhere else,
making it an invaluable tool for policy makers, academic
officials, and business executives to assess our current
clean energy workforce and project future need. DOE
stopped producing the report in 2017, in a harmful move
that removed an important source of official information
on the clean energy economy.
Recommendation: Authorize comprehensive workforce
development programs for all applied energy programs,
allowing DOE technology programs to develop tailored
workforce and education programs that respond to current
and future needs in their technology areas. In addition,
codify the requirement for DOE to produce the U.S. Energy
and Employment Report.

Use Social and Behavioral Science to Increase Clean
Energy Adoption

Supporting and investing in technological development is
only part of the solution to our energy challenges. Some
of our clean energy solutions require people to change
decisions they make every day. For example, we may need
to adjust how and when we use our household appliances
to maximize the effectiveness of renewable energy.
It is important that we understand why some energy
technologies are embraced more readily than others.
DOE has conducted social and behavioral science in the
past. For example, DOE supported research on smart and
connected appliance use, which helped manufacturers
and utilities design more viable products and programs to
help consumers save energy, but there are many additional
research areas in this field that could generate new
information about effectively reducing GHG emissions.
Recommendation: Authorize DOE to research social and
behavioral factors that influence energy consumption and
acceptance and adoption rates of new energy technologies.
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EXTEND DOE’S EFFECT WITH NEW RESEARCH
MECHANISMS AND TOOLS

Research mechanisms and tools developed in the
last decade-plus have not been codified in law. These
approaches represent new, effective ways to use innovation
funding efficiently. Several recommendations follow to
ensure that DOE has continued access to them.

Support Crosscutting Technology Initiatives

Energy topics that span multiple DOE program offices
are known as “crosscuts.” They include the energy-water
nexus, grid modernization, subsurface technology and
engineering, advanced materials for energy, supercritical
carbon dioxide for power generation, exascale
supercomputing, cybersecurity, advanced manufacturing,
and energy storage. Individual program offices propose,
fund, and lead research topics within these initiatives. To
varying degrees, program managers who work in these
areas have organized to discuss relevant research findings
from other programs, potential topics for future research,
and ways they can reduce redundancy and improve
collaboration.
The Office of the Under Secretary for Science and Energy
previously coordinated these teams. When the Trump
Administration eliminated that office in 2017, some of
these teams dissolved, whereas others, such as the Grid
Modernization Initiative, continued to meet and propose
joint investments. Given the complicated, cross-sector
challenges associated with reducing GHG emissions in our
energy system, these crosscutting topics are increasing in
importance to our clean energy future, and these teams
require revitalization and formalization.
In addition, several new crosscutting topics must be
introduced to address gaps in DOE’s portfolio. For
example, DOE should create a new carbon dioxide
utilization crosscutting initiative involving DOE’s Office
of Fossil Energy; Office of Science; Advanced Research
Projects Agency–Energy; and the Advanced Manufacturing,
Bioenergy, and Fuel Cells and Hydrogen Technology
programs in EERE. As part of the Grid Modernization
Initiative, or as a new effort, DOE should also establish
a crosscutting initiative on power electronics, which
holds promise for renewables, EVs, and the grid. DOE
should also develop a crosscutting urban energy sciences
initiative, drawing on its historical expertise in the fields
of sensing, communication, and computation capabilities.
Such an initiative could dramatically increase the
efficiency, sustainability, and resilience of cities.
In fiscal year 2016, DOE supported more than $1.1 billion
in crosscutting R&D in the areas listed above,23 but these
initiatives are funded out of individual program offices,
instead of centrally. Because of the way Congress allocates
funding, increasing funding in these critical crosscutting
technology areas requires increasing funding in individual
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programs. A new funding mechanism is needed that
gives DOE greater flexibility to allocate R&D funding to
crosscutting initiatives as needs emerge.
In September 2018, through Section 203 of H.R. 589,
in recognition of their importance, Congress formally
authorized the creation of crosscutting teams. In its
authorization, Congress gave DOE the flexibility to create
teams on the topics it deemed most important. DOE has
not publicly announced whether it will use this authority
to revitalize existing crosscutting programs or create new
ones, nor has it detailed the organizational structure it will
use to support the crosscutting teams.
Recommendation: Congress should ensure that DOE
is implementing its September 2018 crosscutting
authorization (Sec 203 of H.R. 589), charge the Under
Secretary for Science and Energy with stewardship of
the crosscuts, and create a central funding mechanism
that the under secretary can use to strategically allocate
additional funds to crosscutting topics and teams.
Recommend $100 million in new central funding in the first
year (appropriated with flexibility, similar to the manner
in which Advanced Research Projects Agency–Energy is
funded).
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Make Technology Demonstration a Part of Applied
Energy Programs

Technology demonstrations, in which a prototype or
first-of-a-kind system is tested in one or more typical
operational environments, are an important part of the
research process. Conducting demonstrations helps
identify system-level challenges, pinpoint areas for cost
reduction, and validate the maturity of a technology.
Technology demonstrations also reduce time to market for
more efficient, cleaner technologies, which can give U.S.
companies a competitive advantage.
Demonstration is an uncertain process, often requiring
large investments with unclear outcomes. Over the
years, DOE, in partnership with the private sector, has
supported large demonstration efforts ($10 million-plus).
Some of these supported technologies have been very
slow to commercialize or failed altogether to find a home
in the market yet generated important insights that have
been built on in other arenas. For example, several large
advanced cellulosic biorefinery facilities failed at the
demonstration stage. These plants experienced adverse
market conditions (low oil prices) but also a variety of
technical challenges that are the subject of additional
R&D.24 Others led to spectacular successes. For example,
three-dimensional printing prototyping at the DOE
Manufacturing Demonstration Facility is revolutionizing
how products are designed and built across the country.25
Given the uncertainty and financial investment involved,
the private sector is often unwilling to take risks in this
area, which is why it is essential that the government step
in. Government support of demonstration (cost-shared
with the private sector) helps identify what works and
what does not, reducing risk and encouraging the private
sector to commercialize new energy technologies.
Recommendation: Specifically authorize DOE’s
applied energy research offices to support technology
demonstration and require inclusion of demonstration
planning in multiyear program plans. (See LongTerm Portfolio Planning below.) Given the potentially
large funding requirements and large yearly swings
in funding characteristic of demonstration, Congress
should also consider establishing a DOE demonstration
fund separate from the individual technology office
accounts and should authorize DOE to impose rigorous
performance requirements on demonstration programs
to ensure that they reduce investment risk and support
commercialization.

Expand Deployment Programs

Although DOE is the primary federal funder of energy
research, development, and demonstration programs in
the United States, the Department of the Treasury leads
the way on technology deployment through tax incentive
programs. Given the urgency of the climate crisis, the
federal government must signficantly expand deployment
programs.
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We have already recommended at least doubling energy
research and development at DOE. For deployment, in
addition to extending and expanding existing clean energy
tax credits through the Department of the Treasury,
Congress should increase DOE’s role. This can be achieved
by authorizing massive new cost-shared deployment
programs at DOE, including programs to help innovative
technologies bridge the late-stage “valley of death” (named
for the financing hurdles and other challenges of expanding
technologies from the laboratory to full-scale deployment)
and programs to address market failures that create
barriers to deployment of known technologies.
DOE has a successful history of implementing programs
of this type, including through the American Recovery and
Reinvestment Act of 2009, through which it invested more
than $32 billion to support a wide range of clean energy
projects across the nation—from investing in smart meter
deployment to renewable energy programs, workforce
development and training, and much more.26 For example,
$3.2 billion was delivered through energy efficiency and
conservation block grants to develop, promote, implement,
and manage energy efficiency and conservation projects
that ultimately created jobs while reducing GHG emissions.
This represented the largest nationwide direct investment
in energy efficiency and renewable energy technologies at
the community level in U.S. history.
DOE could consider a number of clean energy deployment
tools, such as a green bank (an entity established to
facilitate private sector investment in low-carbon
technologies and infrastructure) that has the authority
to issue debt (including bonds), equity, and insurance
investments. Congress could also expand the DOE’s loan
authority to invest in more first-of-their-kind projects,
including by expanding DOE’s authority to pay credit
subsidy cost fees for loan recipients. DOE could draw
inspiration from recent proposals for major infrastructure
bills for potential deployment programs to address
climate change (including efficiency improvements for
homes and schools, grid upgrades, and renewable energy
installations).
Deployment programs are important strategies to reduce
emissions, but they also can have significant social and
economic impacts. DOE should include a poverty and
social impact analysis when distributing deployment
funding.
Recommendation: Congress should substantially expand
existing clean energy deployment efforts (including tax
incentives and financing mechanisms) and authorize new
programs at DOE at the scale of investments made during
the American Recovery and Reinvestment Act. H.R. 2741,
the proposed Leading Infrastructure for Tomorrow’s
America Act, includes several energy deployment programs
complementary to these principles. Congress should
require rigorous performance measurement so that the
most successful approaches can be replicated.
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Support Incubators and Accelerators

Over the past decade, a robust network of energy
technology incubators and accelerators has developed
nationwide. Incubators and accelerators help provide
start-up companies and nontraditional innovators with
tools to research and commercialize energy innovations.
These organizations provide innovators with access to
funding, R&D facilities, mentorship, and connections
to finance. Incubators and accelerators vary in their
approach, creating an easy way to test and identify the best
ways to support clean energy entrepreneurs.
DOE has directly supported these incubators and
accelerators through funding and access to its facilities
and experts (particularly at the national laboratories).27
DOE has also developed its own incubator efforts through
entrepreneurship programs such as Cyclotron Road. These
programs embed private sector and academic scientists
and engineers in the national laboratories, where they
research future energy and manufacturing topics while
learning entrepreneurial skills.28 Some of these programs
also provide national laboratory-based scientists with
entrepreneurial training so that they better understand the
clean energy marketplace.
With DOE’s support, these incubators have helped develop
robust energy innovation ecosystems that are responsive
to region-specific energy innovation needs across the
country, but DOE’s efforts in this space are limited in
scope and funding. In addition, no national organization of
these entities yet exists; if developed, such an organization
could help coordinate their efforts and consolidate lessons
learned to extend their effect.
DOE should also update accelerators focused on energy
challenges for low-income communities, such as the Clean
Energy for Low-Income Communities Accelerator, which
demonstrated energy efficiency and distributed renewable
energy solutions for low-income communities throughout
the country.
Recommendation: Authorize DOE to support clean
energy technology incubators and accelerators in and
outside the national laboratory system, support more
entrepreneurship training for national laboratory
scientists, and develop a national coordinating
organization for these entities. Direct DOE to expand
accelerators focused on low-income energy challenges.

Support Prizes and Challenges

In recent years, DOE has sponsored prizes and challenges
that reward innovators for achieving preestablished goals.
These prizes and challenges, including the L Prize for LED
Lighting and the Wave Energy Prize, have successfully
fostered innovation.29,30 Although there are limitations
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to this approach, particularly because energy innovation
is often capital intensive and entails risk, it also has its
merits.
In particular, prizes can help engage nontraditional
innovators, bringing new perspectives to complex
problems. They can also save taxpayer dollars by paying
only for success and free the government from having to
(imperfectly) predict which team or approach is likely to
succeed.
The Center for Excellence for Collaborative Innovation,
a government-wide organization that helps coordinate
prizes, has assisted many agencies in establishing
department-wide policies and guidance for prizes and has
coordinated best practices among the agencies. Whereas
other research agencies such as the Department of Health
and Human Services, Environmental Protection Agency,
National Science Foundation, Department of Defense, and
Defense Advanced Research Projects Agency have adopted
many of these policies, DOE has adopted very few, leading
to uneven implementation across the department.
Recommendation: Continue authorization for energy
technology prizes and challenges and require DOE to
develop a department-wide set of policies and guidance
for prize implementation.

Increase Flexibility for Small Business Programs

Small businesses compete for the more than $250 million
in R&D and commercialization funds that DOE distributes
each year through the Small Business Innovation Research
(SBIR)/Small Business Technology Transfer (STTR)
programs. These important programs provide a unique
opportunity for entrepreneurs to contribute their expertise
to DOE missions.
Funding for these programs is pulled directly from
individual technology offices at a set level (approximately
4 percent of R&D funds), but because the funds come
from each technology office’s budget (also known as
the Congressional control points), they must be spent
proportionately on each office’s mission space. In this way,
funding is atomized, reducing its effect.
Other federal agencies have recently reformed their
SBIR/STTR programs to spur product innovation and
commercialization. DOE should do the same, lifting
budgetary restrictions to increase the effectiveness of the
program.
Recommendation: Congress should consider reducing or
eliminating control point restrictions on SBIR/STTR funds
and make permanent certain SBIR/STTR pilot authorities
that are set to expire.
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Section 2: Technology-Specific Recommendations
This section outlines technology-specific recommendations for DOE RDD&D
in EERE and the Office of Electricity.
DOE’s energy technology work in EERE and the Office
of Electricity is split into four portfolios, each of which
encompasses several technology topics and is managed
by a deputy assistant secretary: renewable energy, energy
efficiency, sustainable transportation, grid modernization.
These portfolios represent unique technological
spheres. Although there is substantial overlap between
how advances in one portfolio affect another, the
characteristics and levels of development of the
underlying technologies are distinct enough that they
must be managed with different expectations and different
measures of success.
This section breaks each of the four portfolios down
into its component technology topics, which correspond
to individual DOE technology programs (e.g., the Solar
Energy Technology Office manages solar energy RDD&D).
Each section begins with a general list of topics in each
technology area that DOE should be authorized to
support, followed by a narrative discussion of additional
considerations.
Each section concludes by noting specific legislation
introduced during the 116th Congress that is supportive
of these authorizing principles. These already-introduced
technology-specific bills could be combined to form a
starting point for a comprehensive climate-oriented
DOE reauthorization. If no such legislation exists, that
is also noted.

RENEWABLE ENERGY

DOE’s renewable energy portfolio includes RDD&D for
solar energy, wind energy, geothermal energy, and water
power. Each corresponds to a DOE technology program
in EERE.

Solar Energy

DOE’s solar energy portfolio should include RDD&D to:
n

n

n

Improve solar energy cell and module performance
(including improving existing cell types and developing
new cell types)

As part of these efforts, DOE should continue research
on advanced materials for solar systems, the suite of
related componentry for solar systems (power electronics,
sensors, communications, control), energy storage and
other tools for grid integration, and building integrated
solar products.
DOE should also redouble its efforts to make nextgeneration solar manufacturing in the United States more
competitive and begin researching ways to recycle solar
modules and components in anticipation of retiring the
first generation of large-scale solar deployments. (Solar
panels degrade over time and need to be replaced after
25 to 30 years.) DOE should pursue concentrating solar
power, which holds promise for long-duration thermal
storage and industrial process heating.
H.R. 3597, the Solar Energy Technology Research and
Development Act of 2019, encompasses these principles.

Wind Energy

DOE’s wind energy portfolio should include RDD&D to:

Reduce costs for manufacturing, installation (including
siting, permitting, and interconnection), financing,
operations, maintenance, and customer acquisition



n



n



n





Optimize solar energy systems performance and
operations, including support for electric grid
integration
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Optimize wind energy system design and control to
increase efficiency

n



Reduce costs for manufacturing, permitting,
construction, operations, recycling, and maintenance
Develop, manufacture, and use new materials for wind
energy systems components
Optimize wind plant performance and operations,
including support for electric grid integration

DOE should also increase support of wind energy
demonstration and market transformation activities.
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As part of these efforts, DOE should expand the mission
for the wind program’s main research facility, the National
Wind Technology Center, to demonstrate technologies
and tools to better integrate renewables and energy
storage into the grid. DOE should also continue to support
technological advancements that would allow for taller
wind turbine towers and larger rotors to unlock the
potential wind energy in the southeast and offshore.

DOE should also investigate the environmental effects
of EGS technologies, including on water and air quality
and seismic activity, and improve fracture control and
reservoir control techniques to mitigate these effects.

Finally, DOE should continue efforts to reduce regulatory
and market barriers, including grid integration barriers
and the effect of wind power on wildlife, radars,
communities, and military operations, and begin research
efforts to recycle wind turbine components, especially
blades (including in the design and manufacturing process).

Water Power

These topics apply to onshore and offshore systems.
Special emphasis should be placed on offshore windrelated research, given its relatively untapped potential in
the United States.
H.R. 3609, the Wind Energy Research and Development
Act of 2019, encompasses these principles.

Geothermal Energy

DOE’s geothermal energy portfolio should include
RDD&D to:
Improve geothermal resource detection (hydrothermal
reservoirs and fractures appropriate for enhanced
geothermal system (EGS)31 stimulation)

n



n



n



Reduce costs for drilling, stimulation, and operations
and maintenance
Improve subsurface manipulation techniques, fracture
control, and reservoir management for EGSs

DOE should continue technology development in
conventional hydrothermal systems, low-temperature
systems, and innovative value streams that extract readily
available heat and power from geothermal resources.
At the same time, the office should focus its efforts on
technologies that will advance EGS technologies, which
recent analysis indicates could support up to 60 GWe of
electricity-generation capacity by 2050, enabling a 14
times increase in household geothermal heating and the
installation of more than 17,500 district heating systems.32
DOE should also investigate and improve technologies for
mineral coproduction at geothermal sites.
Both of DOE’s geothermal facilities—the EGS Collab site
and the Frontier Observatory for Research in Geothermal
Energy site—are doing important research and could be
expanded. In addition, DOE should expand its geothermal
deployment work to include near-field enhanced
stimulation demonstrations of existing hydrothermal
systems. Additional deployment work could focus on largescale, innovative direct-use and heat pump demonstrations
to illustrate efficiency, resilience, economic value, and
reduction of grid dependency for American communities,
academic institutions, military installations, and industrial
parks.
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No current or proposed legislation provides in-depth
authorizing language for federal geothermal research.
NRDC encourages the development of such language.

DOE’s water energy portfolio should include RDD&D to:
Improve hydropower performance of closed-loop
pumped storage and in-conduit hydropower

n



n



n



n



Improve technologies and strategies to address the
social and environmental challenges of hydropower
Increase understanding of the projected changes to
existing hydropower production due to climate change
Develop marine and hydrokinetic (MHK) power
technologies

Hydropower and MHK33 technologies are at different stages
of development and will require different strategies.
For hydropower, DOE should continue efforts to support
pumped-storage hydropower research, along with efforts
to enable hydropower to support electric grid resilience,
including small hydropower paired with other renewables
and energy storage. DOE should continue to research
materials and advanced manufacturing methods to lower
the costs and improve the performance of in-conduit
hydropower.
The water power portfolio should include efforts to
address the social and environmental challenges of existing
hydropower. Workforce development is critical, because
up to 10,000 additional workers will be needed by 2020.34
DOE should also continue to expand research efforts
to mitigate and remediate the adverse environmental
and water quality effects of existing projects. Moreover,
climate change is likely to alter the magnitude and
seasonal patterns of hydropower production; further
research and analysis from DOE is needed to help prepare
the electricity sector for these changes. Any assessment of
the value of hydropower or forecast of future hydropower
production should take into account these climate-related
changes, as well as the costs of losses to ecosystem and
river functions.
Section 242 of EPAct 2005, which uses DOE water energy
research funds to pay for upgrades to hydropower dams
that have already been made, should be repealed or
updated to limit funding to new improvements to existing
hydropower projects, in conjunction with significantly
stronger protections for fish, wildlife, water quality, and
recreation to mitigate the ongoing adverse environmental
effects of these projects.35 It should not be used to
subsidize business decisions that have already been made,
in some cases nearly 15 years ago.
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MHK technologies are at an earlier stage of development
than hydropower. Foundational R&D into materials,
controls, and cabling is necessary for all MHK types,
including wave, tidal, and current (river and ocean)
energy. Applications development is also needed, including
further investigations of the use of MHK in maritime and
desalination settings. DOE can support the next generation
of entrepreneurs by developing MHK testbeds for different
settings and use cases. In addition, interdepartmental
partnerships are critical for MHK deployment.
H.R. 3203/S. 1821, the Marine Energy Research and
Development Act of 2019, encompasses some of these
principles. NRDC encourages development of language
to encompass the remaining principles.

ENERGY EFFICIENCY

DOE’s energy efficiency portfolio includes technology
support for energy improvements to commercial and
residential buildings, manufacturing, and federal energy
management. Each corresponds to a DOE technology
program in EERE and is discussed below.

Buildings

DOE’s building technology portfolio should include
RDD&D to:
Increase the energy efficiency of devices, appliances,
and mechanical systems used in buildings

n



n



n



n



Increase the energy efficiency and environmental
performance of residential and commercial buildings
in new construction and retrofits
Increase the energy efficiency of buildings at a
community or regional scale
Promote electrification of building systems in a way
that reduces GHG emissions and energy costs

DOE’s buildings program must focus on technologies
at several different scales. These include individual
technologies (e.g., lighting, windows, appliances, sensors),
systems (e.g., heating, ventilation, air conditioning,
including heat pumps), buildings (e.g., envelope,
modeling, renewables and storage integration, demand
response, building materials, construction practices),
and communities (e.g., building codes, grid-interactive
buildings, district heating). On each of these scales,
Congress should designate deep decarbonization as
the primary goal for the buildings program and clarify
that key strategies must include energy efficiency and
electrification.36
The buildings program must also continue to work across
the full range of technologies, from early-stage research
to deployment, for residential and commercial buildings.
Congress should expand DOE’s ability to promote and
support energy-efficient building codes by giving DOE
authority to promulgate minimum, mandatory national
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building codes that are responsive to energy and climate
goals (e.g., net-zero emissions by 2050); require zerocarbon new buildings by a set date; and work with builders
and local officials to adapt and implement building codes.
The buildings program has a mandate for R&D for building
natural gas and appliance systems, which was once seen as
a low-emissions alternative for building energy use. Given
the growing shares of natural gas-related GHG emissions
and the challenges associated with methane leaks from
natural gas distribution systems, Congress should end this
mission. Instead, Congress should require DOE to increase
funding to research cost-effective ways to retrofit buildings
for electrification and control methane leakage.
The buildings program should also take steps to implement
the recommendations from the Clean Energy for LowIncome Communities Accelerator toolkit to reduce the
barriers to adoption of energy efficiency in low-income
households.
DOE’s energy efficiency portfolio also has a weatherization
program. This program distributes federal funds to
states to perform low-income energy-efficient residential
upgrades. This important deployment program should be
reauthorized with greater funding levels.
No current or proposed legislation provides in-depth
authorizing language for federal building energy research.
NRDC encourages development of such language.
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Manufacturing

DOE’s advanced manufacturing technology portfolio
should include RDD&D to:
Increase the efficiency of energy-intensive industries

n



n



n



n



Reduce energy waste through product lifecycles
Increase the efficiency of and reduce manufacturing
costs for a variety of key energy technology products
Support decarbonization of U.S. manufacturing

The Advanced Manufacturing Office is critical to all
of DOE’s missions—energy, science, environmental
management, nuclear security—because improving
manufacturing processes in each of these areas can help
reduce costs and speed deployment.
To support energy efficiency in the U.S. industrial
sector, DOE should continue to employ its current threepart strategy of supporting R&D projects, establishing
consortia, and developing technology partnerships.
DOE has supported R&D of manufacturing advanced
materials that increase the efficiency of power generation,
buildings, transportation, and other sectors (e.g.,
power electronics, electric motors, energy storage
materials, advanced composites). These efforts support
U.S. leadership in the emerging globally competitive
marketplace for these materials and should be continued.
Because many technology options to decarbonize the U.S.
industrial sector are expensive or nonexistent, DOE should
establish a new effort to research, develop, demonstrate,
and deploy new or existing solutions in a cost-efficient,
effective manner. In collaboration with the Office of
Fossil Energy, the Advanced Manufacturing Office should
investigate the full range of carbon capture, utilization, and
sequestration options for the industrial sector.
Finally, Congress should allow DOE’s Manufacturing USA
institutes to receive federal support beyond the current
5-year limit and consider a permanent program of support.
Manufacturing USA institutes convene businesses,
academic institutions, and other stakeholders to test
applications of new technology, create new products,
reduce costs and risk, and train the manufacturing
workforce with the skills of the future. It is a governmentwide program with approximately 15 institutes, of which
DOE manages six. Permanent funding and authority could
offer flexibility to institute managers and give industry
members confidence in long-term support from DOE while
sustaining vital programs for workforce development and
engagement with small and medium-sized manufacturers
that might otherwise be put at risk.
H.R. 2397, the American Manufacturing Leadership
Act, supports DOE’s continued use of R&D consortia.
H.R. 3978/S. 2300, the Clean Industrial Technologies
Act of 2019, would authorize DOE to perform R&D
to decarbonize the industrial sector and create a
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demonstration program for technologies to cut industrial
emissions. NRDC encourages Congress to build upon these
bills to develop a holistic authorization for federal research
in industrial energy efficiency and decarbonization.

Federal Energy Management

DOE’s Federal Energy Management portfolio should
include RDD&D (including training and technical
assistance) to:
Increase the energy and water efficiency of federal
facilities, including building systems, buildings, and
building campuses

n



n



n



n



Increase the use of on-site renewable energy and
energy storage in federal facilities
Reduce GHG emissions and increase resilience to
climate change in federal facilities
Design, track, and report federal energy use, GHG
emissions, and progress toward meeting goals

DOE’s Federal Energy Management Program (FEMP)
has several decades of experience assisting agencies in
meeting energy, water, GHG, and other sustainability
goals, including assisting agencies in leveraging third-party
financing mechanisms to make these improvements. As the
nation’s largest energy user, the federal government must
continue to make progress toward sustainability, but FEMP
has never been specifically authorized.
By authorizing FEMP, Congress has a unique opportunity
to speed deployment of energy-efficient, renewable power
technologies; implement climate resilience strategies for
the built environment; enhance adoption of advanced gridinteractive technologies; and support multidisciplinary
training of America’s energy workforce. As part of these
efforts, Congress should authorize FEMP to work with
federal agencies to pilot advanced energy and climate
technologies in their facilities, providing learning
experiences for the federal and commercial building
sectors.
Congress should authorize FEMP to work with commercial
sector building owners who lease space to the federal
government to track and report building performance and
identify barriers to energy and climate improvements.
Energy savings performance contracts (ESPCs), which
allow federal agencies to achieve energy savings and
facility improvements with no up-front capital costs or
special appropriations from Congress by creating thirdparty financing partnerships between federal agencies
and energy service companies, are an important tool
for federal agencies. As it authorizes FEMP, Congress
should expand federal agency use of ESPCs by clarifying
that appropriated funds can augment ESPCs, allowing
ESPCs for federally leased buildings and state-owned
National Guard buildings, giving agencies access to lowinterest ESPC financing sources including the Federal
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Financing Bank, and allowing the use of ESPCs for
nonenergy building components and nonbuilding mobility
improvements (e.g., EVs and EV infrastructure).
S. 1857, the Federal Energy and Water Management
Performance Act of 2019, encompasses some of these
principles.

SUSTAINABLE TRANSPORTATION

DOE’s Sustainable Transportation portfolio includes
technology support for energy RDD&D for bioenergy,
vehicles, and hydrogen and fuel cells. Each corresponds
to a DOE technology program in EERE and is discussed
below.

Bioenergy

DOE’s bioenergy technology portfolio should include
RDD&D to:
n

Study carbon accounting for bioenergy, with
consideration of land-use change and foregone carbon
sequestration, and develop practical carbon accounting
tools that can be used in regulations and markets


Vehicles

DOE’s advanced vehicle technology portfolio should
include RDD&D to:
Reduce the cost of vehicle electrification and improve
the performance of EVs

n



n



Improve bioproducts and algae-based fuels

n



Reduce the costs of technology to convert gaseous waste
into usable fuels for hard-to-decarbonize segments of
the transportation and industrial sectors

n



n



n



n



Because of land constraints and competing uses, genuinely
low-carbon, broadly sustainable biomass is in limited
supply. Most forest-derived biomass cannot reduce
emissions compared with fossil fuels on timeframes
that address the worst consequences of climate change.
There is a pressing need for a more rigorous, granular
carbon accounting methodology for bioenergy resources.
Rigorous evaluation of bioenergy resources requires better
frameworks for comparing land use regimes, including a
characterization of the environmental, climate, health,
and economic benefits of different landscapes. DOE is
well-suited to develop these methodologies for adoption in
regulations and markets.
The limited supply of low-carbon, sustainable biomass
should be reserved for decarbonization of the highestvalue end uses in hard-to-electrify segments of the
economy (which does not include the power sector).
Bioproducts and algae-based fuels should be funded in
accordance with their ability to reduce GHG emissions
(compared with other land uses that maintain or enhance
terrestrial carbon, including enhancement of forest
carbon sinks) and based on the availability of sustainably
produced feedstocks.
No current or proposed legislation provides in-depth
authorizing language for federal bioenergy research.
NRDC encourages development of such language.
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Increase internal combustion engine efficiency
Develop weight- and drag-reduction technologies
Support EV charging infrastructure and EV grid
integration
Reduce transportation energy use through a systemslevel, multimodal focus

By most estimates, EVs will make up 5 percent to 10
percent of new light-duty vehicle sales by 2025. Although
Congress should take aggressive steps to increase this
number (through enactment of more-rigorous fuel
economy standards and more-generous EV purchase
incentives), we are likely to have combustion vehicles
on the roads for many more years. DOE must continue
to support combustion efficiency and electrification
initiatives in all classes of vehicles as part of a GHG
emissions reduction strategy. DOE should also continue
to pursue emissions-reducing measures such as reducing
vehicle weight and drag and increasing drivetrain
efficiency.
Interactions between the grid and EVs will also become
increasingly important. DOE has a role to play in
developing software, hardware, and protocols to manage
these interactions, along with faster, more available EV
charging infrastructure.
Vehicle sharing and connectivity, along with automation
and other systems-level concepts such as mode-shifting,
urban design, and driver behavior, will have important
effects on transportation energy use, which DOE should
research and seek to optimize.
DOE should continue to support EV battery recycling
efforts; address barriers to U.S. manufacturing of EV
batteries; seek alternative sources of lithium; and research
next-generation, beyond-lithium ion EV batteries.
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Increasing the efficiency of medium- and heavy-duty
vehicles will remain important, including short-haul
electrification and long-haul efficiency measures. Although
Congress should prohibit natural gas engine R&D for
light-duty vehicles because electric vehicles are providing
a cost-effective, zero-emission solution for this segment,
natural gas remains an important research area for the
medium- and heavy-duty vehicle segment.
S. 1085/H.R. 2170, the Vehicle Innovation Act of 2019,
encompasses many of these principles, although
authorized funding levels must be much higher than those
in the bill to match the scale of the vehicle innovation
challenge.

Hydrogen and Fuel Cells

DOE’s hydrogen and fuel cells portfolio should include
RDD&D to:
Reduce the cost and increase the performance,
efficiency, and durability of fuel cells, electrolyzers,
and associated hydrogen technologies

n



n



Reduce the cost and GHG emissions of hydrogen
(as well as ammonia and other carbon neutral fuel)
production and hydrogen systems components

Federal investment in end uses of hydrogen should be
particularly expanded for transportation subsectors for
which batteries are ill suited—such as medium- and heavyduty vehicles, aviation, maritime transport, and shipping.
R&D should expand to include potential applications in
other sectors, such as combustion of hydrogen for process
heat in the industrial sector, hydrogen for seasonal electric
grid storage, and hybrid electric power with hydrogenbased fuel cells.
Congress should authorize DOE to pursue other
carbon-neutral liquid fuels (e.g., ammonia, synthetic
hydrocarbons) and their conversion to electricity or
hydrogen.
Demonstration and deployment programs should include
a hydrogen refueling infrastructure that incorporates
the latest design and component innovations, as well as
programs that demonstrate hydrogen uses in the industrial
and power sectors.
DOE’s H2@Scale concept, which explores the potential
for wide-scale hydrogen production and adoption in the
United States to build resiliency in the power generation
and transmission sectors, frames the vision for hydrogen
and fuel cell applications and identifies research gaps and
pathways.
No current or proposed legislation provides in-depth
authorizing language for federal hydrogen and fuel cell
research. NRDC encourages development of such language.
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GRID MODERNIZATION

DOE’s grid modernization portfolio in the Office of
Electricity includes technology support for RDD&D for the
transmission grid, the distribution grid, energy storage,
and transformers and other advanced components. Each
corresponds to a distinct effort at DOE and is discussed
below.

Transmission Grid

DOE’s electric transmission portfolio should include
RDD&D to:
Develop and use advanced grid modeling and testing
tools to improve energy system resilience

n



n



n



n



Develop and deploy high-fidelity, low-cost transmission
grid sensors
Remove barriers to construction of long-distance
transmission corridors connecting renewable resources
with load centers
Improve power system protection devices

DOE support of improved modeling, sensing, and devices
for the transmission grid is helping increase utilization
factors and maintain grid reliability and resilience, even
as new trends such as renewable power integration and
the extreme weather associated with climate change add
complexity to operating the system.
In light of these challenges, advanced computing, new
software tools, and real-time data from a higher-resolution
sensor network could enable much better predictive
analyses for tomorrow’s grid.
Lowering power-sector carbon emissions will require a
transmission system that can move power from regions
with the greatest renewable potential to load centers and
balance renewable energy variability on a national level.
DOE can promote this by easing barriers to building new
transmission and by increasing the efficiency with which
we use existing infrastructure.
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No current or proposed legislation provides in-depth
authorizing language for federal transmission grid
research. NRDC encourages development of such language.

Distribution Grid

DOE’s electric distribution portfolio should include
RDD&D to:
Improve software applications and develop best
practices to optimize grid distribution systems and
improve planning

n



n



n



n



n

Support microgrid development
Develop software and protocols for real-time
dynamic locational pricing on the grid (transactive
energy concepts)
Develop and deploy high-fidelity, low-cost distribution
grid sensors
Improve power system protection devices


Once launched, DOE’s open-source grid platform (Grid
Apps-D) can accelerate development and deployment
of software applications to improve the planning and
functionality of the distribution grid. DOE should complete
this platform and fund development of software tools that
can operate on the platform.
In particular, the Grid Apps-D platform could help utilities
optimize operation of and investments in the distribution
grid, particularly as homes and businesses install
distributed renewable energy and energy storage, further
electrify, and connect more EVs.
Better pricing signals for consumers (alerting consumers
when electricity prices are high or low so they can adjust
their usage), enabled by transactive energy software and
protocols, can help improve the reliability of the grid and
reduce its carbon footprint.

Storing electricity for use at a later time improves grid
efficiency and creates new grid capabilities, including the
ability to reduce GHG emissions by displacing the need for
fossil-based power. Given the importance of storage to a
wide variety of energy applications, many offices in DOE
are supporting its development (e.g., Water Office leads on
pumped storage hydro, Vehicles Technology Office leads on
battery applications for EVs, Office of Electricity leads on
grid-scale electrical energy storage concepts). DOE should
reestablish a crosscutting initiative and team on electrical
energy storage RDD&D that brings together basic and
applied research offices.
Energy storage makes it easier and more cost effective
to integrate renewables into the grid by allowing for
variations in energy demand over the course of a day or,
potentially, between seasons. Improving energy storage is
critically important to combatting climate change.
S. 1602, the Better Energy Storage Technology Act of
2019, and S. 1593, the Promoting Grid Storage Act of 2019,
encompass many of these principles.

Transformers and Advanced Components

DOE’s transformer and advanced components portfolio
should include RDD&D to:
Support more-flexible, more-resilient large power
transformers

n



n



Improve other grid hardware (e.g., power flow
controllers, cables and conductors, protection
devices and switchgear) to improve grid control and
management

No current or proposed legislation provides in-depth
authorizing language for federal transformer and advanced
grid components research. NRDC encourages development
of such language.

No current or proposed legislation provides in-depth
authorizing language for federal distribution grid research.
NRDC encourages development of such language.

Energy Storage

DOE’s electric energy storage portfolio should include
RDD&D to:
Improve the performance and reduce the cost of gridscale energy storage systems (including long-duration
systems)

n



n



n



n



Increase industry acceptance of energy storage devices
Support regulators as they establish protocols for
energy storage deployment
Increase safety and support standards development
(including valuation frameworks) for storage
technologies
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Conclusion
The challenges associated with climate change are urgent,
immense, and frightening. To overcome them, every
individual and institution on the planet must respond
accordingly. As Americans, we already know the steps we
must take, starting with rapidly deploying the tools we
already have while developing a robust set of new policies
and technologies to reduce GHG emissions.
Congress can encourage the growth and deployment of
innovative new technologies by updating the responsibility
and authority of DOE to respond comprehensively to
climate change.
If we fail to implement an updated innovation plan at DOE,
we will miss the opportunity to channel federal investment
into the most crucial—and most promising—technology
solutions. We lose the chance to direct public funds and

DOE expertise toward crucial climate challenges of equity
and workforce development. We move forward with a
DOE that is limited in its application of demonstration and
deployment programs. In short, we gamble with our future,
hoping that DOE’s programs will somehow come together
to address problems they were not designed to address
and to develop technologies that do not fit into existing
frameworks.
If Congress instead updates DOE’s authorization and
doubles funding for federal energy innovation, it lays
the groundwork for comprehensive climate policy while
supporting home-grown entrepreneurs and businesses and
puts the United States in a position to lead the world in
reducing GHG emissions.
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