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THE STATUS AND OUTLOOK OF ENERGY
INNOVATION IN THE UNITED STATES

THURSDAY, FEBRUARY 7, 2019

U.S. SENATE,
COMMITTEE ON ENERGY AND NATURAL RESOURCES,
Washington, DC.

The Committee met, pursuant to notice, at 9:37 a.m., in Room
SD-366, Dirksen Senate Office Building, Hon. Lisa Murkowski,
Chairman of the Committee, presiding.

OPENING STATEMENT OF HON. LISA MURKOWSKI,
U.S. SENATOR FROM ALASKA

The CHAIRMAN. Good morning, everyone. The Committee will
come to order. It has been a busy week here on the Energy Com-
mittee with our Lands bill that is currently on the Floor. We had
a business meeting a couple days ago, and now we are here for our
second full Committee hearing. So we welcome those of you on the
panel this morning.

On Tuesday, we heard from those in the energy and minerals
market an overview looking at the current trends. Today we are
going to look at what is happening to drive the energy trends of
the future, what could be the next breakthrough energy technology.
We use the term “breakthrough” a lot. Let’s try to define that a lit-
tle bit this morning. We are also looking to how we can encourage
innovation that will deliver better, cleaner and cheaper energy for
American families and businesses.

Here in the United States we have long been on the cutting edge
of energy innovation. Whether the battle for electric current su-
premacy between Nicola Tesla and Thomas Edison, the invention
of the semiconductor or the revolution in hydraulic fracturing,
American ingenuity has led the way in global innovation, but we
want to continue to lead the way in global innovation.

Underpinning all these efforts is strong support for the basic
sciences and the people who dedicate their lives to furthering sci-
entific pursuits. The Department of Energy plays an outsized role
in pushing the limits of basic science, furthering discovery and
finding the breakthroughs that can change our energy future, and
they further leverage this by partnering with private industry and
the great researchers at our nation’s universities.

Our role here in the Congress is to help foster an environment
that encourages that innovation. Last Congress we enacted a num-
ber of important innovation policies into law, ones that promoted
a national quantum initiative, advanced nuclear energy and energy
efficiency. But looking forward, we also know that the energy chal-
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lenges facing us here in the United States and the world will re-
quire bigger, bolder, better, brighter, faster, smarter ideas.

I have often spoken about clean energy innovation policies as
“no-regrets” solutions, but in reality, these are just the first steps.
It is time to push hard to bring down the cost of clean energy, tech-
nologies like renewables, advanced nuclear and next-generation en-
ergy storage and carbon capture. If we want credible technological
solutions that are cost-effective and deployable globally and at
scale, we must ensure that the policies that we put in place propel
these forward.

I am pleased to welcome a very distinguished panel of witnesses
that we have before us. From the Department of Energy (DOE) we
have the Under Secretary for Science, Paul Dabbar. Thank you for
being here and for your work that you are doing to further the
basic science research and the innovation that goes on at the de-
partment. We appreciate that.

Next we have someone who is truly a friend of the Committee.
We have seen him in different capacities here. Secretary Moniz is
a former Secretary of Energy. We welcome you back to the Com-
mittee and appreciate the insight that you will provide and what
you will be able to share with us with this recent report that is out.
It was a pleasure to be able to visit with you and Mr. Yergin yes-
terday to get some of the low-down there. So thank you and wel-
come to the Committee.

We have Jay Faison who is with us this morning with ClearPath.
Jay has been a real leader in so many of these clean-energy solu-
tions and how we advance those benefits, so it is good to have you
back with us.

From the Council on Competitiveness, we welcome back its Presi-
dent and CEO, Deborah Wince-Smith. It is good to have you here.

Jason Grumet has, again, also been before the Committee many
times and is a good strong voice on so many of these issues, but
he is the President of the Bipartisan Policy Center.

And then finally from the fantastic little state—Senator Manchin
is always saying “my little State

Senator MANCHIN. Compared to Alaska.

The CHAIRMAN. ——of West Virginia.” Yes, we are good with
that. But it is wonderful to have you here, Mr. Wood. He is the In-
terim Director of the West Virginia University (WVU) Energy Insti-
tute. It is a pleasure to have you with us here this morning.

With that, I turn to my Ranking Member for any comments that
you may have.

OPENING STATEMENT OF HON. JOE MANCHIN III,
U.S. SENATOR FROM WEST VIRGINIA

Senator MANCHIN. Let me say thank you, Chairman Murkowski,
for convening this hearing to discuss how we develop, test and com-
mercialize breakthrough energy technologies and to have all of you.
This esteemed panel is really special.

This hearing is particularly important because innovation is a
critical piece of how the Committee can contribute to the pursuit
of technological energy manufacturing solutions that will help re-
duce carbon emissions and address climate challenges.
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The Breakthrough Energy Report that was released yesterday
has some ideas I think this Committee should consider. Senator
Murkowski and I had a robust discussion with Secretary Moniz
last night, and I look forward to continuing that today.

I am especially pleased to have my friend, Jim Wood, here from
the West Virginia University Energy Institute to talk about the
cutting-edge solutions that WVU is working on today. Much of
WVU'’s good work is in partnership with the National Energy Tech-
nology Lab, both mainstays in the Morgantown, West Virginia,
area and leaders in finding ways to burn coal and natural gas in
a cleaner, more efficient way. As I said in our last hearing, my
home state, my great little, compared to Alaska, home State of
West Virginia, is committed to solving the climate crisis. Break-
through technologies will help us reliably meet our energy needs in
the future while decarbonizing our energy system. Now as we think
about affordable and reliable electricity, we must acknowledge that
fossil fuels will continue to play an integral role in our electricity
generation. With that in mind, we need to prioritize the advance-
ment and commercialization of technologies, like carbon capture,
that we can employ both here at home and overseas.

In 2017, China and India used coal for 67 and 74 percent respec-
tively of their electricity needs. While I understand both countries
are taking steps to reduce emissions and add more renewable gen-
eration, fossil fuels are still a part of their future, and ours. By
2040, the International Energy Agency says China will still be
about 51 percent dependent on coal and India will be 57 percent.

Dr. Jesse Jenkins and Samuel Thernstrom recently wrote in the
New York Times that if we are going to decarbonize our economy,
we must do so with more than just wind and solar. They concluded
that it would be much cheaper to include so-called firm, low-carbon
technologies such as nuclear, carbon capture, or reliable renewables
like hydro than it would be to build a clean-energy system without
them.

So it is time to seek out practical solutions for emissions and
ways to strike the balance between energy, the environment, and
jobs. A large part of finding that balance is strengthening our in-
vestments in advanced R&D, which we will talk about today, for
carbon capture, utilization, and sequestration (CCUS) and making
coal plants more efficient. It also means investing in advanced
nuclear technologies that make the current nuclear fleet more cost-
effective while moving the ball forward on small modular reactors.
That is going to take a lot of private capital from leaders such as
Mr. Bill Gates, but it will also require even more leadership from
the Federal Government.

Then there is energy efficiency. As we heard from the panel at
Tuesday’s hearing, energy efficiency really is the low-hanging fruit.
The DOE estimates that efficiency improvements can save U.S.
consumers and businesses 741,000 gigawatt-hours of electricity be-
tween 2016 and 2035, which is equal to 16 percent of the electricity
used in 2035. That is a tremendous energy resource. That is a po-
tential cumulative savings of 6.5 gigawatts in my great little State
of West Virginia alone by 2035.

But it is not just about efficiency savings in buildings, it is about
what technologies will make electricity transmission in particular
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more reliable and more efficient. So I am interested to hear from
this panel on the level of investment there and what the ongoing
regulatory challenges are to reducing those losses in the line.

That brings me to storage. Whether we are talking about bat-
teries or pumped hydro, there is a lot of good work going on about
how we approach energy storage, but we do not have the magic an-
swer yet. So let’s talk about the timeline and how we get there and
how we can do it in the interim to ensure the lights stay on, homes
stay warm, and businesses keep running. We need cost-effective
technologies and solutions that make us productive and competitive
in a global market while allowing us to lead on climate solutions.

We have an esteemed panel here today, and we are eagerly wait-
ing to hear from you all to give us the answers we need.

Thank you very much.

The CHAIRMAN. Thank you, Senator Manchin.

I think we have introduced folks in terms of a little bit of your
background, so let’s just begin the testimony here this morning. We
will begin with you, Under Secretary Dabbar. I would ask that you
try to keep your comments to about five minutes. Your full state-
ments will be included as part of the record. Again, we are very,
very pleased to have such a well-rounded and distinguished panel.
Please proceed.

STATEMENT OF HON. PAUL M. DABBAR, UNDER SECRETARY
FOR SCIENCE, U.S. DEPARTMENT OF ENERGY

Mr. DABBAR. Thank you, Chairwoman Murkowski and Ranking
Member Manchin, for the opportunity to come and discuss the na-
tion’s energy innovation cycle.

Before I begin, I'd like to thank Secretary Moniz and Deputy Sec-
retary Poneman for their stewardship of the Department and the
national labs. The Department holds the legacy of innovation that
helped win World War II and the Cold War. Fermi and Lawrence,
Rickover and Oppenheimer combined brilliance with action. I sub-
mitted to this Committee a copy of the 75 Breakthroughs of Na-
tional Labs which summarizes some of the top innovations that
have come out of our national lab complex since their start.

We also submitted our new policy paper, American Scientific
Leadership for the 21st Century, and it’s also on the DOE website.
In it, we highlight our policy positions on execution and federal
support for discovery. We highlighted the six exciting areas which
have the possibility of truly transformative opportunities for hu-
mankind: artificial intelligence, quantum technologies, advanced
and sustainable energies, space and the universe exploration, ad-
vanced mobility, and genomics. Major breakthroughs in these areas
are in our grasp, and we are proud of the role the DOE has in ad-
vancing them. The American energy technology revolution driven
by the national labs, universities and the private sector has dra-
matically improved emissions, costs and energy production. There
has been significant increase in policy proposals as of late around
mandates and taxation to drive energy and emission goals. These
positions are being driven without full understanding that the labs
and the market have driven significant jumps in energy technolo-
gies. Wind turbine capacity factors have increased by more than 50
percent. Solar costs have dropped by more than 90 percent. Utility-



5

scale batteries are now cost competitive with gas turbines without
incentives. Gas turbine heat rates, which is an efficiency factor,
have dropped by more than 10 percent, and it’s hard to get thermo
to move 10 percent. Oil and gas cost improvements have dropped
prices by over 60 percent. Our costs, energy production and emis-
sions have dramatically improved because of American innovation
driven in part by broad bipartisan support for the national labs.

What is on the horizon for American innovation for energy? Re-
search will continue to deliver significant reductions to emissions
and costs. There will be significant jumps in technologies including
battery chemistries three to five times better than lithium-ion; car-
bon capture based on new materials; next generation nuclear; and,
distributed grid technologies. And there are three private fusion
companies looking to build their first power prototypes including
one that Secretary Moniz sits on the board of.

We are also committed to the policies that support commer-
cialization to combine the expertise of the labs with the energy of
the private sector to speed the movement of technologies to the
marketplace. For example, in November we launched the labora-
tory agreement and liability reform initiatives to streamline our
labs’ abilities to enter into partnering agreements. These will sig-
nificantly reduce the efforts for commercialization.

The DOE is co-leading the Administration’s lab-to-market goal
with the focus on reducing execution burdens, increasing private
sector engagement and building a more entrepreneurial workforce,
R&D workforce. We have designated the Director of the Office of
Technology Transitions as the Department’s Chief Commercializa-
tion Officer, which elevates the status of driving DOE technology.
We also just established a Research and Technology Investment
Committee implementing the requirements of the DOE Research
and Innovation Act that was passed this last year. This Committee
will convene R&D elements of the Department to coordinate re-
search priorities, cross-cutting opportunities and ensure the key de-
cisions are leveraged. These actions we just took are in alignment
with the Breakthrough Energy Report that was just submitted this
week.

Additionally, DOE has kicked off a series of summits called
InnovationXLab. The XLab summits increase lab engagement with
industry, investors and customers in which we both highlight the
research from the national labs that is approaching commercializa-
tion application but also hear from industry about its interest and
its investment criteria. In this way, we incorporate market pull as
an important part of our R&D planning portfolio.

As a part of this, I'd like to kindly ask the Committee for consid-
eration at one point around the leadership positions that are still
open for us as a Department. We very much appreciate the leader-
ship of this Committee on reviewing our nominees, but we still
have the heads of the Office of Science, ARPA-E, as well as General
Counsel on Nuclear Energy. We kindly ask for potential full Senate
consideration should the nominees be voted out of this Committee
again.

So thank you very much.

[The prepared statement of Mr. Dabbar follows:]
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STATEMENT BY
THE HONORABLE PAUL M. DABBAR
UNDER SECRETARY FOR SCIENCE
U.S. DEPARTMENT OF ENERGY
BEFORE THE
SENATE ENERGY AND NATURAL RESOURCES COMMITTEE
ON
THE STATE OF ENERGY INNOVATION
FEBRUARY 7, 2019

Thank you, Chairman Murkowski, Ranking Member Manchin, and Members of the Committee. |
am honored to discuss the state of our nation’s energy innovation.

Before I begin, T and the rest of the current DOE leadership team would also like to extend a
special thanks to Secretary Moniz, as well as Deputy Secretary Poneman, for their outstanding
leadership of the Department and their exceptional stewardship of our National Laboratories.
The National Laboratory Complex (Lab Complex) was created long before we were born, and
will continue long into the future after we are all gone. And it is incumbent upon us in
leadership to commit to these institutions, add to them, and help accomplish a part of their
lifetime of missions, and hand them off to the next leadership team a bit stronger. We say thank
you to the previous team, for the strong current state of the National Labs.

As Secretary Perry noted at Secretary Moniz’s portrait unveiling this past fall, from the first
Secretary of Energy James Schlesinger to Secretary Bill Richardson to today, this Department
has grown in stature and importance in serving our nation in driving innovation.

The Department’s innovation enterprise consists of more than 60,000 people in program offices,
across the Lab Complex, and among the researchers across the country at universities in all fifty
states supported by our grant programs. The Department has benefited from the bipartisan
support we have received for more than four decades.

The Department holds the legacy and mission-driven science and innovation that helped win
World War 11, and then helped keep the peace in the Cold War. Fermi and Lawrence, Rickover
and Oppenheimer, as well as the others who followed, were individuals who combined brilliance
with a bias for action. Their profound impact, beyond science and innovation, includes protecting
and strengthening the economic and national security of our nation.

Today, the talented and dedicated individuals who serve at the Department are proud to be part
of that tradition, and even prouder to still serve that mission. One of the most noteworthy
examples of the impact of our individuals is that the Lab Complex is the greatest generator of
Nobel Prize Laureates in the world, with over 40% of the prizes in physics, and over 25% of the
prizes in chemistry, awarded to people who have worked in our National Laboratories.
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This last week, I posted our policy paper, “American Scientific Leadership in the 21" Century,”
and we submitted that paper also to this Committee for this hearing. In it, we highlight the
importance of federal support for science and innovation, as well as our focus areas for FY 2019.
1 also submitted to this Committee a copy of the “75 Breakthroughs” of the DOE National
Laboratories that summarizes some of the world’s top innovations discovered or supported by
our National Laboratories.

1 will identify six areas of special interest today: Artificial Intelligence, Quantum Technologies,
Advanced and Sustainable Energies, Space and the Universe Exploration, Advanced Mobility,
and Genomics. And we at the Department, with your significant support over the years, are
taking a lead on all six of these areas.

Within the areas of innovation, I will segment our research into two areas: Applied Energy and
Science, and discuss some of our innovation research efforts.

Applied Energy:

The American energy revolution, driven by the National Laboratories, universities, and the
private sector, has dramatically improved emissions, costs, and energy production in the last
decade. And this technology revolution is based on American innovation.

In the last decade, there has been a significant increase in public policy proposals with mandates
or taxation for energy to drive energy and emissions goals. These positions are being driven
without full understanding that there has been a very significant jump in energy technologies.

The following are some of the dramatic technology jumps that have occurred in the past decade:
- Wind turbine capacity factors have increased by more than 50%!
- Solar all-in production costs have dropped 90%2
- Utility-scale batteries are now cost competitive with natural gas turbines®

Our costs, energy production, and emissions rates, have dramatically improved because of
American technology innovation, driven by broad bipartisan support for federal research at the
National Laboratory Complex, as well as in academic institutions and the private sector.

What is on the horizon for American Innovation for energy?
We believe that U.S. scientific research will continue to deliver significant reductions to

emissions and costs as replacement cycles drive modification or replacement of older plants with
newer technologies, whether in fossil, nuclear, or renewables.

! hitps.//www.energy. govieere/wind/downloads/201 7-wind-technologies-market-report

2 https://www.seia.org/research-resources/solat-market-insight-report-2018-q4

3 Vistra West Texas battery, 375-megawatt Visra Moss Landing battery, 182.5-megawatt Tesla Moss Landing
battery
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There will be significant jumps in new energy technologies, such as new battery chemistries
three to five times better than lithium ion, carbon capture based on just-developing new
materials, and next generation nuclear. New distributed grid technologies to integrate these are
moving fast. And we expect to become a net energy exporter, and expand our leadership in
energy technologies globally.

Battery storage is a great example of a key technology that millions of people see, need, and
want to use.

Increasing electric vehicle ranges, portable device battery lives, and optimal use of renewable
and fossil power sources — such as harvesting daytime solar power for use through the night — are
possible with improved chemistry, materials, and manufacturing processes that DOE’s National
Laboratories are pursuing.

Battery recycling also gives us an opportunity. Lithium-ion batteries are currently collected and
recycled at a rate of less than five percent, which is why we recently announced the launch of a
Lithium-lon Battery Recycling Prize and the establishment of an associated Battery Recycling
R&D Center. Through those efforts, we hope to profitably capture 90 percent of all lithium-
based technologies in the United States, making an impact not just in battery storage but also
critical materials.

Twould like to highlight renewables and grid modernization, as a second area of Applied Energy
high-impact research.

Grid modernization was the focus of our most recent Innovation XLab event, and with our
National Laboratories, we’re conducting innovative research and development designed to move

us toward a stronger, more reliable North American energy system.

There are five priorities driving those grid modernization efforts:

1. Developing a dynamic North American Energy Resilience Model to understand risks to
infrastructure and identify potential investments to be made by asset owners;

2. Exploring opportunities to improve the resilience of the transmission assets that feed
critical sectors, particularly for defense-related infrastructure;

3. Supporting the development of sensor technologies that will allow system operators and
utilities to anticipate, identify, and respond to issues on the grid more quickly;

4. Advancing grid-scale storage technology megawatt-scale storage capable of supporting
regulation, ramping and energy management for bulk and distribution power systems; and

5. Helping Puerto Rico and the U.S. Virgin Islands in their efforts to improve the long-term

recovery and resilience of their electric infrastructure.

W
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We also recently announced $40 million in funding for the Grid Modernization Initiative, to
develop technology innovations to modernize the nation’s grid and ensure that it remains
resilient, reliable and secure.

Renewables are an essential and growing part of our nation’s energy portfolio. They increase our
energy diversity and grid resiliency. That’s why renewables, along with energy storage and
energy efficiency, are critical elements of our overall energy and economic strategy.

The Office of Energy Efficiency and Renewable Energy is also making advances in a number of
critical areas at the grid edge, including energy storage, the integration of distributed energy
resources, and behind-the-meter systems.

Science Innovation:

Innovation begins with discovery. New energy technologies have their root in basic science. A
strong, continued effort in basic science is essential to fuel technology development and keep the
engine of innovation running. America’s leadership in basic science remains a cornerstone of
our security and prosperity.

Through the Office of Science, the Department of Energy is the largest federal sponsor of
research in the physical sciences. The DOE Office of Science also is the lead federal agency for
basic energy research.

In recent years, the DOE Office of Science has sought to accelerate energy innovation by
developing new modalities for sponsoring research, which have resulted in successful programs
such as the DOE Energy Frontier Research Centers, the DOE Energy Innovation Hubs, and the
DOE Bioenergy Research Centers.

The key to the approach is assembling as a virtual center a multidisciplinary team of researchers
from multiple institutions dedicated to making rapid progress in a particular area—and providing
proactive oversight of the effort to ensure success. The goal of this team-building is to create a
whole that is greater than the sum of its parts.

In addition, these effort are explicitly designed to bridge the usual gap between science and
technology by being ever alert to discoveries in basic science that are ripe for technology
development and commercialization—and by facilitating the latter through patent applications.
As a result, in addition to producing multiple discoveries and breakthroughs in basic science,
these programs have generated substantial intellectual property.

In all, these efforts have been enormously productive, producing thousands of peer reviewed
publications as well hundreds of inventions at various stages of the patent process.
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A second major contribution of DOE’s Office of Science is the array of major scientific user
facilities at the DOE National Laboratories, which forms part of the backbone of the nation’s
scientific infrastructure.

DOE supercomputers have recently dominated the headlines. High performance computing has
become an enormous powerful tool of both scientific discovery and industrial innovation. The
Department of Energy leads the world in high performance computing for science and industry.

Today the U.S. owns five of the top ten supercomputers in in the world, include the #1 and #2
systems, and all five of those U.S. machines are at the DOE National Laboratories.

In addition to the supercomputers, there are the five x-ray light sources—the Linac Coherent
Light Source and Stanford Synchrotron Radiation Light Source at SLAC National Accelerator
Laboratory; the Advanced Light Source at Lawrence Berkeley National Laboratory; the
Advanced Photon Source at Argonne National Laboratory; and National Synchrotron Light
Source 1I at Brookhaven National Laboratory. These have become indispensable instruments
for materials science and chemistry as well as biology, medicine, and pharmaceutical discovery.

They, too, are a major source of innovation, as are our neutron scattering facilities and our
Nanoscale Science Research Centers.

We are laying the groundwork for a new bio-economy in which a range of environmentally
friendly fuels and other products will be produced using engineered microbes and renewable
plant feedstocks. A key to that effort is the DOE Joint Genome Institute at LBNL, the world’s
largest genomic sequencing center for microbes and plants related to energy.

It may be recalled the original idea and impetus for the Human Genome Project came from the
Department of Energy, and we continue to be a leader in advancing the science of genomics.

Let me discuss one of these Science Innovations in more detail. Quantum technologies to use the
basic theories of quantum mechanics for practical information technology solutions has the real
chance of transforming the world, and the National Labs are a key part of U.S. current leadership
in this area.

When I testified to this Committee this past September, I noted that Quantum Information
Science (QIS) will not only open new vistas for science and technology development, it will also
open new commercial markets. There are three areas of applications for QIS: computing,
networking, and sensing. Each of these areas can have major jumps in performance as a result of
quantum technologies.

The Office of Science has had a significant role in many aspects of QIS research and
development. This includes work in basic quantum science, including materials synthesis and
processing, instrumentation for quantum control, and theory and modeling of quantum
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entanglement. It also includes work on quantum devices and systems including qubit
technologies, quantum sensors and detectors, novel architectures for quantum computing
technologies, software implementation and reliability and quantum networks.

On the last point, I would note that Argonne and Fermilab, along with Caltech, the University of
Chicago and the University of llinois at Urbana-Champaign, are deeply engaged in quantum
networking research and development in Chicago. A number of projects are underway there,
including a DOE-supported effort to create the Quantum Link, the world’s first entangled
quantum network, between Argonne and Fermilab.”

That network will ultimately teleport information across the 30-mile distance between the two
labs, and is expected to be among the longest in the world to send secure information using
quantum physics. It offers a completely new way to send information and will be a testbed for
developing the science and technology for new quantum possibilities.

This past September, we also announced $218 million in funding for 85 research awards in
Quantum Information Science. Scientists at 28 institutions of higher learning and nine DOE
National Laboratories developed hardware and software for a new generation of quantum
computers, which will synthesize and characterize new materials with special quantum properties
and probe how quantum computing and information processing can provide insights into dark
matter and black holes.

Finally, I’d also like to acknowledge the National Quantum Initiative Act that the Congress
passed and the President signed into law this past December. Through that measure, we’ll work
with our partners across the federal government to further the frontiers of QIS research and
technology and scientific development. We are grateful for your confidence and recognize what
it means, in innovation as well as in staying ahead of our competitors overseas.

Innovation Commercialization Efforts:

We are also committed to developing and promulgating policies that support innovation and
commercialization -- policies that combine the expertise and capabilities of the National
Laboratories with the energy and ideas of the private sector in order to foster commercialization
and speed the movement of products from the bench to the marketplace.

For example, we’ve taken a number of approaches to increasing the impact of CRADAs,
Cooperative Research and Development Agreements and SPPs, Strategic Partnership Projects.

This past November, we announced the approval of the Laboratory Agreement Processing
Reform initiative, which is designed to streamline the ability of contractors at our National Labs
to enter into certain lab partnering agreements within a DOE-approved portfolio of routine work.
We anticipate that this will significantly reduce the processing time for agreements, enabling the
National Laboratories to concentrate on more complex, potentially higher-impact transactions.

6
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At the same time, we also announced a Liability Reform initiative, which provides more
flexibility for the Labs to address indemnity requirements. Indemnity requirements are a
common barrier to engagement with the private sector, so we anticipate that this Liability reform
will increase the ability of potential partners to work with the National Laboratories by tailoring
associated risk to specific circumstances.

Building on a pilot launched under the previous Administration, in late 2017, we made
permanent Agreements for Commercializing Technology (ACT), a tool that allows the National
Laboratories to be more flexible in working with industry on research and technology projects.
We’ve also expanded the use of ACTs by authorizing a new pilot program called FedACT. This
program extends the benefits of ACT to those who wish to partner with DOE’s National Labs on
federally-funded projects.

DOE is leading the Administration’s Lab-To-Market CAP Goal in the President’s Management
Agenda as co-chair of the interagency committee, by focusing on reducing regulatory and
administrative burdens through greater clarity and consistency; increasing private sector
engagement through agile, streamlined partnering and licensing agreements based on best
practices; and building a more entrepreneurial R&D workforce by leveraging entrepreneurship
programs that represent best practices and better managing conflicts of interest.

The Administration, led by the Department of Commerce’s National Institute of Standards and
Technology, recently released a draft Green Paper detailing 15 key actions to modernize the U.S.
system of technology transfer and innovation to meet America’s economic and national security
needs for the 21% Century. DOE is working closely with NIST and other partners on this
important effort.

In addition, we have designated the Director of the Office of Technology Transitions as the
Department’s Chief Commercialization Officer. Led by the Chief Commercialization Officer, the
office will have elevated status and visibility in driving and promoting DOE technology,
showcasing our capabilities and facilities, and increasing the impact of our investments. They
will continue to oversee OTT’s Partnerships and Investment outreach team, the Technology
Commercialization Fund, the Technology-to-Market program, and the coordination of
technology transfer activities and best practices across the DOE complex.

Just last month, DOE established a Research and Technology Investment Committee (RTIC)
following requirements of the DOE Research and Innovation Act that became law last fall. The
purpose of the RTIC is to convene key elements of the Department that support research and
development activities to share and coordinate their strategic research priorities, identify
potential cross-cutting opportunities in both basic and applied science and technology, and
ensure key upcoming decisions are effectively leveraged.
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Additionally, DOE has kicked off a new series of Summits called Innovation XLab, the most
recent of which was on Grid Modernization, as I mentioned earlier. The XLab Summits are
designed to increase the engagement of the National Labs with the private sector on high-impact,
and potentially transformative, innovations and technologies.

Innovation XLab Summits facilitate a two-way exchange of information and ideas between
industry, universities, investors and customers with innovators and experts at DOE and our
National Labs. We both highlight research from the laboratories that is approaching commercial
application and, just as importantly, hear from industry about its current and emerging technical
challenges, risk appetite, and investment criteria.

In this way, DOE incorporates “market pull” as an important input into our R&D portfolio
planning. This is already leading to promising connections to ensure our economic and energy
dominance. Our first XLab Summit highlighted energy storage technology, and our second
addressed grid planning, cyber and behind-the-meter technology. We will be hosting future
events on advanced manufacturing, genomics, and other topics.

OTT also recently launched the Lab Partnering Service, or LPS. The LPS is an online, single-
access platform for investors, innovators and institutions, enabling them to locate and obtain
information from and easily contact our 17 National Labs regarding research, capabilities and
intellectual property. It represents a significant step in reducing barriers that often limit investors
from partnering with our Labs, in consolidating information and increasing access, and in
encouraging industry and academia to fully use our world-class resources.

These activities represent only a small portion of our efforts in innovation at the Department of
Energy. And this New Year, this new Congress offers new duties, new possibilities, and new
opportunities.

We are determined to make the most of them.

As our predecessors have shown the way, we are determined to tead the Department of Energy in
making an impact in science and security, in innovation and commercialization. Above all, we

are committed to our mission, and to renewed service to our nation.

Thank you, and I look forward to answering your questions.
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have been changing and improving the lives of millions of people for more than 75 years. Born

at a time when the world faced a dire threat, the laboratories came together to advance science,
safeguard the nation and protect our freedoms for generations to come. This network of Department
of Energy Laboratories has grown into 17 facilities, working together as engines of prosperity and
invention. As this list of breakthroughs attests, Laboratory discoveries have spawned industries,
saved lives, generated new products, fired the imagination and helped to reveal the secrets of

the universe. Rooted in the need to serve the public good and support the global community,

the National Laboratories have put an American stamp on the last century of science. With equal
ingenuity and tenacity, they are now engaged in innovating the future.

w W

w oW

At America s National Laboratories, we 've. . .

Advanced
supercomputing
The National Labs
operate some of

the most significant
high performance
computing resources
available, including
32 of the 500 fastest supercomputers in the world.
These systems, working at quadrillions of operations
per second, model and simulate complex, dynamic
systems — such as the nuclear deterrent —that

would be too expensive, impractical or impossible to
physically demonstrate. Supercomputers are changing
the way scientists explore the evolution of our
universe, climate change, biological systems, weather
forecasting and even renewable energy.

Decoded DNA

In 1990, the National Labs joined with the National
Institutes of Health and other laboratories to kick
off the Human Genome Project, an international
collaboration to identify and map all of the genes of
the human genome.

Brought the web to
the United States
National Lab scientists,
seeking to share
particle physics
information, were first
to install a web server
in North America,
kick-starting the development of the worldwide
web as we know it,

Put eyes in the sky

Vela satellites, first launched in 1963 to detect
potential nuclear detonations, transformed the
nascent U.S. space program. The satellites featured
optical sensors and data processing, logic and power
subsystems designed and created by National Labs.

Revolutionized
medical diagnostics
and treatment
Researchers at the
National Labs helped
to develop the field
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of nuclear medicine, producing radioisctopes to
diagnose and treat disease, designing imaging
technology to detect cancer and developing software
to target tumors while sparing healthy tissue.

Powered NASA spacecraft

The National Labs built the enclosure for the
radioisotope thermoelectric generators that fuel
crafts such as Cassini and have begun producing
plutonium-238 for future NASA missions.

Harnessed the power of the atom

National Lab scientists and engineers have led the
world in developing safe, efficient and emissions-
free nuclear power. Starting with the first nuclear
reactor to generate electricity, National Labs have
been the innovation engine behind the peaceful
use of nuclear energy. Today’s labs are supporting
the next generation of nuclear power that will be
available for the nation and world.

Brought safe water to millions

Removing arsenic from drinking water is a global
priority. A long-lasting particle engineered at a
National Lab can now do exactly that, making
contaminated water safe to drink. Another technology
developed at a National Lab uses ultraviolet light to
kill water-borne bacteria that cause dysentery, thus
reducing child mortality in the developing world.

Filled the Protein Data Bank

National Lab X-ray facilities have contributed a large
portion of more than 100,000 protein structures in
the Protein Data Bank. A protein’s structure reveals
how it functions, helping scientists understand how
tiving things work and develop treatments for disease.
Almost all new medications that hit the market start
with these data bank structures.

Invented new materials
National Labs provide the theory, tools and
techniques that offer industry revolutionary materials

such as strong, lighter-weight metals and alloys that
save fuel and maintenance costs and enable cleaner,
more efficient engines.

Found life’s
mystery
messenger

National Lab scientists
discovered how
genetic instructions
are carried to the cell’s
protein manufacturing
center, where all of life’s processes begin. Subsequent
light source research on the genetic courier, called
messenger RNA, has revealed how the information is
transcribed and how mistakes can cause cancer and
birth defects.

Mapped the universe — and the dark side of
the moon

Credit for producing 3D maps of the sky — and 400
mitlion celestial objects — goes to National Lab
scientists, who also developed a camera that mapped
the entire surface of the moon.

Shed light on photosynthesis
Ever wonder how plants turn sunlight
into energy? National Lab
scientists determined the
path of carbon through
photosynthesis, and today
use X-ray laser technology to
reveal how each step in the process
is triggered by a single particle of light.
This work helps scientists explore new ways to get
sustainable energy from the sun.

Solved cultural mysteries

The works of ancient mathematician Archimedes —
written over by medieval monks and lost for millennia
— were revealed to modern eyes thanks to the

X-ray vision and light-source technology at National
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Labs. These studies also have revealed secrets of
masterpiece paintings, ancient Greek vases and
other priceless cultural artifacts.

Revolutionized accelerators

A National Lab built and operated the first large-
scale accelerator based on superconducting
radio frequency technology. This more efficient
technology now powers research machines for
exploring the heart of matter, examining the
properties of materials and providing unique
information about the building blocks of life.

Revealed the secrets of matter

Protons and neutrons were once thought to be
indivisible. National Lab scientists discovered that
protons and neutrons were made of even smaller
parts, called quarks. Over time, experimenters
identified six kinds of quarks, three types of
neutrinos and the Higgs particle, changing our
view of how the material world works.

Confirmed the Big Bang and discovered
dark energy

National Lab detectors aboard a NASA satellite
revealed the birth of galaxies in the echoes of the
Big Bang. Dark energy — the mysterious something
that makes up three-quarters of the universe and
causes it to expand at an accelerating rate — also
was discovered by National Lab cosmologists.

Discovered 22
elements

The periodic
table would be
smaller without
the National
Labs. To date
the National
Labs have discoverad: technetium, promethium,
astatine, neptunium, plutonium, americium,
curium, berkelium, californium, einsteinium,
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fermium, mendelevium, nobelium, lawrencium,
rutherfordium, dubnium, seaborgium, flerovium,
maoscovium, livermorium, tennessine and
oganesson,

Made refrigerators cool

Next-generation refrigerators will likely put the
freeze on harmful chemical coolants in favor of an
environmentally friendly alloy, thanks to National
Lab scientists,

Got the lead out

Removing hazardous lead-based solders from the
environment is a reality thanks to a lead-free alloy
of tin-silver-copper developed at a National Lab. The
lead-free solder has been licensed by more than 60
companies worldwide.

Invented a magic
sponge to clean
up oil spills
National Lab
scientists used a
nano technique

to invent a new
sponge that can
absorb 90 times
its own weight in oil from water. it can be wrung
out to collect the oil and reused hundreds of
times — and it can collect oil that has sunk below
the surface, something previous technology
couldn’t do.

Added the punch to additive manufacturing
High-pressure gas atomization processing
pioneered at a National Lab made possible the
production of titanium and other metal-alloy
powders used in additive manufacturing and
powder metaliurgy.

Created inexpensive catalysts
Low-cost catalysts are key to efficient biomass
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refining. National Lab scientists created catalysts that
are inexpensive and stable for biomass conversion.

Created high-tech coatings to reduce friction
National Lab scientists created ways to reduce wear
and tear in machines from table fans to car engines

all the way up to giant wind turbines, such as a
diamond-like film that rebuilds itself as soon as it
begins to break down — so that engines last longer
and need fewer oil additives.

Put the joltin
the Volt

Chevy’s VoIt would
not be able to cruise
on battery power
were it not for the
advanced cathode
technology that emerged from a National Lab. The
same technology is sparking a revival of America’s
battery manufacturing industry.

Cemented a new material

National Lab scientists have developed a novel
and versatile material that blends properties

of ceramic and concrete to form a non-porous
product that can do everything from seal oil wells
to insulate walls with extra fire protection. It even
sets in cold weather.

Pioneered efficient power lines

New kinds of power lines made from superconductors
can carry electric current with no energy loss. Now
deployed by National Lab scientists, these prototypes
could usher in a new era of ultra-efficient power
transmission.

Made early universe quark soup

National Lab scientists used a particle collider
to recreate the primordial soup of subatomic
building blocks that last existed shortly after
the Big Bang. The research is expanding

scientists’ understanding of matter at extreme
temperatures and densities.

Levitated trains
with magnets
Say goodbye

to traffic jams.
National Lab
scientists
developed a
technology that uses the attractive and repulsive
forces of magnets to levitate and propel trains.
Maglev trains now ferry commuters in Japan and
China and will be operational in other countries
soon.

Developed efficient burners

National Lab researchers developed cleaner-
combusting oil burners, saving consumers more
than $25 billion in fuel costs and keeping more
than 160 megatons of carbon dioxide out of
Earth’s atmosphere.

Improved automotive steel

A company with National Lab roots is pioneering
a metal that weighs significantly less than regular
steel, retains steel’s strength and malleability and
can be fabricated without major modifications to
the automotive manufacturing infrastructure.

Looked inside weapons

National Lab researchers created a device that
could identify the contents of suspicious chemical
and explosive munitions and containers, while
minimizing risk to the people involved. The
technology, which quickly identifies the chemical
makeup of weapons, has been used to verify
treaties around the world.

Pioneered nuclear safety modeling
National Lab scientists began developing the
Reactor Excursion and Leak Analysis Program
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{RELAP) to mode! nuclear reactor coolant and
core behavior. Today, RELAP is used throughout
the world and has been licensed for both nuclear
and non-nuclear applications, including modeling
of jet aircraft engines and fossil-fuel power plant
components.

identified good and bad cholesterol

The battle against heart disease received a boost in
the 1960s when National Lab research unveiled the
good and bad sides of cholesterol. Today, diagnostic
tests that detect both types of cholesterol save lives.

Unmasked a
dinosaur killer
Natural history’s
greatest whodunit
was solved in

1980 when a team
of National Lab
scientists pinned the dinosaurs’ abrupt extinction on
an asteroid collision with Earth. Case closed.

Pitted cool roofs against carbon dioxide
National Lab researchers and policy experts led the
way in analyzing and implementing cool roofing
materials, which reflect sunlight, lower surface
temperature and slash cooling costs.

Squeezed fuel from microbes

in a milestone that brings advanced biofuels one step
closer to America’s gas tanks, National Lab scientists
helped develop a microbe that can produce fuel
directly from biomass.

Tamed hydrogen with nanoparticies

To replace gasoline, hydrogen must be safely stored
and easy to use, which has proven elusive, National
Lab researchers have now desighed a new pliable
material using nanoparticles that can rapidly absorb
and release hydrogen without ill effects, a major step
in making fuel-cell powered cars a commercial reality.

Exposed the risk

You can sleep easier thanks
to National Lab research that
quantified the health risk
posed by radon gas in parts
of the country. Subsequent
EPA standards, coupled with
radon detection and mitigation e

measures pioneered by a National Lab research team,
prevent the naturally occurring gas from seeping into
basements, saving thousands of lives every year.

Created a pocket-sized DNA sampler

A tool that identifies the microbes in air, water and
soil samples is fast becoming a workhorse in public
health, medical and environmental cleanup projects.
Developed by National Lab scientists, the credit-card-
sized device pinpoints diseases that kil coral reefs and
catalogs airborne bacteria over U.5. cities. it also was
used to quickly categorize the oil-eating bacteria in
the plumes of the Deepwater Horizon spill.

Fabricated the smallest machines

The world’s smallest synthetic motors — as well
as radios, scales and switches that are 100,000
times finer than a human hair — were engineered
at a National Lab. These and other forays

into nanotechnology could lead to life-saving
pharmaceuticals and more powerful computers,

Preserved the sounds
of yesteryear

National Lab scientists
engineered a high-tech way
to digitally reconstruct aging
sound recordings that are
too fragile to play, such as
Edison wax cylinders from
the late 1800s. Archivists
estimate that many of the millions of recordings in
the world’s sound archives, including the U.S. Library
of Congress, could benefit from the technology.
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Exposed explosives

A credit-card sized detector developed by
National Lab scientists can screen for more

than 30 kinds of explosives in just minutes. The
detector, called ELITE, requires no power and is
widely used by the military, law enforcement and
security personnel.

Toughened
airplanes

A National Lab and
industry technique
for strengthening
metal by bombarding
it with laser pulses
has saved the aircraft
industry hundreds of
millions of dollars in engine and aircraft maintenance
expenses.

Simulated reality

Trains, planes and automobiles — and thousands
of other objects — are safer, stronger and better-
designed thanks to computer simulation software,
DYNA 3D, developed by National Lab researchers.

Detected the neutrino

Starting with the Nobel-Prize winning discovery
of the neutrino in 1956 by Fred Reines and Clyde
Cowan Jr,, National Lab researchers have made
numerous contributions to neutrino physics and
astrophysics.

Discovered gamma ray bursts

Sensors developed at the National Labs and placed
aboard Vela satellites were used in the discovery of
gamma-ray bursts (GRBs) in 1973. GRBs are extremely
energetic explosions from distant galaxies. Scientists
believe that most of these bursts consist of a narrow
beam of intense radiation released when a rapidly
rotating, high-mass star collapses to form a neutron
star, a quark star or a black hole.

Created the first 100-Tesla magnetic field
National Lab scientists achieved a 100.75-Tesla
magnetic pulse in March 2012, setting a world record.
The pulse was nearly 2 million times more powerful
than Earth’s magnetic field. The 100-Tesla muiti-shot
magnet can be used over and over again without
being destroyed by the force of the field it creates,
and produces the most powerful non-destructive
magnetic field in the world.

Froze smoke for
hot uses

National Labs
researchers
perfected aerogels,
known as frozen
smoke. They are
one of the lightest solids ever made and have the
highest heat resistance of any material tested. They
also are fireproof and extraordinarily strong —

able to support more than a thousand times their
own weight. As a result of their heat resistance,
aerogels are outstanding candidates for insulation
in buildings, vehicles, filters and appliances.

Invented the cell sorter

During the 1960s, a National Lab physicist invented

a “cell sorter” — a novel device that works much like
an ink jet printer, guiding a tiny flow of cell-containing
droplets so cells of interest can be deflected for
counting and study. Cell sorters are a vital tool for
studying the biochemistry behind many diseases,
including cancer and AIDS.

Ushered a domestic energy renaissance
National Lab research jump-started the shale gas
revolution by pointing the way to key technologies and
rmethodologies for cost efficient extraction. An estimated
$220 million in research and development expenditures
on unconventional gas R&D from 1976 to 1992 have
resulted in an estimated $100 billion in annual economic
activity from shale gas production alone.
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Enabled space
exploration
National Labs
invented
Laser-Induced
Breakdown
Spectroscopy
(LIBS), the
backbone of the device that allowed the Curiosity
Rover to analyze material from Mars. Lab researchers
also found the right combination of materials to
make high-efficiency solar cells for spacecraft.

Sharply
curtailed
power plant air
emissions
National Lab
scientists
introduced some 20 innovative technologies —
such as low nitrogen oxide (NOx) burners, flue
gas desuifurization (scrubbers) and fluidized

bed combustion — through the Clean Coal
Technology Development Program that have
deeply penetrated the marketplace, substantially
controlled harmful power plant emissions and
benefited energy production and air quality.

Made wind power mainstream

Increasing wind turbine efficiency with high
efficiency airfoils has reduced the cost of wind
power by more than 80 percent over the last 30
years. Now deployed in wind farms nationwide,
these turbines owe their existence to National Lab
research.

Engineered smart windows

National Lab scientists have created highly
insulated windows that change color to modulate
interior temperatures and lighting. If broadly
installed, they could save about 5 percent of the
nation’s total energy budget.

Delivered

troops safely
National Lab
researchers have
developed computer
models that effectively
manage the complex
logistical tasks of deploying troops and equipment to
distant destinations.

Channeled chips and hips

Integrated circuits and artificial hips owe their success
to a National Lab discovery that revealed how to
change a material by injecting it with charged atoms,
called ions. fon channeling is now standard practice in
industry and science.

Made 3D printing bigger and better

A large-scale additive manufacturing platform
developed by a National Lab and an industry
partner printed 3D components 10 times larger
and 200 times faster than previous processes,
So far, the system has produced a 3D-printed
sports car, SUV, house, excavator and aviation
components.

Purified vaccines
National Lab researchers
adapted nuclear separations
technology to develop a
zonal centrifuge used to
purify vaccines, which
reduces or eliminates
unwanted side effects.
Commercial centrifuges
based on the invention produce vaccines for millions
of people.

Built 3 better building

A National Lab has built one of the world’s most
energy efficient office buildings. The facility,
operating as a living laboratory at a lab site, uses 50
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percent less energy
than required by
commercial codes
and only consumes
energy produced by
renewable power
on or near the
building.

Improved airport security

Weapons, explosives, plastic devices and other
concealed tools of terrorists are easier to detect
thanks to technology developed at a National Lab
and now installed in airports worldwide.

Improved grid resiliency

A National Lab created an advanced battery that
can store large amounts of energy from intermittent
renewable sources — such as wind and solar

— onto the power grid, while also smoothing

over temporary disruptions to the grid. Several
companies have licensed the technology and offer it
as a commercial product.

Solved a diesel dilemma

A National Lab insight into how catalysts behave
paved the way for a new, "lean-burn” diesel engine
that met emissions standards and improved fuel
efficiency by 25 percent over conventional engines.

Harvested energy from air

A miniature device — commercialized by private
industry after a National Lab breakthrough —
generates enough power from small temperature
changes to power wireless sensors or radio frequency
transmitters at remote sites, such as dams, bridges
and pipelines.

Gone grid friendly

Regulating the energy use of household appliances —
especially at peak times — could stash energy demand
and aveid blackouts. A National Lab appliance-control

device senses grid stress and responds instantly
to turn off machines and reduce end-use demand,
balancing the system so that the power

stays on.

Put the digital
in DVDs

The optical

digital recording
technology behind
music, video

and data storage

originated ata
National Lab nearly
40 years ago.

Locked nuclear waste in glass

Disposal of U.5. Cold War waste is safer thanks to
National Lab scientists who developed and deployed
a process to lock it into glass to keep it from leaching
into the environment.

Cleaned up
anthrax
Scientists at a
National Lab
developed a non-
toxic foam that
neutralizes chemical
and biological
agents. This foam
was used to clean up congressional office buildings
and mail rooms exposed to anthrax in 2001,

Removed radiation from Fukushima
seawater

After a tsunami damaged the Fukushima Dalichi
nuclear power plant in 2011, massive amounts of
seawater cooled the reactor. A molecular sieve
engineered by National Lab scientists was used to
extract radioactive cesium from tens of millions of
gallons of seawater.




Sped up Ebola
detection

In 2014,
researchers

from a National
Lab modeled

the Liberian

lood sample transport system and made
ecommendations to diagnose patients quicker. This
ninimized the amount of time people were walting
ogether, reducing the spread of Ebola.

*revented unauthorized use of a nuclear
veapon

n 1960, National Lab scientists invented coded
lectromechanical locks for all U.S. nuclear weapons.
“he switch blocks the arming signal until it receives
he proper presidential authorization code.

aunched the LED lighting revolution

n the 1990s, scientists at a National Lab saw the

1eed for energy-efficient solid-state lighting and
vorked with industry to develop white LEDs. Today,
vhite LEDs are about 30 percent efficient, with the
otential to reach 70 percent to 80 percent efficiency.
‘luorescent lighting is about 20 percent efficient and
ncandescent bulbs are 5 percent.

viastered the art of artificial photosynthesis
{ational Lab scientists engineered and synthesized
nulti-layer semiconductor structures in devices

hat directly convert sunlight to chemical energy in
wdrogen by splitting water at efficiencies greater

than 15 percent. This direct conversion of sunlight
to fuels paves the way for use of solar energy in
applications beyond the electrical grid.

Advanced fusion
technology

From the first
fusion test reactor
to briefly produce
power at the
megawatt scale,
and the world’s
largest and most energetic laser creating exireme
conditions mimicking the Big Bang, the interiors of
planets and stars and thermonuclear weapons, to
the international experiment to generate industrial
levels of fusion energy from burning plasmas,
fusion science and applications are advancing
because of the National Labs,

Made the first
molecular movie
National Lab scientists
have used

ultrafast X-rays to
capture the first
molecular movies in
quadrillionths-of-a-
second frames, These
movies detail the
intricate structural
dances of molecules
as they undergo
chemical reactions.




Richiand, Washimston

 Princet PlasmaPh si.abora ory

 Savannah Natronal Laborat A
Alken, South Ea




26

fic Leadership in

the 21st Certury.

& » American Scienti

T

He




27

a Oak Ridge National Laboratory's Summit, the world's fastest supercomputer, is just one example of the
Energy Department’s scisntitfic feadership in America.

The prosperity, security, and national competitiveness of the United States depend on
science and innovation. Due to the inquisitiveness of the American mind, our
entrepreneurial spirit-as a people, and government’s support for basic and early stage
research in parthership with universities and private sector research, America is
unsurpassed in scientific discovery and innovation. The. Administration and Congress,
through their support of the Difice of Seience and the entire DOE national laboratory
complex, have made it clear that America is committed to remaining a wellspring of
scientific understanding, technological sophistication, and engineering skill not only
for today, but throughout the 2ist Century.

The White House Office of Science and Technology Policy (OSTP) articulated the
important role that the federal government plays in scientific research, without
supplanting the roles of the private sectorand universities:

“Federal R&.D dollars focused primarily on basic and early-stage applied research,
paired with targeted deregulation, and investment in science, technology,
engineering, and mathematics (STEM) education and workforce development, will
strengthen the Nation's innovation base and puosition the United States for
unparalleled job growth, continued prosperity; and national security.”

DOE’s Office of Science (SC) plays a vital role in the pursuit of this national agenda.
Tackling the most daunting Science and Technology (S&T) challenges, SC sponsors
groundbreaking research and provides the academic and commercial sectors with
uniquely powerful tools of discovery and analysis. In FY2019, SC will continue to invest
in'a wide variety of pioneering research, including hew emphases on several innovative
fields with great potentialto enhance human wellbeing. Through pioneering research,
coordinated with other federal research and development investments, SCwill
contribute to America’s S&T pre-eminence.

The Office of Science Plays a Vital Role in American Scientific Achievement



28

In the Information Age, SC must ensure that the United States occupies the
commanding heights of scientific knowledge and the means of scientific discovery.
The Office of Science (SC) and the whole national laboratory complex support a diverse
portfolio of research that advances the science needed for revolutionary energy
breakthroughs, seek to unravel nature’s deepest mysteries, and provide the Nation’s
researchers with the most advanced large-scale tools of modern science.

The Office of Science manages this research portfolio through six core program offices:
Advanced Scientific Computing Research, Basic Energy Sciences, Biological and
Environmental Research, Fusion Energy Sciences, High Energy Physics, and Nuclear
Physics.

In addition, the Office of Science manages and supports additional programs and
activities, including the Workforce Development for Teachers and Scientists program,
the DOE Small Business Innovation Research / Small Business Technology Transfer
programs, and the Office of Project Assessment.

National Laboratories

The Office of Science oversees management of 10 of the 17 DOE national laboratories
and supports research at all of them. These world-leading facilities, which employ more
than 58,000 scientists, technicians, and other staff, perform pioneering basic research
across a wide range of scientific fields. The laboratories constitute a pre-eminent
federal research enterprise, providing the Nation with strategic scientific and
technological capabilities. The national labs:

* Execute long-term government scientific and technological missions, often with

complex security, safety, project management, or other operational aspects;

+ Develop unique, often multi-disciplinary, scientific capabilities beyond the scope
of academic and industrial institutions, to benefit the Nation’s researchers and

national strategic priorities; and
* Develop and sustain critical scientific and technical capabilities to which the

government enjoys assured access and from which it obtains ongoing innovation.

Our national laboratories are the envy of the world, and the Office of Science is proud
that it has been entrusted with the stewardship of these “crown jewels” of the
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American innovation ecosystem.
Thresholds of Transformation

The importance of the Office of Science is underscored by the breadth of its scope and
its role in many high-impact areas of innovation. Since taking office, the Department's
leadership has highlighted the exciting status of six areas of technology with
potentially transformative benefits to humankind: advanced and sustainable energy,
genomics, machine learning and artificial intelligence, advanced mobility, space
exploration, and quantum information science (QIS). Major breakthroughs are nearly
within our grasp in these areas. DOE’s national laboratories are contributing to
progress in all six, with Office of Science financial assistance and Office of Science
user facilities making invaluable contributions.

Curiosity and Usefulness

The origins of the Office of Science underscore its potentially dramatic impact on
Amaerican life. The Office of Science traces its origins to scientists working for the
Manhattan Project in what became the country’s first national laboratories. Their
investigations of sub-atomic physics and development of accelerators, colliders, and
other tools gave rise over time to a host of unforeseen discoveries and technologies,
including the field of nuclear medicine and discoveries in genomics and innovative
energy technologies. In a similar fashion, even the most esoteric explorations the Office
of Science supports today hold the potential to enable great advances in human
knowledge and well-being. While pursuing fundamental understanding of the physical
world and its phenomena, the scope of Office of Science investigations encompasses
both research without readily apparent near-term applications and problem-solving
research—in Prof. Donald Stokes’s nomenclature, work in both Bohr’s quadrant of basic
research and in Pasteurs quadrant of use-inspired research.

Planning and Discipline

Office of Science programs have demonstrated the benefits of long-range planning and
disciplined project management. Through deep engagement with leading experts and
organizations in their respective fields, Office of Science programs have benefited from
varied perspectives and helped to foster consensus with respect to the most promising
scientific infrastructure and topics for research. The Office of Science’s well-formulated
plans enabled the prompt commencement of construction projects in response to

4
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appropriations, such as upgrades to the light sources at Argonne National Laboratory,
Lawrence Berkeley National Laboratory, and SLAC National Accelerator Laboratory and
to the neutron source at Oak Ridge National Laboratory, to name a few.* The national
labs are well poised to continue delivering major projects on time and under budget, as
with the recently-completed upgrade to the Continuous Electron Beam Accelerator
Facility at Thomas Jefferson National Accelerator Facility. The Office of Science
commissioned Summit, the fastest supercomputer in the world, at Oak Ridge National
Laboratory and is already creating three significantly more powerful exascale
computing facilities in the national lab complex. Argonne Lab and Fermi National
Accelerator Facility, working with the University of Chicago, have formed the Chicago
Quantum Exchange and are creating a unique 30-mile network to demonstrate
communications through quantum entanglement. In the near future, the Office of
Science expects to begin developing the Electron-lon Collider, a next generation facility
to explore the interiors of protons and neutrons. The creation and operation of this
unsurpassed portfolio of user facilities are essential to maintaining American S&T
leadership.

Lab-to-Market

in accord with the Administration’s cross-agency lab-to-market initiative goals, the
Office of Science will continue to foster collaboration among national labs, other
research institutions, state and local governments, and private enterprises. While
Office of Science-sponsored investigations are inherently pre commercial,
investigators are encouraged to reflect on potential uses for their discoveries, take
appropriate steps to establish intellectual property rights, and entertain wide- ranging
dialogues that may transform emerging knowledge into innovative applications.

Global Context

Great scientific discoveries also come from collaborations and reciprocal exchanges
that cross national borders. American participation in overseas projects like the Large
Hadron Collider in Europe and foreign participation in U.S.-based projects like the Long
Baseline Neutrino Facility / Deep Underground Neutrino Experiment are outstanding
examples of international cooperation. The Office of Science plans to accelerate the
identification and execution of opportunities for fruitful cooperation and knowledge
sharing with counterparts and investigators from around the world. At the same time,
the Office of Science will responsibly steward the investment of American taxpayers. in

5
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doing so, we expect fairness and reciprocity; while proudly cooperating with foreign
partners through authorized channels, the Office of Science will maintain a vigilant
guard against illicit and potentially harmful foreign exploitation of its resources. The
Department must be attentive to the challenge posed by other nations, not merely
through targeted investments in research, but through outright theft of American
intellectual property.

FY2019 SC R&D Priorities

In the 2019 fiscal year, we directed the Office of Science to give special emphasis and
priority to seven R&D initiatives: (1) machine learning / artificial intelligence (ML / Al);
(2) QIS; (3) microelectronics innovation; (4) fusion energy; (5) bioscience; (8) isotopes
supply capabilities; and (7) cross cutting enabling technologies for user facilities.
Among these topics, artificial intelligence, QIS, and advanced microelectronics were
called out for emphasis by OSTP’s FY2020 budget priorities memorandum as well.

Machine Learning / Artificial Intelligence

Cutting-edge research in a wide array of topics, fram sub-atomic particle experiments
to public health investigations, generate enormous volumes of data in which critical
clues can be hidden and connections can be difficult to discover. Advances in ML/ Al
will enable transformative scientific breakthroughs in such fields within and ocutside
the DOE mission space, especially when applied through the Office of Science’s
leadership computing facilities (LCF). For example, in addition to being the fastest
computer in the world, the Summit LCF that DOE commissioned at Oak Ridge National
Laboratory earlier this year was designed from the ground up to be the most powerful
one for machine learning. With its high-performance computing expertise and its
access to enormous data sets, including data from user facilities and from other
government agencies, the Office of Science is uniquely positioned to facilitate the
development of ML/ Al techniques and hardware.

Quantum Information Science

At sub-atomic scales, matter and energy behave in strange ways that offer
extraordinary opportunities for unconventional sensing, network communications, and
computing. These opportunities include functions that could not be performed by even
the most advanced devices using classical mechanics and computing methods at the
outer realm of forecasted possibilities. Such devices would potentially provide
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unprecedented security in communications, scientific and medical diagnostics of
unmatched sensitivity, and tools

for simulations and calculations beyond the reach of classical computing methods.
Recent progress in materials science and technology have made the creation of such
systems more feasible than ever before. While other nations have begun significant
investments in QIS, the U.S. can maintain leadership in this challenging field—
harnessing quantum behaviors into powerful applications—through interagency
efforts that exploit the unrivaled facilities and expertise in physics and computing
provided by the Office of Science. In doing so, we are confident that important QIS
innovations in computing, network communications, and sensing will emerge.

Microelectronics Innovation

The pace of improvement in classical computing performance, density, and energy
usage predicted by Moore’s Law and Dennard scaling have slowed as existing
materials and design paradigms approach physical nanoscale limits. The continuous
progress that has been manifested in everything from smalier, more powerful
smartphones to faster LCF supercomputers cannot be sustained without innovations
in microchip architectures, design procedures, and manufacturing methods. But with
groundbreaking

R&D in these areas, our Nation can take classical computing beyond Moore's Law and
reestablish American leadership in microelectronics. In coordination with other federal
agencies, the Office of Science will invest in efforts to discover materials, architectures,
and fabrication methods needed to achieve these goals.

Fusion Program Acceleration

The development of fusion power generation holds the key to providing nearly
unlimited energy to power the world in a clean a responsible manner. Fusion—the
process that powers the Sun—utilizes abundant natural elements and creates no
spent- fuel waste. Qur mix of governmental, academic, and private enterprise
investments in fusion energy research creates unique opportunities for synergistic
collaboration and American leadership in this field. Recent substantial increases in
appropriations also position the Office of Science to accelerate the pace of
development in fusion energy. While we continue to support international
collaborations in fusion research, we are working to accelerate U.S.-based leadership in
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the science through the national labs, U.S. universities, and increased interaction with
the world’s leading private fusion innovation community.

Bioscience

The Office of Science has a well-established role in genomics and other fields of
biclogical science, including a key role in the Human Genome Project. Fundamental
research in genomics and other aspects of bioscience is germane to a variety of DOE
missions concerning fuels, energy efficiency, advanced manufacturing, environmental
management, and national security. The methods that are developed in working on
such DOE mission topics missions also hold great promise for use in other fields, such
as development of precision medicines and advanced agriculture. Programs such as
Joint Genome Institute will continue to be important Office of Science investments that
will pay future dividends across a wide field of technologies.

Isotopes Production

The Office of Science is a vital supplier of radioactive and stable isotopes for research
and applications such as medical diagnostics and therapies. For varied isotopes that
lack commercial suppliers, DOE fills the gap by stewarding processing facilities in
national labs and supporting isotope production at academic and commercial
facilities across the country. As the important High Flux Isotope Reactor ages, new
isotope production methods are developed, and new isotope-based applications are
increasingly identified, the Office of Science is well positioned to revisit its isotope
program, including potential investment in new or rejuvenated facilities to meet the
nation’s needs.

Cross-Cutting Enabling Technologies

The Office of Science already operates some of the largest, most complex, and most
powerful scientific infrastructure in the world, including light sources and

particle colliders. The next generation of Office of Science user facilities can be even
more powerful, if we improve vital hardware components that drive them. Many of
these

components have cross-cutting applications; powerful magnetics, for example,
contribute to particle accelerators and fusion science research both, among other
things. in connection with plans for future world-leading user facilities, the Office of
Science will be investing in materials research and other explorations to develop next-

8
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generation particle accelerators, stronger high-field magnets, and more advanced
superconducting radiofrequency cavity technologies.

Dedication to American Leadership

While respectful of fellow explorers and mindful of the sometimes awesome challenges
faced at the frontiers of knowledge and engineering skills, the U.S. is committed to its
pre-eminence.in science and technology. As a nation, we celebrate ourcollaborations
and respectfully recognize our peers, but we must always strive to be unsurpassed in
scientific discovery, technology, and innovation. Along with world-¢lass educational
systems and research universities and energetic private enterprise, the ongoing
investment and performance by the programs of DOE's Office of Science are essential
to our national goal of being second to none.

PAUL ML DABBAR

Paul Dabbar is the Under Secretary for Science, serving as the Energy Department’s principat

advisor on fundamental énergy research, energy technologies, and scienca.
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The CHAIRMAN. Thank you. We appreciate that. And rest as-
sured, we too are trying to get these nominees through the process
just as quickly as we can. You need to have your full team up and
running and particularly in these key areas. So thank you for that,
and thank you for your testimony this morning.

Secretary Moniz, it is a pleasure.

STATEMENT OF HON. ERNEST J. MONIZ, FOUNDER AND CEO,
ENERGY FUTURES INITIATIVE

Dr. Moni1z. Well thank you, Chairman Murkowski and Ranking
Member Manchin and members of the Committee, most of whom
are extremely familiar, and I must say I've been testifying before
this Committee and Chairman Murkowski for more than two dec-
ades. And I thank the Chair and the Ranking Member also for the
time yesterday when we could discuss our new report. I've always
been happy to work with this Committee in a bipartisan way and
look forward to helping any way we can going forward. Also I'd like
to recognize Under Secretary Dabbar whose background also in in-
vestment banking and I think is a very, very good background for
this, this subject.

Much of my career has focused on innovation from initiating the
MIT Energy Initiative which had new ways of working with the en-
ergy industry, my tenure as Secretary making innovation a corner-
stone of our approach to energy—our energy policy and initiatives;
now in a new organization, the Energy Futures Initiative, from
which we issued yesterday this report, “Advancing the Landscape
of Clean Energy Innovation,” and this is a report done in collabora-
tion with Dan Yergin and IHS Market. I want to emphasize the re-
port is our responsibility of EFI and THS Market but with the
strong support of Energy Breakthrough, the organization estab-
lished by Bill Gates to focus on energy innovation.

The context certainly starts by—we all know this but it deserves
repeating. Innovation is at the heart of the American success story,
driving our economy and security for a long time, and we empha-
size that we must continue to place our bet on innovation outcomes
rather than prescribed or planned outcomes as has often been the
case in other countries, and this remains very wise counsel in dis-
cussing clean energy innovation going forward and the massive
low-carbon energy economy transformation that we are just at the
beginning of.

Accelerating this transition will not be easy. The nature of the
business, highly regulated, large capital assets and the like leads
to risk aversion. But we emphasize that if we are going to accel-
erate, the incumbent energy companies must be part of this just as
the disrupters, entrepreneurs, must be part of it, and we have to
see them as partners in a successful transformation. Part of that
involves what we call the platform technologies like edited manu-
facturing and big data and AI, et cetera. We need to do more to
integrate that into the energy innovation challenge.

We have challenges to our preeminence in clean energy innova-
tion. China certainly, for example, with its rapidly growing mar-
kets—market pull is a big stimulus to energy innovation, but that
highlights even more why we need to focus on this and maintain
our preeminence.
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Let me highlight—actually, let me also add that we should re-
member that this energy innovation agenda is equally important
for energy security, and I refer the Committee back to the 2014 en-
ergy—Modern Energy Security Principles endorsed by the G7 and
the EU.

Let me highlight just a few themes from the report. One focus
of course is a methodology for looking at our RD&D portfolio itself,
and we narrowed down from over 100 to 10 what we consider to
be premier opportunities, areas of considerable underinvestment.

Storage, for example, is very prominent, but emphasizing it is
about things like new chemistries with earth-abundant elements
but it’s also about completely new approaches to seasonal storage,
as an example, where we are hardly addressing it.

Advanced nuclear. How do we get this unprecedented innovation
across the finish line? It’s going to require public-private partner-
ships.

We need to revive and re-look at hydrogen in some sense as an
evolution from natural gas to a low-carbon fuel that can be used
across multiple sectors, but natural gas itself with carbon capture
and sequestration can be a part of that, of that hydrogen economy.
That in turn emphasizes that we must focus on the fact that when
you go beyond electricity to go to the hard-to-decarbonize sectors
like industry, like agriculture, et cetera, they must be part of the
solution. I posit they will not be enough even then without adding
to it large-scale carbon management. CCUS in the broadest sense
is part of that, including areas like biological sequestration, which
we are not really doing enough on.

And then finally, and this is very much in Paul’s bailiwick, there
are the areas which could be enormous breakthroughs but ex-
tremely high risk and extremely early in the innovation process,
like sunlight-to-fuels, for example, where there are very, very fun-
damental science issues still to be addressed. So our report kind of
paints that picture and hopefully provides some guidance in terms
of portfolio construction.

A second point is the scale of investment, and I'll leave that to
Jason Grumet to talk about the AEIC, but we do need a very, very
large increase in our investment but we all know this is going to
come into fiscal headwinds going forward. And so we do rec-
ommend a re-look, and I know this Committee has done some of
this in terms of new, dedicated funding streams that can help sup-
port innovation.

We need to align key policies, programs, players. For example,
state regulators play a key role. They must not provide, especially
in the competitive markets, headwinds. They need to provide
tailwinds for innovation. We discussed that.

We emphasized the importance of regional innovation. And
again, we think the Federal Government can do a lot to stimulate
this. We need innovative ecosystems in more geographies. We need
a set of priorities and opportunities that will emerge in different
geographies in different ways. And in fact, the states of our Chair
and Ranking Member are examples of how priorities could be set
in very, very different ways to address key low-carbon solutions.
The national labs that Paul discussed in detail and other FFRDCs
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could be one of the cornerstones for these regional ecosystems in
many ways.

In concluding, there’s a clear need for sustaining U.S. pre-
eminence in clean energy innovation, but we need to work at it.
This is not going to be automatic. But it’s also an enormous oppor-
tunity, and this Committee is poised to play a central role.

My colleagues and I remain available to help in any way we can.
I look forward to the discussion.

Thank you, Madame Chair.

[The prepared statement of Dr. Moniz follows:]
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Ernest J. Moniz
Founder and CEO
Energy Futures Initiative

Statement of the Honorable Ernest J. Moniz
Before the
Committee on Energy and Natural Resources
U.S. Senate
February 7, 2019

Chairman Murkowski, Ranking Member Manchin and Members of the Senate Committee on Energy and
Natural Resources, thank you for the opportunity to appear before you today to discuss the future of
energy innovation in the United States.

It was my pleasure to appear multiple times before this Committee during the time | had the honor of
serving as the 13" U.S, Secretary of Energy. Throughout my time of service, | found that Members of the
Committee from both sides of the aisle came together on numerous occasions to support U.S. energy
innovation. | hope that the 116th Congress will continue this tradition.

Much of my career has focused on energy innovation. At MIT, | established the MIT Energy Initiative,
which had a significant focus on innovation in a carbon-constrained environment and engaged all of
MIT’s Schools. As Secretary of Energy, | made clean energy innovation a cornerstone of the Department’s
initiatives and policy. And now, at the Energy Futures Initiative, clean energy innovation is a pillar of our
policy analysis. EFl has produced policy papers on important elements of energy innovation, including
the national security foundation for the commercial nuclear energy sector; implementation of the 45Q
tax credit program for carbon capture, utilization and storage; expanding the DOE Loan programs to
leverage increased innovation in energy infrastructures; and application of blockchain technology to
management of energy systems and services.

Importance of Energy Innovation

Energy innovation is the essence of America’s security and strength. Our ability to innovate is at the
heart of American economic success and optimism. Innovation drives job creation, contributes to
national security, addresses complex societal challenges and improves our quality of life.

For the past seven decades, the United States has been the global leader in technology and energy
innovation. Central to U.S. leadership in innovation is our unparalleled innovation ecosystem which
includes the Federal, state, local and tribal governments; national laboratories; research universities; the
private sector; nonprofits and philanthropies.
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The U.S. is undergoing rapid change in the global competitive environment, challenging America’s
preeminent position but aiso offering immense opportunity for shaping the inevitable low-carbon global
energy future. The science is clear, and the data are compelling—climate change is a major threat to our
planet and to our way of life, and the clock is ticking. Nations in denial of climate change as a critical
driver of an accelerated clean energy transformation will be left behind.

Accelerating this transformation won’t be easy: the U.S. energy system has considerable inertia and risk
aversion, since the industry is highly capitalized and must provide essential services all the time. This
creates an inherent tension between the energy incumbents and the technology disruptors that must
instead be harnessed to advance innovation, with incumbents and disruptors each playing an essential
role.

Accelerating the Pace of Energy Innovation

It is in this context that the Energy Futures Initiative and IHS Markit undertook a joint study of the U.S.
energy innovation landscape, commissioned by Breakthrough Energy. Yesterday we released the final
report, Advancing the Landscape of Clean Energy Innovation. Breakthrough Energy asked my colleague
and friend Dan Yergin and me to co-chair the study, drawing on our complementary private sector and
public sector perspectives on the current U.S. clean energy innovation landscape, with the goal of
defining a strategic path forward of national scope. The Executive Summary of the report is attached for
inclusion in the hearing record.

Clean energy innovation supports muitiple national goals: economic competitiveness, environmental
responsibility, energy security and national security. The report describes today’s U.S. ecosystem of clean
energy innovation from the perspectives of technological potential, investment patterns, institutional
roles and public policy. Advancing the Landscape of Clean Energy Innovation provides recommendations
for accelerating our progress toward a clean energy economy.

Our study was comprehensive in scope, addressing technologies with breakthrough potential; the role
of regional clean energy ecosystems; mobilizing increased private sector investment in energy
innovation; and the respective roles of federal, state, local and tribal governments. Based on our
assessment of the strengths and weaknesses of the clean energy ecosystem, we developed 18 major
recommendations for making the ecosystermn more effective.

A key finding is the need for increased, and better targeted, public and private sector investment in
energy innovation across all stages of the innovation spectrum from fundamental research through
commercial scale demonstrations. The study team developed a methodology and set of criteria to
examine current and proposed energy technologies for their breakthrough potential. The report
examined more than 100 cutting edge energy technologies, focusing on the candidates with significant
breakthrough potential, including: advanced energy storage technologies; advanced nuclear reactor
technologies; new approaches to decarbonization of industrial processes; electricity systems
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modernization with a focus on the role of grid modernization in enabling smart communities; and large-
scale carbon dioxide utilization and management, including new approaches for carbon dioxide removal
from the environment where emissions are not otherwise averted or mitigated.

Several groups, including the American Energy Innovation Council made up of large American company
CEOs, have argued for tripling federal clean energy investment. This is important, but more than
increased funding is needed. The federal energy innovation portfolio—indeed the portfolio across the
entire innovation chain—needs to be “all of the above” to match the time scales and geographies and
to emphasize optionality. History shows that we achieve better results when flexible innovation
pathways are favored over planned, prescriptive outcomes.

The report recommends that the private sector allocate increased investment from the tax savings
created by the Tax Cut and Jobs Act to energy innovation, with a particular focus on testing facilities for
product demonstration. The analysis also makes clear that disciplined public-private partnership is
needed across the innovation value chain to demonstration and initial commercial deployment of critical
technologies. The report also recommends a stronger role for strategic philanthropic investors in
alignment with government and industry.

The report highlights the need for the federal energy innovation research portfolio to be better managed
for performance, regardless of the appropriated amounts. A key focus is the Department of Energy,
which in FY 2016 administered three-quarters of Federal investment in clean energy innovation. Other
agencies with significant clean energy innovation budgets include the Department of Defense {DOD), the
Department of Transportation (DOT), and the Department of Agriculture (USDA); portfolios at these
agencies are mission-focused, as opposed to being broadly based across all energy sectors.

The report notes that DOE’s applied energy research programs are currently organized around a fuel-
centric framework that has its origins in the 1970s, a structure that inherently skews its programs and
budgets. The current structure also lacks clear direction for supporting all stages of the innovation
process from fundamental research through commercial demonstration. A federal system that is
focused solely on discovery and invention leaves the door open to other countries to translate the fruits
of this research into new products, industries and jobs that are based offshore.

During my tenure as Secretary, | advanced clean energy innovation as the cornerstone of our national
energy policy. We combined the science and applied energy R&D portfolios under a single Under
Secretary to enable more seamless translation of fundamental science into new energy technologies.
We incorporated innovation into the two instaliments of the Quadrennial Energy Review, a government-
wide effort that integrated the energy-related interests of 22 federal agencies. Congressional action on
many of the energy infrastructure recommendations demonstrated the broad appeal of analytically
grounded policy development. We also updated the Quadrennial Technology Review. We placed
particular focus on the role of the DOE National Laboratory system. We created a Laboratory Policy
Council to engage the Laboratories in a stronger strategic relationship with Departmental policies and
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programs, established a Laboratory Operations Board to promote more efficient and effective laboratory
operations, created the Office of Technology Transitions to accelerate the transfer of new technologies
to the private sector and produced the first State of the National Laboratories report. We analyzed the
importance of regional innovation systems and our last budget request sought funding for regional
structures.

On the international scale, DOE led efforts to revamp and modernize the G-7/EU Energy Security
Principles, which provided a focus on the importance of clean energy to energy security. DOE also was
in the forefront of the establishment of Mission Innovation, an initiative supported by 23 countries plus
the European Commission to double the level of public investment in energy technology innovation over
five years.

The report builds on this foundation and expands the focus to all levels of government to align key
policies, players and programs in ways that both enhance and accelerate clean energy innovation. At
the federal level, the report notes that the fuels-based organizational structure of DOE, which has been
in existence since 1979, is not optimized for modern energy systems and needs. It tends to lead to budget
allocations by fuel, resulting in gaps and budget distortions, rather than prioritization by innovation
potential.

A good case in point is DOE funding for RD&D on advanced grid-scale energy storage technologies. The
budget requests for energy storage R&D in each of the past two fiscal years was only $8 million for this
key technology area. Congress increased the grid-scale energy storage budget in the electricity office
significantly, to $41 million in FY 2018 and $46 million in FY 2019; yet it remains underweighted within a
$5 billion total DOE energy RD&D investment portfolio when one considers the needs all the way to
seasonal storage. A serious gap currently exists for carbon dioxide removal RD&D (including biological
sequestration), which has no obvious organizational home within the current DOE organizational
structure, and consequently is not funded at a level commensurate with its need and long-term
potential.

The report’s assessment of the current landscape in the energy innovation space was not limited to DOE
or the federal government. States, cities and tribal governments play a very important role in the energy
innovation process, particularly as supporters of initial commercial adoption of new energy technologies
and products. It recommends increased focus on identifying and spreading the use of best practices
among the states, and closer alignment of federal and state financial incentives to maximize
effectiveness. Expanded policy innovation in state electricity and natural gas regulatory practices also
could play an important role in accelerating energy innovation.

The report also notes the importance of nurturing energy innovation ecosystems at a regional scale.
Energy resources, expertise and markets vary significantly by region of the country, and many of the
issues facing the energy sector can be better managed by strategies tailored to each region’s specific
needs. Many energy innovation clusters have emerged in the U.S. and are evolving into fully-integrated
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innovation ecosystems, and federal policies and programs should be cognizant of these developments
and seek to nurture further evolution. The DOE National Laboratories and other federally-funded
research institutes, working with universities, can play a major role in catalyzing regional energy
innovation ecosystems.

A key finding underpinning the work of the study team was the emergence of new technologies outside
the energy arena that can enable further innovation in energy applications, Technological developments
in digitalization, big data analytics, advanced computing, smart systems, additive manufacturing and
robotics have opened the door to a potential new wave of innovation in the energy economy. Combined
with socio-economic trends in urbanization and flattening of energy demand, they point to new
opportunities for energy innovation, for the emergence of new companies and whole new industries in
the energy sector, creation of new and better jobs, new consumer services, more cost-effective energy
use and a deeply decarbonized 215 century energy economy.

Conclusion
All of this work points to the need for, and ability of the U.S. to sustain its preeminence in clean energy
technology innovation but requires far-sighted and sustained action to better align the policies, players

and programs that are the key building blocks of our national energy innovation ecosystem.

It is my pleasure—once again—to appear before this important Committee. | have always found that
Senators from both sides of the aisle work together to support US energy innovation.

Chairman Murkowski, Ranking Member Manchin and Members of the Senate Committee on Energy and

Natural Resources, thank you for the opportunity to appear before you today to discuss the future of
energy innovation in the United States. | look forward to your questions.

Attachment: Advancing the Landscape of Clean Energy Innovation, Executive Summary, February 2019
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We are pleased to submit our report, “Advancing the
Landscape of Clean Energy Innovation.” In this report
we describe today’s U.S. ecosystem of clean energy
innovation from the perspectives of technological
potential, investment patterns, institutional roles,
and public policy.

The report identifies critical strengths and weaknesses of this ecosystern and
offers recommendations for making that ecosystem more effective it examines
the different technology readiness stages through which innovation posses and
the importance of feedback omong those stages. It also discusses the significant
opportunities to accelerate the pace of clean energy innovation thot ore
presented by rapid advances occurring today across a myriad of technologies
originating outside the energy sector.

We would like to emphasize three observations from our report.

First, the US. has shown over many decades an unparalieled capacity to nurture
energy innovation This capacity reflects a rich and durable collaboration among
government, unjversities, research institutions, industry, and entrepreneurs. This
collaboration is grounded in the belief that energy innovation contributes
importantly to economic growth, energy security, and environmentot stewardship.

« Second, even with our capacity to innovate, and even with the emergence of
innumerable technological opportunities, there are significant challenges in moving
forward with clean energy technology. These challenges arise from the sheer size
and complexity of existing systerns, the degree to which these systems are
embedded in our economy, and the high public expectations of safety and reliability
they must meet. Energy systems traditionally have evolved incrermentally.

Third, these challenges can be met only by building on the collaborative strengths
that our ecosystem has already demonstrated. Clean energy innovation depends on
a national commitment to technological research; private-sector efforts to develop,
apply, ond commercialize products incorporating that research; and public policy,
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In this report we convey the need for a comprehensive approach involving both
public and private sectors in order to expand the current landscape of clean
energy innovetion and accelerate its processes, We hope that our report
contributes to an understanding of the challenges presented and the approaches
needed to address those challenges effectively. There is no final word on the
subject. We see this report as a contribution to a continuing national dislogue and
hope that it wilt stimulate further discussion, understanding, and action.

We are grateful for the opportunity that Breakthrough Energy and its partners
have provided to explore this topic and recognize their commitment to
advancing a meaningful and timely notional diologue. We hope that our report
informs an appreciation of the complexity, reach, inherent dynamism, ond promise
of the US. clean energy innovation landscape and of the leadership that the
United States can continue to provide.

Ernest J. Moniz Daniel Yergin
Former U.S. Secretary of Energy Vice Chairman IHS Markit
Project Co-Chairman Project Co-Chairman

Bronkthrough
Ensrgy
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The United States has been at the forefront of
energy innovation for many decades. One of the
most important reasons is the unique and extensive
collaboration along the entire chain of innovation,
from basic research to deployment, that engages
the federal government, national labs and research
institutes, universities, private sector, and state and
local governments. This system has given the US. a
global advantage for many decades.

The increasing focus on clean energy technology solutions and the potential for
disruptive changes in energy systems points to the need for an objective review
of the current clean energy innovation ecosystem. How does the clean energy
innovation system work? What are its strengths and weaknesses? Is it up to the
challenges? And how can it be improved and accelerated?

These are the questions that this study seeks to answer. Significant
opportunities for clean energy innovation are presented by the changing

US energy supply profile; by advances in platform technologies such as
digitalization and big data analytics; by expansion of electrification in the
transportation and industrial sectors of the U.S, economy and the resuiting
electricity dependence of these sectors; by increases in urbanization and the
emergence of smart cities; and by broad social and economic forces pushing to
decarbenize energy systems in response to the risks posed by global warming
ond associated climate change.

Clean energy innovation supports muitiple notional goals: economic
competitiveness, environmental responsibility, energy security, and notional
security. In serving these goals the need to address climate change is the
challenge that colls most urgently for accelerating the pace of clean energy
innovation,

Key features of energy systems, however, impede accelerated innovation. Energy
is a highly capitalized commaodity business, with complex supply chains and
established customer bases, providing essential services at all levels of society.
These features lead to systerns with considerable inertia, focus on reliability

and safety, aversion to risk, extensive regulation, and complex politics, Existing
innovation processes foce challenges as they work within these boundary
conditions. The rapid pace of international energy investment, the commitments
of most countries to Paris climate goals, and the ability of some countries such
as China to rapidly increase clean energy investments challenge the preeminent
position of the US. in clean energy innovation,

Successful clean energy innovation on a large scale in the U.S. requires
alignment of key players, policies, and programs among the private sector, the
federal government, and state and focal governments. This report considers
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these alignment needs through an assessment of the roles of these various
groups. It also identifies critical clean energy technologies. It further suggests
the value of regional efforts to advance innovation, and discusses ways

in which federal tox policy could accelerate innovation. The report offers
recommendations in each of these areas.

The private sector is central to clean energy innovation, providing entrepreneurial
vision, channeling financial resources, and connecting innovation to the rest of
the energy system and the economy. At the same time, fundamentat dynamics
of the energy sector present significant challenges to clean energy innovation,
stemrning from basic industry characteristics and from the difficulty of capturing
the full value of clean energy through market transactions alone. Innovators in
clean energy face significant challenges in securing financial support and in
demonstroting the compatibility of new technologies with existing systems. Over
the past several years, venture capital has reduced its engagement in clean
energy innovation, and traditional energy companjes are exploring new models and
mechanisms for innovation and investment.

While the initiol stages of clean energy innovation are supported by a diverse,
world-class set of US. research institutions, the innovation support system
weakens as inventions move toward commercialization. The clean energy
incubators that have emerged in recent years have so for tended to support
software solutions. The availebility of testing faciiities for product demonstration
is limited by the small number of facilities suitable for sustained testing and by
their specialization.

Because of the energy syster’s long cycles of adoption, a broad range of
approaches should be deployed to make it easier for adopters to understand,
anticipate, and support the innovations that are being generated at the early
stages of the innovation process. These efforts include, on the part of energy
companies, open innovation, standardization of procurement requirements,
encouragement of innovation testing either through dedicated evaluation stoffs
or through performance metrics, and active autreach to become familiar with
innovations at the develapment stage or earlier. They include, on the part of
innovators, early attention to the needs of adopters as indicated by expressed
needs and by the past performance of innovation efforts.

Investments are needed from foundations and from federal, stote, and local
governments to expand the availability of open-access testbeds and strengthen
the effectiveness of incubators in accelerating commercialization of innovative
technologies. Some of these investments could fund research into best practices
and performance results of incubators and testbeds and of state and local
programs supporting innovation.

Because clean energy innovation incentivizes onty modest financial investments
at precommercial stages, and because strategic corporate investment is focused
primarily on those innovations recognized as useful to business objectives,
strategic philanthropic investors and coatitions of industry investors with long-
term horizons could play an important role in identifying and supporting promising
technology ventures that are otherwise not commercially viable in the near term.

Sreakthrough
Energy
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:Recommendations fpr‘Neur-Terin Actions

= Adopters of new technology, such as Utilities; should consider a variety
of approaches 6 support the innovdtions that are being gererated at
‘the sarly stages of tha innovation pracess, incliding: open Innovation;
standardization of procurement spacifications; encouragement of -
innovation testing (either thotgh ded'coted evalugtion staffs o through'
performcnce metrics), ond active cutreach o become farniliar with
innovations ot the deveiopment ‘stage or earlier,

Strotegwc philanthropic investors and couhtxons of wndustry investors
with fong-term horizons should play anactiverole inidentifying and:
“supporting promising technology ventures that are otherwxse fot
Commercra!ly Vsob!e iry the nedr: term

Foundations, as weltas fedeml state ond focal govemments should
make investments to expand the availability of apen-access testbeds
and inclbators to decelerdte commercialization of mnovthe
technologres (eg Cyclotron Rood) ;

A shared agenda of primary technology objectives can help ensure that progroms
pursued by multiple stakeholders in the clean energy space are timely, durable,
and mutuaily supportive. It can give entrepreneurs and creative innovators a
framework for assessing the prospects of a porticular area of initiative and the
steps needed to sustain critical innovations over long time spans, and it can

give corporate adopters, financial investors, and policymakers visibility into the
evolving future of clean energy.

A four-step methodelogy is suggested for identifying breakthrough technologies
to address national and global challenges and help meet near, mid- and long-term
clean energy needs and goals. These steps consider technical merit, potential
market viability, compatibility with other elements of the energy system, and
consumer value. Application of these considerations to a list of 23 potential
technology candidates yields a key technology shortlist:

Storage and battery
technologies

Systems: electric grid
modernization and smart cities
Advanced nuclear reactors Deep decarbonizationflarge~
scale carbon management

Technology applications for
industry and buildings as sectors
that are difficult to decarbonize

- Carbon capture, use, and
storage at scale

- Sunlight to fuels
- Hydrogen

- Biological sequestration
- Advanced monufacturing

technologies

- Building energy technologies

Breakthrough
Energy
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Recomméndations for Near-Term Actions

«. Federal mvestments in energy resedrch, development demonstrct»on
Coiand deplc\/ment (RDD&DY should be planned within portfolio stricture
that supports potentidal breakthrough technalogies ot varidus
timescales: Thete should be special focus on a critical subset of those:
“ U technologies déemed to'Have Very high breakthirough' potential,

Federal energy RDDED portfolio investmants should adopt o formal set
Sf rajor evalliation criteria—such a8 technical terit, market Viability,
cormpatibility; and consumer value=with ‘specific matrics foreach o
criterion, These criteria should be used to prioritize progratming and
“budget allocation decisions, as well asto devélop pub!xc private
partnerships. :

Public Gnd private sector stokeholdérs shautd collaborate inplarning for

ond piloting of emerging technologigs. A key component of these-efforts
is'systerng= level developrient plans that delinedte technical chotlenges

anid risks; R&D pathways; cost and schedule assumptions; institutional

roles (including public-private partnership opportunities), pathways to
commercuohzot:on and diffusion; econom!c beneﬁts and consumer velue: -

The' Depcrtment of Energy (DOE) should isad & national effort to tpdate
thie Basic Resedrch Needs Assessments;, originally inftiated in 2001; to
inform the assessirients of emerging technologiss with Breakthroligh
potential, as well-as'the development of system-level roadmaps:

The Federal government bas long played a central role in supporting energy
innovation. Through research grants, loan programs, tox incentives, laboratory
facilities, pilot programs, and public -private partnerships, it has set the direction
and pace of energy R&D, with profound Impact on the national economy.

The principal agency funding clean energy innovation is the Department of Energy
(DOE), which administers obout 75 percent of all Federal energy R&D spending.
DOE performs jts role in partnership with its 17 national laboratories, acadernia,
states, regions, other agencies, and the private sector. There are, however, several
other Federal agencies with significant clean energy innovation budgets, including:
the Department of Defense (DOD), the Department of Transportation (DOT), and
the Department of Agriculture (USDA). Portfolios ot these agencies are mission-
focused, however, as opposed to being broadly based across all energy sectors.

As the primary Federal funder of energy R&D, DOE has played a criticat role

in changing the US. energy landscape over several decades. Shortly after its
establishment in 1977, DOE characterized U.S. shale basins and supported the
development of key drilling technologies that enabled horizontal drilling. it has
had an ongoing and central role in developing supercomputing, an enabling
technology for digitalization, artificial intelligence, smart systems, and subsurface
characterization. its investment in phasors and sensors support the smart grid.
The Advanced Research Projects Agency — Energy (ARPA-E) — a DOE program —
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has fed to the creation of dozens of clean energy start-up companies which have
raised more than $2.6 billion in private-sector follow-on funding.

However, DOE’s performance in advancing clean energy innovation would
benefit from several institutional modifications, For example, the fuels-based
organizational structure of the DOE, which has been in existence since 1979, is
not optimized for modern energy systems and needs. it tends to lead to budget
altocations by fuel, rather than prioritization by Innovation potential.

The lack of long-term stable and predictable funding is also a concern for

future R&D efforts at DOE. Although the Federal clean energy RD&D portfolio is
significant (approximately $6.4 bitlion in FY 2016 if expenditures by all Federal
agencies and by DOE on basic science research are included), some prominent
government and industry leaders have recommended the need for funding levels
at two to three times the current levels based on the energy industry’s current
value to the economy (roughly $1.37 trillion). While the Bipartisan Budget Act

of 2018 (BBA) set new cops for discretionary spending that are as much as

25 percent higher than the Administration's budget — providing considerable
headroom for near-term increases in spending for clean energy innovation — this
agreement extends through FY 2019 only. The highly uncertain budget outlook for
FY 2020 makes it difficult to plan an effective energy innovation portfolio focused
on technologies with high breakthrough potential.

Recémme‘ndutibns for Near-Term Actions

»: Congress and the Administration should initiate effoits to reorganize.
the Federal energy RDD&D portfolic and the Départment of Erergy.
“toward o fuel= and techriology-hetitral structure that (1) aligns with the
Highest prlonty opportunities, (2) enables systems-Jevel integration,
- and (3)-avoids gaps in crosscutting programs. )

Congress and the Administration should consider dedicated funding

sources for energy innovation'as @ means to ensure predictable and

inicreasing levels of Slean shergy RDD&D funding based on mtemctaoncl
and ¢ross-sectoral benchmarks.” -

Fedsrat poﬁcymcke‘rs should expand demonstration projests for key
breakthrough technologies, while ensuiing occountability via stage=" - :
gated project manageirient, risk-based cost sharing, and assignment of. .
demonstration project oversight to a single office within DOE. :

DOE and other agehcies; as appropriate; should increase coiloborotfon
Swiththe private sectorand ucodem;a mcludmg

= Instituting a m‘ultu yecr and multi-agency portfo\}o planning :
process with broad=bosed stakeholder mvolvement from the
private sector and academia:

- Expanding use of prize outhor!{y to foster competitioh and
open innovation.

Vi S)mphfymg pubhc private portnersh!ps with flexible financial
vehicles like Technology Investment Agreeinents:
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State and city governments have regulatory authority over most of the myriad
consumer, commercial, and industrial activities that collectively shape the
country’s patterns of energy use They play central roles in advancing clean energy
innovation, above all by creating markets for the application of clean energy
technologies and encouraging diffusion of those technologies through supportive
financiol mechanisms.

Cities ore crucial clean energy innovation testbeds. Urbanization trends

make “"smart cities” especially important as technology platforms for a clean
energy future. Enhanced federal-state-city, public-private, and private-private
partnerships can help unleash smart city innovation for tailored urban services,
mobility, and standard-of-living improvements in the 21st century. “Smart”
improvements could also provide significant value to rural communities by
enabling decentralized generation and manufacturing, improving energy efficiency,
and supporting economic developrnent.

The contribution of state, local, and tribal governments to clean energy innovation
could be further strengthened by development of program best practices and
standardization, capacity and rescurce enhancement, increased funding, and
modernization of ratemaking ond business models. Programs that support and
promote clean energy and energy innovation require significant state and local
administrative resources and expertise; offices and officials that run them often
have limited resources. Also, traditional raternaking policies and methodologies
at the state and local level can act as barriers to deployment of innovative
energy technologies due to their reliance on proven track records associated with
reliability and cost savings.

Jations for Nedr-Term

<« States should consider adopting technalogy-neutial clean energy
portfolio standards and zero-émissions cradits in order to strengthen
markets for clean ehergy innovation = toinclude renewables aid other
forms of zero of low-carbon ariergy.

State and local regulcatory dgencies should ¢onsider rew ways In which
existing ratefnoking principles could be adapted to incentivize utilities
to deploy established clean energy technologies; test emergifig enérgy.
technologies, and realize volue fromy behind the meter technologies:

States should collaborots to identify best practices'in the deployimerit

of clear snergy technologies; including fingneing rscharisms; consumer

protections and equitable sharing of benefits among alt socio-économic
“groups and geographic locations: : G :

Braakthrough
Energy
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Many of the innovation opportunities and risks faced by the energy sector are highly
regional in nature and are appropriately managed by strategies tailored to each
region’s specific needs. Strong regional relationships, for example, are observable
among innovation, job creation, and technology deployment in the solar and wind
energy industries.

Many energy innovation clusters in the US. are in the process of evolving into fully
integrated innovation ecosystems. While federally funded RDD&D historically has
not been well connected to state and regionat economic development, activating
these regional clusters to break down the barriers among federal, state, and local
resources will create new synergies. National labs could serve as anchors for these
efforts. While Federal support is important, regional leadership is critical. State
and Jocal governments, the private sector, universities, and philanthropies all have
important roles in developing the particular strengths and shaping the particular
contributions of regional innovation ecosystems.

Recommendutlans for Neur-Term Actions

- Universities, prsvcte mdustry, phx!qnthropxes state and Iocq!
govemments and DOE ‘should seek to expond and strengthen mcubatcr ;
- capabilities within regional clusters to provide ‘additionat toofs 10 enoble
inriovatars to conduct R&D cmd prototypirig:

DOE Hational tobomtor:es other federal laboratories, cnd Federally
Funded Research Cénters (FFRCS) can sérve as-anchors for regional
clear energy innovation = and should-be: given sufficient flexibility in‘the
“expenditure of discretionary funds to support reguona! clean energy L
innovation options;

For US.-bosed entities, budget caps, reduced discretionary spending, and the Tax
Cuts and Jobs Act (TCJUA) will put downward pressure on Federal spending but wilt
incentivize corporations to increase significantly business investments over the next
decade (with estimates of up to $15 triflion in incremental new investment, some of
which could be targeted to energy innovation and infrastructure. Attracting these
funds into clean energy innovation will depend on success in aligning the various
elements of the innovation ecosystem discussed in this report: public policies

that encourage a robust pipeline of research and that create markets for clean
energy applications, combined with private-sector institutions that facilitate the
commercialization of innovations.

The TCJA left unchanged the existing tax credits for renewable energy (wind, solar

and geothermal), but did not extend the so-called “orphan” tax credits for fuel cells,
combined heat and power projects, geothermal heat pumps, and new nuciear power
plants. Most of these credits had expired ot the end of 2016, The Bipartisan Budget

Breakthrough
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Act of 2018 (BBA), passed in February, modified and extended the nuclear power
PTC; other credits were extended only through 2017 and their fate is uncertain,

in addition, the BBA included expanded provisions for carbon dioxide (CO2) capture,
utilization and storage (CCUS). The new 45Q provisions have the potential to
significantly enhance the development and market diffusion of CCUS technologies
and processes in both industrial and power applicotions, creating commercial
opportunities both in the US. and abroad. The provisions provide greater market
and financing certainty to help attract additional follow~on investment from the
private sector.

Récommendations for Neai-Term Actions -

+ DOE should set aside ¢ small portion of its existing applied erergy
»o RDD&D furiding to-suppoit accelerated de-risking of near-comrmercial
"ihnovative energy techhologies and systems on an‘accelerated basis; to
ke these Sptions more attractive for private copital investirent::

“ The new Section 45Q provisions’exparniding tax credits for carbon dioxide
(COw) capture; utilization; and storage (CCUS) have the potential to
significantly enhance the developmeént and market diffusion of CCUS. -
technologies and processes inboth industrial- and power-applications;
creating cominéreial opportunities both in the US: and abroad: Congress -
should consideradditional measures to facilitate and dccelarate CCUS:
deployment, including addressing Uncertainties regarding long-tertn -
post=injection catbon management, monitoring, feporting atid

i verification, ; : .
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The CHAIRMAN. Thank you so very much. I appreciate your con-
tribution.
Ms. Wince-Smith, welcome.

STATEMENT OF DEBORAH L. WINCE-SMITH, PRESIDENT &
CEO, COUNCIL ON COMPETITIVENESS

Ms. WINCE-SMITH. Thank you, Chairman Murkowski, Ranking
Member Manchin and members of the Committee, for the oppor-
tunity to address our nation’s innovation imperative.

I, too, would like to thank Secretary Moniz for his tremendous
leadership, Under Secretary Dabbar and the other members of the
panel.

I will focus my remarks on today’s reality; namely, that access
to low-cost, abundant domestic energy and increasing energy effi-
ciency and productivity coupled with the emergence of U.S. ad-
vanced manufacturing capacity has created a tremendous economic
opportunity for our country and, since 2008, a significant positive
decoupling of energy use from economic growth. This opportunity
calls for national leadership, investment and public-private part-
nerships to capitalize on this nexus of energy abundance and our
manufacturing renaissance supported by America’s great research
universities, national laboratories, global industrial enterprises,
emerging new companies and skilled workforce.

Unparalleled advances in science and technology are trans-
forming our economy and the energy systems that power and en-
able its productivity. These advances are ushering in new indus-
tries, disrupting the old and up-ending the skill sets required for
our citizens to prosper in a relentless world of competition and
transformation.

The digitization of the economy is moving ahead full speed with
smart sensors, the tsunami of data, deployment of Al and autono-
mous systems, the emergency of 5G telecom infrastructure, next-
generation microelectronics moving us beyond Moore’s Law. Ad-
vanced manufacturing processes and new materials are driving the
emergent battery technology required for all energy sources to
power an interoperable smart grid system.

Yet we face formidable challenges: challenges that demand a na-
tional commitment to optimize our innovation system, one weak-
ened by chronic underinvestment in federal R&D, hampered by
outdated innovation-hostile regulation, limited by lack of access to
patient long-term capital to support innovation cycles from startup
to scale-up, and deficient, degrading infrastructures such as inter-
state transmission.

Of both economic and national security concern are critical tech-
nology startups supported with federal investment that have pro-
duced tremendously valuable intellectual property, and many are
systematically being acquired by Chinese companies’ investors.
While U.S. investors stay on the sidelines, skilled jobs and manu-
facturing are moving to China, all incubated by the U.S. taxpayer.

As the U.S. advances its energy and production distribution sys-
tems with notable progress in energy efficiency, the Council’s re-
cent report, Secure, asserts that cybersecurity and cyber resiliency
must be at the center of grid modernization and nuclear plant mon-
itoring. With 90 percent of our grid in the private sector, companies



57

must adopt cyber hygiene, best practices, NIST standards, and the
deployment of proven technologies to harden digital systems from
pernicious cyberattacks. Underpinning all of these challenges is an
overarching workforce skills gap that requires systemic reskilling.
The Council’s report, Accelerate, sets forth a call to action, a road
map to turbocharge the competitiveness of the U.S. energy and
manufacturing enterprise.

First, the U.S. must level the federal and state regulatory play-
ing fields to capitalize on the potential of nuclear energy and new
technologies such as mini modular reactors, key components of a
low-carbon clean energy portfolio. Utilities must be allowed to re-
coup a percentage of R&D investments in rate increasing. Modern-
izing the grid must, of course, encompass cyber resiliency.

Second, we must lead in research and commercialization at scale
of the critical technologies driving global transformation for our so-
ciety, economy and national security. The Made in China Manifesto
calls for massive investments in Al, supercomputing, gene editing,
nanotechnology, blockchain, and yes, clean energy, not to mention
microelectronics and 5G. We must invest and deploy the enabling
digital infrastructure of the future including our leadership in ad-
vanced computing, exascale and the frontiers of quantum com-
puting. We must expand our strategic national network of innova-
tion hubs and regional testbeds such as Argonne Labs’ Joint Center
for Energy Storage, Berkeley Lab’s Cyclotron Row, Lawrence Liver-
more’s High Performance Computing for Manufacturing, Oak Ridge
National Lab’s manufacturing demonstration facility and PNNL’s
Good Modernization and Resiliency Center.

Third, we must ramp up our game in workforce upscaling in con-
cert with growing the number and diversity of a STEM-enabled
workforce. The U.S. is at a critical moment with systemic long-term
productivity decline and the myriad of challenges I have touched
upon. It is a time to reimagine and build a flexible, dynamic, re-
sponsive national innovation system that includes and rewards all
Americans and that ushers in a new era of inclusive prosperity and
security.

The Council on Competitiveness is launching a national commis-
sion on innovation and competitiveness frontiers to optimize the
policies and spur the initiatives to propel us toward that future,
looking at the acceleration of the development and deployment of
emergent technologies, leveraging the future of production, sustain-
able consumption in work, and optimizing the innovation systems
that are hostile or enabling, such as finance, regulation, standards,
competition policy, trade, et cetera.

Madame Chairman, Ranking Member Manchin, we look forward
to working with you and the members of the Committee to shape
this important national initiative. Thank you for the opportunity to
be with you today, and I look forward to answering any questions.

[The prepared statement of Ms. Wince-Smith follows:]
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Introduction

Thank you, Chairwoman Murkowski, Ranking Member Manchin and members of the
Committee for inviting me to discuss how we can all work together to drive innovation in
a way that allows the U.S. economy and its citizens to capitalize on America’s energy
opportunity.

My name is Deborah Wince-Smith and | am the President and CEO of the Council on
Competitiveness (Council). The Council is a non-partisan membership organization of
150 CEOs, university presidents, labor leaders and national laboratory directors
founded in 1986 to develop the impactful policies and actions that will boost U.S.
productivity, drive inclusive prosperity for every American and ensure the success of
U.S. goods and services in the global marketplace.

The Council is led by a tremendous Board of Directors including our chairman, Dr.
Mehmood Khan, the vice chairman and chief scientific officer of global research and
development at PepsiCo, Inc., our industry vice chair, Mr. Brian Moynihan, the chairman
of the board and Chief Executive Officer for Bank of America, our university vice chair
Michael Crow, the president of Arizona State University, our labor vice chair, Mr. Lonnie
Stephenson, international president of IBEW, and our Chair Emeritus, Mr. Sam Allen,
CEO of Deere and Co.

This hearing comes at an important, possibly historic time for U.S. innovation.

Given the profound impact of science and technology on U.8. prosperity, standards of
living, national security, modern society and geopolitical standing, every American
should be concerned with the nation’s ability to lead in science, technology and
innovation.

With global competition accelerating and revolutionary technological advances
unfolding, a dynamic cycle of creation, growth, disruption, decline and destruction will
continue into the future as economies at home and abroad adapt to the changing
landscape. There will be opportunities for new businesses, industries and jobs, but
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there will also be challenges for some people and communities as industries shift, labor
markets are disrupted and jobs change.

We are witnessing the unfolding and rapid advancement of some of the greatest
revolutions in science and technology in history: a new phase of the digital revolution
characterized by vast deployment of sensors, the Internet of Things, artificial
intelligence (Al) and the big data tsunami; biotechnology and gene-editing;
nanotechnology; and autonomous systems. Each of these technologies has numerous
applications that cut across industry sectors, society and human activities. Each is
revolutionary, each is game-changing in its own right. But they are now colliding and
converging on the global economy and society simultaneously, with profound
implications for U.S. economic and national security. These technologies are disrupting
industries across the globe and altering the patterns of society and many dimensions of
everyday life.

Looking specifically at the energy sector, it's clear we are moving toward a low carbon
world. For countries and companies, the ability to leverage technological change for
economic impact is fundamental to their competitiveness and economic success. In this
“Sputnik Moment,” the Council on Council on Competitiveness believes the United
States must make much greater and more strategic use of science and technology, and
that innovation must rise on the national economic agenda.

The Council has a long history in shaping America’s policy agenda in a way that fosters
innovation and competitiveness.

The Council on Competitiveness in the Energy Space

In pursuing the Council’'s mission, our distinctive, multi-stakeholder membership has
consistently agreed on a key principle: energy is everything.

In 20086, the Council released its landmark private sector report, /nnovate America that
helped spur legislative action leading to the passage of the bipartisan America
COMPETES Act two years later. Innovate America connected the dots between
research and development, STEM education and 21% century infrastructure as the
underpinnings to U.S. innovation leadership. The report also called out manufacturing
and energy—access to energy, the sustainable production of energy and the
deployment of a wide-range of energy resources to reinvigorate America’s industrial
base—as critical, “over-the-horizon” issues the nation would have to confront to ensure
long-term national competitiveness.

But even as we began making the case in 2007 and 2008 that energy security,
innovation and sustainability were the cornerstones of future competitiveness, the
nation’'s—and the world's—energy landscape was changing radically.

By 2007, America’'s growing dependence on imports to meet energy needs had become
a major factor in the trade deficit, accounting for over 45 percent of the total figure.
Dependence on foreign oil translated into an outflow of $439 billion dollars annually,
posing a serious challenge to U.S. national and economic security. At the same time,
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private sector and many state leaders were beginning to embrace the imperative for
sustainability and looking for ways to transition to a low-carbon world.

To explore further this changing paradigm, the Council developed and leveraged a
strong partnership with the Department of Energy that has spanned muitiple
administrations, both Republican and Democratic, to launch in 2007 the Energy
Security, Innovation and Sustainability Initiative. This strategic partnership recognized
the critical linkages among security, innovation and sustainability and their profound
impact on future U.S. productivity, standard of living and global market access. We
forged consensus on an agenda for change that sought to underpin a smooth and
timely energy systems transition and to ignite a brilliant new era of energy innovation,
market success, job creation and productivity. A key overarching recommendation cited
for the U.S. o develop and utilize all sources of energy sustainably and to level the
playing field on subsidies and incentives.

Then, the landscape shifted again as the United States began a more earnest
exploration toward low-carbon natural gas, coupled with the rapid expansion of
renewable energy. Facing this new energy reality, the Council began in 2013 an effort to
look at the economic opportunity at the intersection of energy and manufacturing. The
American Energy & Manufacturing Competitiveness (AEMC) Partnership was a four-
year partnership between the Council and the Department of Energy Office of Energy
Efficiency and Renewable Energy to identify public-private partnerships and other
actions that could enable America to build on this distinctive time in its energy history to
dramatically increase its energy, manufacturing and economic competitiveness.

There have been many tangible outcomes from the AEMC Partnership’s research
agenda, four national summits and nearly 10 regional dialogues across the country.
These outcomes include but are not limited to:

+ Bolstering America’s manufacturing competitiveness intelligence through the
creation of the nation’s first-ever “Clean Energy Manufacturing Analysis Center.”
« Rebuilding America’s shared manufacturing innovation infrastructure with nearly
$1 billion invested publicly and privately during the AEMC’s 4-year trajectory,
including:
o Five Department of Energy related National Network of Manufacturing
Innovation Institutes;
o Two new Manufacturing Development Facilities; and
o A new Energy Materials Network.
* Unleashing national laboratories to advance manufacturing innovation by:
o Proposing and helping to develop new, High Performance Computing for
Energy, Manufacturing and Materials programs at the Department of
Energy, and
o Defining and launching a new Technologist in Residence Program for the
national laboratory infrastructure.

A key part of this effort was a closely-related initiative undertaken with Secretary Moniz,
who I'm honored to be joined by today on this panel, to create a policy and action
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roadmap to drive energy productivity across nine key industry sectors. Accelerate
Energy Productivity 2030, created a viable plan to double U.S. energy productivity from
2010 levels by 2030.

In continuation of this effort to improve industrial energy use, the Council last year
partnered with Third Way and the American Federation of Labor and Congress of
Industrial Organizations (AFL-CIO) to release Industry Matters. The report laid out a
number of clear, achievable pathways to saving energy, increasing competitiveness and
cutting carbon in U.S. industry, including wider use of industry best practices, increased
deployment of existing technologies and accelerated innovation of new technology
solutions.

The most recent milestone in the Council’s journey to drive competitiveness and
prosperity was the October 2018 release of a policy agenda designed to turbocharge
America’s manufacturing capabilities, improve America’s competitiveness and unieash
a new wave of productivity, prosperity and resilience for all Americans. Accelerate
included the critical findings and recommendations of the Energy and Manufacturing
Competitiveness Partnership (EMCP )—a three-year effort led by a C-suite Steering
Committee which brought together more than 300 experts and practitioners across nine
dialogues to assess the economic opportunity at the nexus of energy and
manufacturing.

Accelerate looked critically at the cross-section between energy and manufacturing,
identifying challenges, opportunities and policy recommendations that impact America’'s
prosperity, productivity and security.

America’s Energy Opportunity

The EMCP posited that America finds itself facing a new, promising frontier shaped by
two powerful transformations working in tandem. The first is a generational re-
emergence of advanced and highly productive manufacturing capacity in the United
States. This revolution in production is being driven by a number of technological
developments. Virtual design through modeling and simulation using advanced
computing, for example, will accelerate innovation and product development, while
dramatically reducing costs and risks and allowing America to maintain its competitive
edge in high performance computing capabilities. And 5G capabilities will revolutionize
autonomy and connectivity, bringing the concepts of smart cities, driverless vehicles
and smart factories to life.

The second major transformation occurring in the United States is an increasing
abundance of innovative, sustainable, affordable and domestically-sourced energy.
Coupled with increases in energy productivity and efficiency, this transition from scarcity
to abundance has allowed for the decoupling of energy use from economic growth. In
fact, since 2008, primary energy usage in the United States has shrunk 1.7 percent,
even as GDP has accelerated by 15.3 percent. The ability to capitalize on these
transformational shifts will be paramount for American competitiveness now and in the
decades to come.
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At the same time, though, the United States faces a number of challenges to its global
leadership and its ability to capitalize on the energy opportunity. Much like roads, rail
and power plants were essential for the Industrial Age, infrastructure that supports
knowledge creation and technology development is vital for the 21st century economy
and U.S. success in innovation-based global competition. But, across the system, core
scientific and technological capabilities are potentially at risk due to deficient and
degrading infrastructure.

For example, the Department of Energy (DOE) has a vast portfolio of world-leading
scientific infrastructure and production assets developed over the past 75 years,
including 17 national laboratories. With a replacement plant value of more than $130
billion, the land, facilities and other assets that comprise this infrastructure represent
some of America’s premier assets for science, technology, innovation and security. This
infrastructure must be maintained and upgraded.

Industrial consumption and a heavy reliance on shale gas has created growing pressure
on the extraction infrastructure, driving the demand for alternative, clean sources of
energy from renewables to nuclear. Yet, America’s regulatory infrastructure is failing to
keep pace with innovation as outdated policies often double the construction time of
nuclear plants and offer investors only long-term returns on wind and solar investments.

As the United States continually advances and modernizes its energy systems,
efficiency is sometimes prioritized over security, making grid and nuclear plant
monitoring a significant concern. And, with nearly 90 percent of America’s energy grid
operated by private companies, the vulnerability of the grid to cyberattacks and
operational disruption is a significant threat to productivity and livelihoods. Failure to
comply with rules put in place to secure the electric grid—as in the recent case of Duke
Energy, which is facing a record $10 million fine for numerous violations of regulations
aimed at preventing physical and cyber-attacks—poses a serious risk to the security
and reliability of America’s electric grid.

In addition to these infrastructure and security concerns, the financial challenges across
the spectrum from start-up to scale up are posing a serious threat to U.S. leadership in
technological innovation—something first identified by the Council’'s 2011 report, Make,
and highlighted by examples of companies such as A123, a high-flying U.S. battery
start-up now owned by the Chinese. The U.S. must ensure access to long-term patient
capital through mechanisms such as a clean energy bank that lies outside of the
traditional venture model, which is ill-equipped to address the scale and scope of major
energy projects. Added to that, America’s lead in venture capital is shrinking, further
diminishing its role as a driver of technology and innovation globally. In 1992, U.S.
investors led 97 percent of the $2 billion in venture finance, and accounted for about
three-quarters just a decade ago. However, in 2017, U.S. investors led 44 percent of a
record $154 billion in venture finance, with Asian investors accounting for 40 percent.
And federal investment in basic research and the absence of a coordinated, defined
research agenda to guide insufficiently-funded research and development are limiting
the potential for advancement in key sectors.
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Underpinning these obstacles is a growing skills gap exacerbated by shifting workforce
demographics. With the pace of innovation accelerating rapidly, the pressure to create a
workforce with the skills needed to take on the jobs of the future is constantly mounting.
Automation—robots, machines, devices, sensors and software—is increasingly capable
of doing routine tasks that have comprised millions of American jobs. About five million
jobs in manufacturing were lost from 2001-2010, making room for new, higher-skill
manufacturing jobs to take their places in a labor market that rewards well-educated
workers who can perform non-routine work and complex tasks. But the reskilling of
workers will be essential to meeting the ever-changing needs of the U.S. and the global
marketplaces.

While all this is happening at home in the United States, global competition is ramping
up as countries around the world realize the advantages of investing in a strong
innovation ecosystem. While traditional U.S. competitors such as Germany, Japan,
France and the U.K. continue to be strong R&D performers working at the leading edge
of technology, many emerging economies seek to follow the path of the world’s
innovators and transform into knowledge-based economies whose economic growth is
driven technology and innovation. Most notable for its rapidly strengthening position,
China poses an especially formidable and growing strategic compstitive challenge,
having more than doubled its investment in R&D since 2010 and positioning itself to
outpace the United States by the end of this decade. And leadership in clean energy is
clearly a priority as evidenced by their efforts in areas such as solar.

As nations begin to recognize the advantages of investing in a strong innovation
ecosystem, the United States must re-prioritize science and technology to remain a
global leader.

Fostering U.S. Leadership in Energy Innovation

In response to these challenges, the Council developed, and put forth in Accelerate, a
“call to action” to turbocharge the U.S. manufacturing renaissance in an era of energy
abundance. Accelerate presents a road map for decision-makers and calls upon
stakeholders across the economy to engage and leverage the seminal opportunity the
current landscape has created and catalyze a new wave of productivity and prosperity.

Across its recommendations, Accelerate emphasizes the following key themes and
specific recommendations:

1. The United States cannot compete globally without establishing the next-
generation physical, regulatory and financial infrastructure needed to support the
nation’s advanced energy and manufacturing enterprise.

By shifting focus toward innovation, nuclear plants have been able to increase operating
capacity from 60 percent to more than 90 percent in the last 30 years. Yet, a recent
study by the Nuclear Energy Institute found that oil, gas, hydro, solar, wind and biomass
received more than 90 percent of all economic incentives—tax policies, regulation,
research and development, market activity, government services and disbursements—
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provided to the energy industry since 1950. By leveling the regulatory playing field, the
United States can capitalize on the tremendous potential of nuclear energy—including
advanced small modular reactors—to be a critical piece of a lower carbon energy
portfolio. Policymakers must also work to catalyze innovation in the utility sector by
allowing utilities to recoup a percentage of investments in R&D through rate increases.

More broadly, the federal government must ensure states and other entities have the
flexibility to propose and implement innovative regulatory models and explore new
technologies needed to support the advanced energy and manufacturing enterprise.
This means encouraging state and local governments to continue experimenting with
new regulatory frameworks to test and evaluate the viability of disruptive technologies
from autonomous vehicles to next-generation nuclear power.

With regard to physical infrastructure, we must break the cycle of incremental
infrastructure improvements to spur creative and forward-looking approaches to the
movement of goods, services and people. This means modernizing the electric grid and
facilitating the interoperation of smart grid technologies in tandem with ensuring their
cyber resilience.

2. Federal investment in basic research at a minimum of 1 percent of GDP is
essential to American competitiveness.

While the nation still leads the world in research and development spending, it now trails
ten European and Asian countries in R&D spending per unit GDP. Since the early
1960s, federal support for R&D has declined from nearly 2 percent of GDP to 0.8
percent. R&D funding from the private sector has steadily increased over that same
time frame, but the private sector, with shorter time horizons, places far less emphasis
on basic research than the federal government. That pattern has grown stronger in
recent decades. Between 2010 and 2018, U.S. basic research as a percent of GDP
declined by 8 percent. Increasing investment in basic research is essential to building
and maintaining a world-class innovation-based economy.

3. Ensuring U.S. leadership in critical technologies is not only an issue of
competitiveness but an issue of national security.

Computing, big data and autonomous systems are converging in the field of Al. Al will
be among the most disruptive technologies of the 21st century. It has been estimated
that Al could contribute $15.7 trillion to global GDP by 2030. The nation that leads in
Al—in its development, application and deployment—will lead a massive global
transformation of the economy, society, national security and how we live our lives.

In order to remain competitive, the United States must also continue the quest to
develop a capable exascale ecosystem with the ability to advance scientific discovery
and strengthen national security. And leadership in quantum information science and
our ability to apply this technology to grand challenges will be essential to improving
America’s industrial base, creating jobs and ensuring economic and national security.
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5G technology will offer higher speeds and lower latency making it one of the fastest,
most robust technologies to date. 5G will enable more resilient critical infrastructure,
technologies like state-of-the-art radar systems and cutting-edge communications on
land and in space. it will unlock the door to innovations not yet conceived of. To
maintain America’s competitive edge, we must accelerate our development and
deployment of 5G.

Energy storage will be essential if the United States hopes to reliably provide the energy
needed to power the technological landscape of today and tomorrow. Fossil fuels
persist as an attractive fue! source due to their storage capacity at a volume 20 times
higher than batteries and the increasing support of shale gas extraction infrastructure.
Yet, the coal and gas-supported grid is foreseeably unreliable due to environmental
instabilities and increasingly unattractive as international pressure to reduce our carbon
footprint mounts. More funding for research and development of advanced materials
can foster major technological breakthroughs in efficient fuel extraction, storage and
deployment of sustainable energy solutions. Efforts such as the Joint Center for Energy
Storage Research at Argonne National Laboratory are critical for identifying materials
with the potential to revolutionize energy storage. Breakthroughs in this area will be
necessary to fully reach the potential of electric cars and other modes of transportation.

We must capture the value of investments in research by supporting and accelerating
the development of these and other advanced technologies in the United States. This
will require increasing federal and state support for regional technology test beds, such
as the Manufacturing USA institutes and Cyclotron Road at Lawrence Berkeley National
Laboratory that incentivize technology transfer and partnerships between national
laboratories, universities and businesses.

4. Catalyzing the power and potential of the American worker to thrive in an
advanced manufacturing economy must be a fundamental priority as workforce
demographics shift and the skills gap persists.

We need a workforce capable of succeeding in the hyper-connected, cross-disciplinary,
advanced technology-based economy of the next decade. A number of steps are
necessary to mitigating the challenge, including: growing the number and diversity of
the STEM-educated workforce, establishing greater opportunities for experiential
learning (e.g. co-ops and apprenticeships) and reforming rules to retain more skilled
immigrants. Other critical steps include encouraging greater lifelong learning
opportunities and re-establishing vocational education classes in K-12 that build a base
for skilled trades.

5. Securing U.S. energy critical infrastructure and next generation innovation is
more important now than ever. For this reason, the Council in 2018 launched a three-
dialogue series on increasing the resilience of the nation’s critical infrastructure,
intellectual property and industrial operations against cyberattack. The final report,
Secure: Ensuring Resilience and Prosperity in a Digital Economy puts forth a National
Agenda for Cybersecurity with the power to secure and strengthen America’s
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resilience to the growing cyber threat while ensuring the nation remains competitive,
productive and prosperous.

Of the 16 critical infrastructure identified by the Department of Homeland Security, the
energy sector is disproportionately targeted by cyberattacks. At the same time,
protecting our energy infrastructure from cyber threats is fundamental to U.S. economic
and homeland security because of its crucial intersection with other critical
infrastructures—from power and manufacturing to transportation and healthcare—that
rely on energy to operate.

Building cybersecurity protections into new technology, requiring that all new technology
applied to the electric grid meet widely-accepted security standards to build cyber
resilience and protecting intellectual property on new energy innovations will be
essential as the potential cost of cyberattacks escalates and the reliability of networks is
increasingly called into question.

Anocther important measure in protecting America’s critical technologies is requiring,
under the new authorities of the Foreign Investment Risk Review Modemization Act
(FIRRMA) in the National Defense Authorization Act for Fiscal Year 2019, that the
Committee on Foreign Investment in the United States (CFIUS) conduct full reviews and
regulatory approval for any foreign investment or ownership interest from hostile nations
in American advanced startups, joint ventures or acquisitions. This applies not only to
cybersecurity and energy but across the spectrum of technological innovation. These
measures are necessary as countries like China target the U.S. start-up ecosystem in
an effort to gain a competitive advantage.

Notwithstanding a currently robust economy, U.S. leadership in technology and long-
term competitiveness are under threat. But the potential to succeed in the global
economy is greater than ever before. This potential demands the urgent attention of our
nation’s leaders and a focused examination of our capabilities, investments and policies
related to science, technology development and innovation. As the global landscape
changes, the status quo is no longer sufficient if the United States hopes to maintain its
leadership and capitalize on its bright energy future. A comprehensive strategy such as
that put forward in Accelerate and similar reports by my colleagues on the panel will be
essential if the U.S. hopes to achieve its full potential.

Conclusion

The United States is at a critical moment in time in national innovation systems research
and action. New, transformational models driven by the democratization and self-
organization of innovation are emerging and taking root across the nation. But, at the
same time, U.S. leadership is under threat. The United States faces now what are
perhaps existential challenges to its global leadership in innovation. America’s role in
technology advancement is diminishing globally—now accounting for only one-quarter
of global research & development, down from two-thirds in 1960. Competitors are
increasing their capacity for innovation. And rapid technological change and disruption
have impacted the workforce and communities.
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With these challenges in mind, the Council recently launched a National Commission
on Innovation & Competitiveness Frontiers to double down on all efforts to optimize
the nation for this new, unfolding innovation reality. Over the coming three years, the
Commission will assemble top minds from industry, academia, labor and the national
laboratories to:

¢ Sharpen national, regional and local leaders’ understanding of a dramatically
changing innovation ecosystem, and provide them a prioritized policy
recommendation Roadmap for the coming decade;

» Harness changes in the global innovation ecosystem and implement the
Commission’s recommendations to accelerate and sustain annual productivity
growth at levels between 3.5 and 4 percent, and push U.S. living standards (GDP
per capita) to the top of global rankings by the end of the decade; and

» Address, propose and potentially launch private, public and public-private
solutions to specific national and global grand challenges—as defined by the
Commission’s work.

The Commission will build on the Council’s intellectual capital in this space developed
over the past thirty years. Organized around three critical competitiveness pillars—
capitalizing on emergent and converging technologies; optimizing the environment for
innovation systems; and exploring the future of production, sustainable resource
consumption and the future of work—the Commission will acknowledge and respond to
the urgency of the challenge at hand, understand and describe this new reality and
position the nation to prosper and thrive with a clear set of recommendations that will
enhance and expand the nation’s innovation capacities at the heart of competitiveness.

More than any country in history, the United States has been the greatest driver and
beneficiary of technology, innovation and a vibrant entrepreneurial spirit. We stand
ready to work with you to set in place the policies needed to ignite a new era of
competitive and sustainable growth and productivity.

Thank you.
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Foreword

Following the success of two major initiatives
exploring the U.S. economic opportunity in the
energy and manufacturing spaces, the Executive
Committee of the Council on Competitiveness
(Council) recommended a new project be under-
taken o merge these two policy streams and
identify a set of recommendations that could ensure
U.S. leadership founded on access to a diverse
energy portfolio and the potential of an advanced
manufacturing renaissance. Rising to the challenge
were a tremendous set of leaders from among the
Council membership who championed this effort,
starting with the co-chairs: the Honorable Rebecca
Blank, chancellor of the University of Wisconsin,
Madison; Mr. Christopher Crane, president & CEO
of Exelon Corporation; Mr. Jeff Fettig, chairman of
Whirlpool Corporation; Dr. William H. Goldstein,
director of Lawrence Livermore National Laboratory;
and the Honorable Subra Suresh, former president
of Carnegie Mellon University.

Consistent with the Council's mission to strengthen
U.S. productivity, raise the standard of living for all
Americans and expand global marketls, its members
and staff seek to constantly push the policy enve-
lope, asking what's new on the horizon that holds
the potential to either grow or inhibit U.S. prosperity.
Accelerate captures the disruptions across the
energy and manufacturing sectors and puts forth

a road map for policymakers to follow that will allow
the United States to lead, to capture value from new
technologles and 1o prepare iis citizens to prosper
long term. The policy underpinnings of this effort
will be a critical springboard for the launch of the
National Commission on innovation and Competitive-
ness Frontiers later this year.

Our thanks go out fo the Council's members, its staff
and the hundreds of experts who generously contrib-
uted their time 1o ensuring this report is both sub-
stantive and impactful.

Sincerely,

(el

Samuel R. Alien
Chairman and Chief Executive Officer
Deere & Company

Vice Chairman and Chief Scientific Officer
of Global Research and Development
PepsiCo, Inc,

Michael M. Crow
President
Arizona State University

Charles O. Holliday, Jr.

Chairman
Royai Dutch Sheli plc

bt L4 mu«g«}«

Deborah L. Wince-Smith
President & CEQ
Councit on Competitiveness



73

Letter from the Co-Chairs

In 2004, the Council sparked

a national movement to “Innovate
America,” resulting in passage

of the America COMPETES Act
and a renewed commitment

to U.S. creativity, entrepreneurship
and global leadership in emerging
technologies. Five years later, we
declared “Energy is Everything”
and embraced a broad portfolio
of energy resources fo power
America’s innovation engine.

In 2012, the Council galvanized
an American manufacturing
movement centered around the
nascent advanced manufacturing
renaissance and its critical role
to the vitality of the entire U.S.
economy.

Today, America has entered a new frontier shaped
by the tremendous opportunity of low-cost domestic
energy abundance, the proliferation of game-chang-
ing disruptive technologies and the availability of
powerful tools from supercomputers to 3D printers
to futuristic biomanufacturing processes. And the
Councit is leading once again.

in Accelerate, we are pleased to share with you
the critical findings and recommendations of the
Energy and Manufacturing Competitiveness Part-
nership (EMCP). Led by a C-suite Steering Commit-
tee comprising leaders from industry, academia,
labor and the national faboratories, the EMCP
brought together more than 300 experts and
practitioners to assess the economic opportunity at
the nexus of energy and manufacturing and define
a national policy agenda to catalyze the U.S. manu-
facturing renaissance. Through the leadership of
several Steering Commitiee members, the EMCP
approached America’s diverse industrial landscape
not as a monolith, but as a network of distinct but
interdependent sectors, each with its own chal-
tenges and opportunities.

Through six diverse regional sector studies encom-
passing bloscience, advanced malerials, water, agricul-
ture, energy and aerospace, the EMCP explored how
cross-cutting factors play out within each sector,
identified discrete factors shaping each sector and
assessed common threads that span the economy.
One such thread that wound itself inextricably
throughout every sector was the promise and pitfall
of cybersecurity. At the direction of the Steering
Committee a related, but separate policy effort was
undertaken fo develop a national agenda for cyber-
security and a companion report accompanies

this one.
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Importantly, Accelerate presents a road map

of concrete actions from investments in research

to regulatory experimentation fo educational innova-
tion. And it calls upon ali stakehotders in the econ-
omy to engage and leverage the seminal opportunity
the current landscape has created and catalyze

a new wave of productivity and prosperity.

Looking forward, the work of the EMCP provides
an important foundation upon which the Council’s
National Commission on Innovation & Competitive-
ness Frontiers can build, Formally faunching later
this year, the Commission will continue the Counci’s
thought leadership, pushing the policy envelope

to capture the economic potential of emerging

technologies and America’s ever evolving innovation

ecosystem.

We thank the private and public sector leaders and
experts for their support and contributions and look
forward o working together fo build a more prosper-
ous, productive and secure America,

Coio G

Christopher Crane
Prasident & CEC
Exelon Corporation

Sincerely,

PP&&QCQ %?“{a.u\ga_.

Rebecca Blank
Chancelior
University of Wisconsin—Madison

William H. Goldstein
Director
Lawrence Livermore National Laboratory
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Executive Summary

For more than two centuries,
American industry has harnessed
the nation’s abundance of natural
resources, energy, talent and
ingenuity to power and unleash
the most productive economy

in the world.

Dramatic shifts spurred by globalization, recession,
regulatory and tax trends, ascendant and increas-
ingly advanced industrial activity across Europe and
Asia and accelerating changes in consumer demand
have buffeted America’s industrial and manufacturing
enterprises, threatening America’s place as a global
superpower. Yet today, America finds itself facing a
new, promising frontier shaped by two powerful
transformations working in tandem:

.

The generational re-emergence of advanced and
highly productive manufacturing capacity in the
United States; and

The increasing abundance of innovative,
sustainable, affordable and domestically-
sourced energy.

To capitalize on this convergence, the Council on
Competitiveness (Council) launched the Energy and
Manufacturing Competitiveness Partnership (EMCP)
in 2015, which leveraged more than a decade of
leadership in the energy and manufacturing fields
that began with the seminal National Innovation
Initiative (NIf) in 2003 and continued most recently
with the Energy Security, Innovation and Sustainabil-
ity Initiative (ESIS, 2007-2009), the U.S. Manufactur-

ing Competitiveness Initiative (USMCI, 2010-2011)
and the American Energy and Manufacturing Com-
petitiveness Partnership (2012-2016). The EMCF,

a C-suite-directed initiative, focused on the shifting
global energy and manufacturing landscape and how
energy transformation and demand are shaping
industries critical to America's prosperity and security.

Over a span of three years, the Council executed
an ambitious roadmap to focus national attention
on the intersection of the energy and manufactur
ing transformations. Recognizing the tremendous
innovation and changing landscape across the manu-~
facturing sector, from 3D printing to the proliferation
of sensing devices and the use of advanced model-
ing and simulation tools, the EMCP was designed

to approach the country’s diverse industrial land-
scape as a network of distinct but interdependent
productive sectors, each with ifs own challenges
and opportunities. Through a series of sector studies
hosted around the nation by members of the Steer-
ing Committee, the EMCP identified the salient
questions and challenges facing the energy-manu-
facturing nexus within key sectors of the economy.
Seeking input from leaders throughout the private
sector, academia, the research and scientific commu-
nity, NGOs and government, each of the six sector
studies looked at how decision-makers can bolster
the critical pillars of competitiveness-technology,
talent, investment and infrastructure.

The picture painted by these sector studies is, from
one perspective, bleak.

« The United States is plagued by outdated
regulatory and physical infrastructure that is
failing to keep pace with innovation in sectors
from materials to aerospace and beyond.
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The absence of a coordinated, defined research
agenda fo guide insufficiently-funded research
and development is limiting the potential for
advancement in key sectors such as bioscience.

Science has a perception problem that can only
be combatted through increased scientific literacy.

The skills gap is growing, and will continue to get
worse as workforce demographics shift.

+ And, while all this is happening at home in the
United States, global competition is ramping up as
countries around the world realize the advantages
of investing in a strong innovation ecosystem,

Yet, the United States is not without its strengths,
American innovators—icons of industry, brilfiant
scientists and englneers, and everyday geniuses—
continue the nation’s 150-year legacy of reshaping
entire industries, the markeiplace and the world with
breakthrough technologies, products and services.
Hundreds of renowned research institutions and
national faboratories keep the United States at the
forefront of knowledge creation and on the cutting
edge of game-changing technologies. The nation’s
culture of entrepreneurship, risk-taking and creativ-
ity—stoked by venture capital—is unmaiched around
the globe. Additionally, America’s transition from
energy dependence to energy abundance is of
unparalleled promise,

Wise policies and practices, in many cases, could
unleash these American strengths, boost manufactur-
ing engines and raise technology commercialization
to new heights, driving U.S. economic growth and job
creation. Developing next-generation physical and
regulatory infrastructure to support the nation’s
advanced energy and manufacturing enterprise will
build the foundation upon which America’s economy

“The United States stands at an
economic inflection point where we
can either seize the opportunity in
front of us or watch others take the
lead in critical sectors from Al to
big data to additive manufacturing.”

The Honorable Deborah L. Wince-Smith
Prasident & CEQ
Council on Competitiveness

can thrive and compete. Fueling the innovation and
production economy from idea to implementation will
allow for increased industrial productivity as the
United States reaffirms its leadership in new knowl-
edge creation and its end-use application. Moreover,
catalyzing the power and potential of the American
worker to thrive in an advanced manufacturing econ-
omy will enable the advanced technology-based
economy of the next decade to provide higher-paying
jobs for American families.

These key challenges, opportunities and recommen-
dations discussed throughout sector studies on
water and manufacturing, advanced materials, biosci-
ence, agricultural and consumer water use, energy
and aerospace—along with findings from a three-
dialogue series on American cybersecurity—underpin
this report and are the foundation for the Council's
call fo action.

The recommendations in this report—and the over
ten years of work they encompass—have the power
to turbocharge America’'s manufacturing capabilities,
improve America’s competitiveness and unleash

a new wave of productivity, prosperity and resilience
for all Americans.
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- -autonomous vehicles to next- generatlon .
“nuclear power.

©have the: flexibility fo. propose and imple=: -

- mentinnovative regulatory models-and::
“explore new technologies needed o -

‘o continue expenmentmg with-new regulas
93
“Review federal regula‘nons o avoid redun- k

dancy and ensiire states and other entities . ‘
3

enable the advanced energy and manufac— )
: turmg en‘(erpnse =

“Make permanent Executxve Order 18771

requiring-that, subject to.a rigorous.cost/.

“benetitanalysis, two regulat;ons be: ehmw-~

nated before'a new regu!at on can be

promu gated

2. Break the cycle of mcremental mfrastructure
improvements to spur creative and forward-"
looking ‘approaches to the movement of -
‘goods, serwces and people

oo,

Substantta!ly increase federa\ and state

o investment inUS, infrastricture to-repair v
~and-modemize the roads; airports, rails and:.

water sysiems upon: whsch the eCOnomy

rehes
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kQQ

Dedfcate a percentage of federal sm‘ra-
structure funding 1o leapfrog: demonstration

: pro;ects that leverage rext-generation.

technologxes, Sbviating the ‘patchiand

‘repair’cycle of current mfrastructure ;
‘spending. ; ;

Create. partnershtps between mdustry and

local governments to develop and-propose
innovative infrastructure models that sup=: .-

‘port next genera’non energy and transpor— o

‘tation mltatlves

Bring the Umted States energy market
-~ infrastructure and regu!atory ecosystem into: -
the 21st century

31

32
~+.state regulations to allow. utilities to depre--

Secure U:S: !eadershxp and: nves’tment .
in nuclear technology. by Jeveilng‘ the:

“oregulatory playing field, ensuring adequate
- funding for basic nuclear research and
- Increasing support for nuclear engmeenng :
kdegree programs. :

Moderrize the: electnc gnd by reformmg g

o Ciate outdated equrpment more qurckly

Cata!yze inriovation in ‘the utmty séctor:.
by -allowing utilities to-recoupa percen‘rage

. of mvestments it R&Dthrough rate e

= lncreases
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Fuel the :nnovatlon and produchon economy

from ndea to ;mplementatlon

4. Reatfirm U.S. leadership in néw knowledge

“ereation and better align research efforts to

meet the grand chal!enges facmg the nation : .

. and the world.

4

42

lncrease federa! mves‘cment in research

and development across alfagenciesata
consrsten‘: pred ictable rate w:th an overa!l S

B2

target of one percent of GDP.

.

Under the di rec’non of the Scxence Adwsor 8 . :
10 the President, align the national researchk‘ G

. ;agenda with industrial grand challenges

soiand pri ioritize di istuptive technologies with:

5. Capture the va!ue of |nvestments in researchk

high: potential for economic. and soc‘e’za!
impact;

“by supporting and: accelerating: the
= deve!opment of advanced technolog|es i
the Umted States

‘51

52,

mcrease federal and state suppor‘x for
-regional technology test beds, such as the :

: Manufacturmg USAinstitutes. :

lncentzvuze techno!ogy transfer and par‘mer— ‘
ioships:betweern national laboratories, umver—~
- sities and businesses by streamlining’
- intellectual property agreements; consider-
“ing mdustry collaboration as: part of promo-
tion and tenure decisions, and clarifying -
< that industrial partnerships with national -

. labs are consistent with their mission.

53

Close the valley of death in pnvate sec’for ;
;fmancmg to enable startup ’co scale up

Leverage and secure the Internet of Thmgs
fo drive industrial productivity. o

81

!ncent;v«ze the Use of. sensors ard monitor:

mg eqmpment forenergy and ‘water usage
“in-public and private sector facilities at the

state and local level through tax credits
: “and other mechamsms

Encourage grea’ter uptake and useof

“standardized ‘cnienax suchras thHe UL

Cybersecurity Assurarice Program. .
s todncrease supply chain security:

i 68 ‘

i o the electric grid meet widely-accepted

Require! that all new technology applied

security standards to build:cyber resi hence

o Extrapolate msnght and vaiue from the data

tsunami

T

Create a federal venﬁca’aon system for

crowdsourced data to enhance the validity.

and usefulness of knovv!edge databases :

: across mult pie sec‘cors



80




81

Setting the Stage

Throughout history, the great leaps in productivity
and prosperity at the heart of national competitive-
ness have come through the emergence, adaptation
and adoption of new processes, materials and tech-
nologies. Innovation—the intersection of invention
and insight, leading to the creation of social and
economic value—is the life-blood of the global econ-
omy and the catalyst behind these trends. Innovation
is deeply embedded in America’s DNA. From birth,
the United States has been fundamentally about
exploration, opportunity and discovery; about new
beginnings; about setting out for the frontier.

When the Council began to explore the energy and
manufacturing nexus back in 2007 through its
Energy Security, Innovation and Sustainability Initia-
tive, the world looked very different. Energy con-
sumption was rising exponentially, driven by
worldwide population growth, swiftly developing
sconomies, improving global living standards and the
burgeoning use of ever more energy-dependent
technologies. America’s growing dependence on
imports to meet energy needs had become a major
factor in the trade deficit, accounting for more than
45 percent, while dependence on foreign ol trans-
lated into an outflow of $439 billion dollars annually.
At the same time, the growing dependence on
foreign sources of natural gas and petroleum was
posing a serious challenge to U.S. national and
economic security, and private sector leaders were
beginning to embrace the imperative for sustainabil-
ity and transition to a low-carbon world.

Today, America finds itself facing a new, promising
frontier shaped by two powerful transformations
working in tandenm

“Lower cost, clean and abundant
energy from multiple sources

have enabled the United States

to recapture momentum in the
manufacturing sector. We must
make sure policy keeps pace to
allow the U.S. to capture maximum
value from this new reality.”

Mr. Christopher Crane
President & CEO
Exelon Corporation

» The generational re-emergence of advanced and
highly productive manufacturing capacity in the
United States; and

+ The increasing abundance of innovative,
sustainable, affordable and domestically-
sourced energy.

The ability to capitalize on these transformational
shifts will be paramount for American competitive-
ness, now and in the decades to come.

The Manufacturing Engine

The U.S. manufacturing sector remains the nation’s
primary driver of research and development, the
largest employer of science and engineering gradu-
ates in the country and a central catalyst for tech-
nology innovation throughout the economy.
Manufacturing remains critical to the American
economic prosperity and the future of U.S. global
competitiveness. As a sector, manufacturing con-
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Figure 1. Addressing the Manufacturing Skills Gap: Sharing the Good News fo Attract

and Retain Top Talent

Sourcs: Deloitte and the Manufacturing Institute. A Look Ahead: How Modern Manufacturers Can Create Positive Perceptions with the U.S. Public.

Manufacturing has:

The virtuous cycle of improving
> the existing image and recruiting

| I I

The highest The highest
tenure for workers  employee tumover  average wages
(9.7 years) rates (2.3 percent)  ($81,289) across

all private-sector
industries

tributes approximately 11.6 percent of U.S. GDF/
and employs more than 12 million people directly

in addition to supporting 5.4 million more jobs
indirectly.” As Figure 1 highlights and the Council's
Make report made clear, manufacturing jobs are no
longer dirty, dumb, dangerous and disappearing, but
are high-tech, high-paying and highly sought after
positions at the forefront of the U.S, manufacturing
resurgence. The effect of this sector’s job creation

1 Gross Domestic Product by Industry: First Quarier 2018, Bureau of Labor
Sta¥istics and Bureau of Economic Analysis.

2 Bureau of Labor Statistics, Employment by Major industry Sector,
October, 2017.

| © the best talent can help reshape the

¢ U.S. manufacturing industry and better
enable it to compete in the fast-paced,
innovative and transformative times,

Performed more
than three-quarters |
of all private-sector
research and !
development (R&D)

is reflected in the decreasing unemployment rate

in the United States over the last several years.
Lowering the 2010 unemployment rate from

8.6 percent fo b percent would have required the
creation of 21 million jobs. Today, the U.S. unemploy-
ment rate hovers around 4 percent—in large part due
to the growth of the manufacturing sector. In addition
to its tremendous job creation power, the manufac-
turing sector adds $1.34 in output from other sectors
for every dollar in final sales of manufactured prod-
ucts—the largest multiplier of any sector?

3 Facts About Manufaciuring, Manufacturing [nstituie, MAPY National
Assodiation of Manufacturers.
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A Transformation in Production

Today, U.S. manufacturing stands at a critical junc-
ture. A deep and disruptive transition in U.S. manu-
facturing has taken place since 2000, with more
than 60,000 American factories, companies and
almost & million manufacturing jobs lost from 2001
to 2014

However, particularly since the Great Recession, the
pendulum has started to swing back in the direction
of the United States. Wages overseas are rising; for
example, labor costs in China more than quadrupled
from 2004 to 2016.° The shale oil and gas boom
has given many American producers a critical cost
advantage. Meanwhile, according to the Global
Manufacturing Competitiveness Index, a joint effort
with Deloitte, industry executives now rank the U.S.
at No. 2 globally for manufacturing competitiveness,
only behind China, and trending up during the past
decade.

At the same time, U.S. manufacturing is in the midst
of an ever-evolving digital disruption. The physical
and digital worlds are converging across numerous
dimensions through sensors, networks, additive
manufacturing and a data fsunami. Sensing and
computing across natural, bullt and social environ-
ments are generating data at unprecedented scale,
complexity and speed.

in production alone, companies will have the ability
to better understand the operation of every machine
and device, the cut of every blade, every movement
of material and the consumption of energy minute

by minute. Virtual design through modeling and simu-

4 Statistics of U.S. Businesses, The United Stales Census Bureay, 2015
(accessed September 2018),

5 Bank of America Merryt Lynch Global Research, January 14, 2018,

lation using advanced computing will accelerate
innovation and product development, while dramati-
cally reducing costs and risks.

Autonomous systems are advancing rapidly. Applica-
tions such as drones and driverless vehicles are
being applied in factories to detect and react to
problems, enabling the adaptation of machinery and
systems to changing conditions. This is a productiv-
ity revolution in the making. Investments in smart
manufacturing could generate cost savings and
productivity gains worth $10-$15 triflion in global
GDP over the next 15 years—that is almost as big
as the U.S. economy.

Decoupling Energy from Growth

Interestingly, American economic growth is picking
up steam without a parallel increase in energy con-
sumption, Since 2008, primary energy usage has
shrunk 1.7 percent, even as GDP has accelerated
by 15.3 percent (see Figure 2).° This occurrence of
economic growth without a corresponding increase
in energy consumption Is consistent with a long-term
decoupling trend the United States has seen during
the past 20+ years. From the years 1850-1990,
demand for electricity increased annually at an
average rate of 5.9 percent, However, this pattern
took a dramatic turn from 1990 through 2007, when
the demand for electricity dropped to 1.9 percent
growth per year. Since 2007, however, the United
States has seen a contraction in electricity demand
per year by an average rate of 0.2 percent. And in
2017, energy usage shrunk 1.7 percent while U.S.
GDP increased by 15.3 percent

8 2018 Sustainable Energy in America Factbook, Bloomberg, 2018,

7 ibid.
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Figure 2.

Source: Bureau of Economic Analysis, EIA, Lawrence Berkeley National Laboratory,
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This decoupling of economic growth from energy
use can be attributed to a variety of factors, including
an increase in energy productivity—doing more with
less—generating greater economic weli-being for the
amount of energy used, and improving living stan-
dards and quality of life.® In response fo a presiden-
tial call to action and in recognition of the importance
of energy productivity to American competitiveness,
the Council in 2014 partnered with the U.S. Depart-
ment of Energy and the Alliance to Save Energy

to launch a series of public dialogues and executive
roundtables to raise awareness, galvanize support
and develop the strategies necessary 10 double the
United States' energy productivity by 2030. The
outcome, Accelerate Energy Productivity 2030:

A Strategic Roadmap for American Energy Innova-

8  Accelerate Energy Productivity 2030, U.S. Depariment of Energy,
Council on Competitiveness and the Alliance ot Save Energy. September
16, 2015,

BNEF
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tion, Economic Growth and Competitiveness, put
forth a plan to achieve significant growth in energy
productivity—which, because of this and related work
is largely being realized today.

Another factor that has contributed to the weakened
correlation between economic growth and energy
usage is the increase in energy-efficient technolo-
gies, processes and practices. This transformation
has been driven in large part by the availability

of low-cost natural gas, which is three times more
efficient than electricity in providing energy for end-
use applications and has increased exponentially as
a share of total energy used in U.S. manufacturing.
In fact, natural gas comprised nearly 40 percent

of all energy consumed by the industrial sector in
2015~up almost 10 percent from 2006.°

9 U.S. Primary Energy Consumption by Source and Sector, U.S, Energy

information Administration, 2017,



85

A Changing Energy Mix

Historically, industrial power prices in the United
States have been among the most affordable in the
world—second among the G7 nations only to Cana-
da'® Even as exchange rates have brought down the
dollar cost of energy for consumers in China, Japan
and Mexico, U.S. energy costs remain competitive,
with prices nearly half as low as Japan and Germany.
And as the energy mix in the United States contin-
ues fo shift away from its former rellance on fossil
fuels, corporations and state and federal govern-
ments are increasingly driving the energy transfor-
mation, demanding cleaner energy and seeking

to capture gains from energy efficiency.

Meanwhile, the legacy coal and gas-supported
electric grid is under fremendous strain due to
increasingly diverse energy sources coupled with

Figure 3. Natural Gas Imports

Source: US, Energy Information Administration

environmental instabilities and extreme weather
phenomena and volatllity. American advanced manu-
facturing requires a reliable, resilient, diverse and
flexible energy mix that encourages efficiency and
supports the opportunity for investment in new
technologies that benefit Americans, underpin
national security needs and convey competitive global
advantage to U.S. businesses.

From Scarcity to Abundance

Concurrent with the divergence between energy use
and economic growth, the United States solidified
its role as a global exporter of liquefied natural gas
in 2017 when, for the first time, it became a net
exporter—rather than importer (see Figure 3)—

of natural gas in each month of the year"" Enabled
largely by a 7.2 percent decline in the amount of
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10 2018 Sustainable Energy in America Factbook, Bloomberg, 2018,
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11 ibid,
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natural gas used to generate gas-fired power, domes-
tic gas demand decreased by 2.8 percent year-on-
year. The growth in foreign demand for liquified
natural gas occurred at the same time as this growth
in efficiency, allowing the United States to become

a net exporter of natural gas. The United States
currently exports liquified natural gas to 25 countries,
with its primary importers being Mexico, South Korea,
China and Japan.?

But natural gas is just one piece of America’s energy
puzzle. Nuclear power, for example, is an important
part of the energy sector and provides ancther clean,
viable energy alternative. In the past thirty years,
operating capacity in nuclear power plants increased
from 60 percent to over 90 percent¥ Yet even with
this marked increase, regulatory barriers hinder the
nuclear industry from reaching its full potential, A
recent study by the Nuclear Energy Institute (NEI)
found that oil, gas, hydro, solar, wind and biomass
received more than 90 percent of all economic
incentives—tax policies, regulation, research and
development, market activity, government services
and disbursements—provided to the energy industry
since 1950 And while the government has sup-
ported nuciear energy development through research
and development programs, over the last twenty
years, federal spending on research and develop-
ment for coal and renewables has exceeded funding

12 20718 Sustainable Energy in America Factbook, Bloomberg, 2018,
13 Nuclear Power in the USA, World Nuclear Association, August 4, 2017,

14 Analysis of U.S. Energy Incentives~1950-2016, Nuclear Enargy
institute, 2017,

allocated to the nuclear industry. Throughout a
recent six year period alone (2011-2016), renewable
energy obiained more than 27 times more federal
aid in incentives than nuciear energy. Maintaining
America's leadership position In nuclear fechnology
and innovation is essential for economic competitive-
ness in the global energy market.

The stage is set for the United States to lever-
age these transformations in energy and manu-
facturing through a comprehensive public and
private sector strategy that capitalizes on the
nation’s unparalleled competitive assets. An
America that operates in a 21st century infra-
structure—with a high-skilled workforce and
access to the capital needed to grow and scale
entrepreneurial businesses—has the potential
become the catalyst for a new wave of produc-
tivity and prosperity and to usher in a low-car-
bon world.
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A Decade of Leadership in Energy

and Manufacturing

The EMCP builds upon and merges more than a
decade of leadership in the Council's energy and
manufacturing work streams, including most recently
the Energy Security, Innovation and Sustainability
Initiative (ESIS, 2007-2009), the U.S. Manufacturing
Competitiveness Initiative (USMCI, 2010-2011) and
the American Energy and Manufacturing Competi-
tiveness Partnership (2012-2016).

Each of these initiatives sought to navigate the ever-
evolving currents of national and global economies
punctuated by technological, demographic and finan-
cial disruptions. in 2008, the goal was energy security
rather than independence, interest rates were headed
to near zero and the potential economic impact from
technologies like artificial intelligence were more
theoretical than quantifiable. Today, the United States
is an energy exporter, the Federal Reserve is raising
rates in the face of full employment and rising inflation
and Al is projected to be a trillion-dollar industry. The
Council's policy efforts have adapted, as well.

Energy Security, Innovation & Sustainability
Initiative

In July 2007, the Council launched the ESIS Initiative
in recognition of the critical linkages among these
three issues and their profound impact on future
U.S. productivity, standard of living and global market
access. The genesis for the initiative was the Coun-
cil's 2004 groundbreaking report of the National
Innovation Inftiative (NI, Innovate America. The Nl
recognized energy security as a significant challenge
on the horizon—one that, if left unaddressed, could
undermine America’s competitiveness in the years
ahead (see Appendix B).

Drawing upon more than a year's work of inquiry and
real-time research and analysis, in anticipation of the
2008 change in administration, the Council issued

Prioritize: A 100-Day Energy Action Plan for the

44th President of the United States in September
2008. The plan identified six “pillars” as integral 1o
U.S. energy transformation and as top priorities for
presidential action upon taking office:

+ Setting the global bar for energy efficiency;

Assuring access to clean and competitive energy;

Jumpstarting energy infrastructure investments;

Spawning technological breakthroughs and
entrepreneurship;

Mobilizing a world-class energy workforce; and

Clearing obstacles to a national transmission
superhighway.

At that time, the Council stressed that the action plan
recommended in Prioritize marked the beginning, not
the end, of a concerted commitment fo ensuring the
United States achieves energy security in a sustain-
able manner, while driving the competitiveness

of its workers, industries and economy.

Following Prioritize, the Council released Drive:

A Comprehensive Roadmap to Achieve Energy
Security, Sustainability and Competitiveness at the
20089 National Energy Summit in Washington, D.C.
Drive bullt upon the energy action plan in Prioritize
and set forth the next set of integrated building
blocks for America’s energy transformation, sustain-
ability and competitiveness in a low-carbon world
(see Figure 4). The recommendations presented

in Drive sought to unleash a new era of American
innovation, create new industries, revitalize and
re-build manufacturing jobs across the nation, keep
and grow high-skilled jobs for this generation and
the next, and accelerate economic prosperity for

all Americans.
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Figure 4. Prioritize and Drive Recommendations
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Prioritize and Drive laid out the prerequisites that
must be met to be successful in developing and
deploying large-scale sustainable energy solutions
worldwide. Additionally, Drive set forth, in its compre-
hensive roadmap building upon the six pillars, specific
recommendations that, if implemented, would achieve
the trifecta of simultaneously promoting America’s
economic competitiveness, enhancing national secu-
rity and improving the global environment (see
Appendix C).

U.S. Manufacturing Competitiveness Initiative
Building on the heritage of the NI, the Council also
identified manufacturing as an issue critical to the
preservation and growth of U.S. innovation capacity.
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In June 2010, the Council launched the U.S. Manu-
facturing Competitiveness Initiative (USMCI) to begin
a new dialogue on the policies and practices neces-
sary to ensure the long-term success of American
manufacturing. Over two years, this initiative identi-
fied critical research, innovation and policy trends
contributing to the re-emergence of America’s
high-value, advanced and productive domestic
manufacturing sector,

The USMCI culminated in the report Make: An
American Manufacturing Movement that identifies
key trends and offers solutions that enable manufac-
turing to strengthen America’s competitiveness, stan-
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The National {nnovation Initiative, co-chairgd
by Mr. Samuel J. Palmisano, Chairman and
Chief Executije Officer, IBM Corporation U.S. Manufac
and Dr. G. Wayne Clough, President, Georgia o
Institute of Technology, presented a National
Innovation Agenda that has been put to
action in many ways and underpins the
America COMPETES Act signed into law by
President Gedrge W. Bush in 2007,
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dard of living and national security. Make put forth
a comprehensive agenda to solve five critical chal-
lenges facing American manufacturing:

» Fueling the innovation and production economy
from start-up to scale-up;

.

Expanding U.S. exports, reducing the trade deficit,
increasing market access and responding to for-
eign governments protecting domestic producers;

Harnessing the power and potential of American
talent to win the future skills race;

.

Achieving next-genaration productiviy through
smart innovation and manufacturing; and

Make

AN ican Manulahurog Moveriert

+ Creating competitive advantage through next
generation supply networks and advanced
logistics and infrastructure.

As a part of the USMCI effort, the Council, in part-
nership with Deloitte, created the Global Manufac-
turing Competitiveness Index (GMCI), which
reflects the views of more than 400 senior manufac-
turing executives worldwide. The GMCI, conducted
firstin 2010 and then again in 2013 and 2016, found
that in order fo succeed in the rapidly evolving global
manufacturing landscape, companies wili need to
embrace a targeted approach to some of the key
elements of manufacturing competitiveness, includ-
ing: ensuring talent is the top priorily; embracing
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advanced fechnologies to drive competitive edge;
leveraging strengths of ecosystem partnerships
beyond traditional boundaries; developing a balanced
approach across the global enferprise; and cultivat-
ing smart, strategic public-private partnerships.

Most notably, in 2016, respondents predicted for the
first time that the United States will take the top spot
in the Global Manufacturing Competitive Index
(GMCI) by 2020 while China, the manufacturing
competitiveness leader in 2010, 2013, and 2016,
falls to second place as it transitions toward higher-
value manufacturing and adjusts to rising material
and labor costs. This would have significant com-
petitiveness implications for the United States and
the world,

The Ignite 1.0-3.0 report series, another collabora-
tion with Deloitte, succeeded the initial GMCL The
multi-part, interview-driven project collected insights
from CEOs, university presidents, national laboratory
directors and labor leaders, and captured several
areas in which these diverse perspectives converge
on actions needed to invigorate American manufac-

turing. The series illuminated several key findings
that have informed the Council's work to date, includ-
ing: the criticality of infrastructure development to
job creation and competitiveness; the demand for
government policies to address uncertainty and
encourage business; the importance of manufactur-
ing to America’s ability to compete in the global
marketplace; and the role of superior talent as key
o America’s competitiveness.

American Energy & Manufacturing
Competitiveness Partnership

Prior to 2009, the tone of the nation’s energy con-
versation was centered on methods for addressing
long-standing energy security challenges and scar-
city. By 2013, the conversation had shifted and
began to focus on seizing emerging energy growth
opportunities to transform America’s industrial base
and job creation outlook—centering on energy abun-
dance and strength.

In this context, the Council and the U.S. Department
of Energy’s Office of Energy Efficiency and Renew-
able Energy launched the American Energy & Manu-
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Eoundation of facturing Competitiveness (AEMC) Partnership to
P e tackle two major goals through a multi-year initiative.
AEMCT Parinership The AEMC Partnership identified means to:

* Increase U.S. competitiveness in the production
of clean energy products—by strategically
investing in technologies that leverage American
competitive advantages and overcome competitive
disadvantages, and

increase U.S. manufacturing competitiveness
across the board by increasing energy
productivity—by strategically investing in
technologies and practices to enable U.S,
manufacturers to increase their competitiveness
o G through energy efficiency, combined heat and
~\§§'ﬁ‘ L Lo power, and faking advantage of low-cost domestic
180 B d i - : energy sources.
: : krecpmm_en‘ a ‘°ns Over a span of three years, the AEMC Partnership
e Sl L hosted nine regional dialogues and four national
. “26~P°“c¥ categones a"alyzed s summits and obtained insights from industry, aca-
: SR A : demia, national laboratories and government to drive
U.S. competitiveness in manufacturing clean energy
products, energy efficiency products and advanced
manufacturing products. Among the most notable
accomplishments of the AEMC Partnership are:

» The creation of the High Performance Computing
for Manufacturing Program-—a program of up to
$3 million available to national labs to couple
U.S. manufacturers with the national laboratories’
world-class computational research and
development expertise to address key challenges
in U.S. manufacturing;

N : i« The creation of the Clean Energy Manufacturing
e Analysis Center at the National Renewable
Energy Laboratory; and

4 PPPmédeIs developed




The launch of a new *Technologist in Residence”
to strengthen U.S. clean energy manufacturing
competitiveness and enhance the commercial
impact of its national laboratories.

The Council is proud to trace key accomplish-
ments in manufacturing policy and innovation
back to its thought leadership and advocacy,
including the America COMPETES Act,
Manufacturing USA—centers of excellence
formerly known as the National Network

for Manufacturing Innovation—and the National
Digital Engineering and Manufacturing Con-
sortium (NDEMC) that highlighted the regional
importance of advanced computing. Each of
these efforts brought together businesses,
government and academia to meet grand
technological challenges with the potential

to unleash generations of American manu-
facturing innovation, jobs and prosperity.

95
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The Energy and Manufacturing
Competitiveness Partnership

In 2007, at the launch of the ESIS Initiative, the
Council declared, “the cost of energy is clearly
impacting the competitiveness of the United States.
But the story does not end there. The economic tolt
exacted by maintaining the current state of U.S.
energy, as well as the prospective windfall for ending
it, has not been adeguately captured or communi-
cated in the context of national competitiveness”
American energy strength and independence—once
distant aspirations—are now within our grasp, with
huge implications for America’s global political,
strategic and economic leadership.

Building on the promise of the ESIS Initiative, the
Council's USMCI identified critical research, innova-
tion and policy trends contributing to the re-emer-
gence of America’s high-value, advanced and
productive domestic manufacturing sector—a key
driver and beneficiary of these advances in energy
technology, research and development.

Concurrent with the USMCI, the AEMC Partnership
utilized dialogues, summits and the creation of public-
private partnerships to identify and make recommen-
dations to enhance U.S. competitiveness in manu-
facturing energy technologies and strengthen its
foundations through increased energy productivity.

Through the ESIS Initiative, the USCMI, the AEMC
Partnership and many other efforts spanning the last
three decades, the Councll and its members have
contributed to a tectonic shift not only in how the
United States consumes energy—with energy inten-
sity levels steadily flattening and even declining, and
improving relative to our competitors in Europe and
Asia—but also in how the manufacturing sector can
leverage energy abundance to creafe a competitive
advantage if the right policies are put in place.

These two areas of our nation's economic and social
fabric—manufacturing and energy—are deeply inter-
connected. America’s ability to compete in the global
economy, o rebuild the middle class and to steward
its natural resources and environmental demands
relies on coordinated, thoughtful policy solutions
that leverage America’s Innovation ecosystem,
workforce, technology, and business and policy-
making communities.

The EMCP Methodology

On March 3, 2015, the Council officially launched the
Energy & Manufacturing Competitiveness Partnership
(EMCP) at a meeting hosted by Dr. William Powers,
former president of The University of Texas at Austin,
The C-suite conversation among 40 executives and
experts from industry, academia, the national laborato-
ries and labor catalyzed the private sector-driven effort
fo deepen understanding of a convergence between
two forces essential to America's long-term productiv-
ity and prosperity: energy and manufacturing.

The EMCP was designed to approach the country’s
diverse industrial landscape as a network of distinct
but interdependent productive sectors, each with jis
own chalienges and opportunities. Through a series
of sector studies hosted around the nation by mem-
bers of the Steering Committee, the EMCP identified
the salient questions and challenges facing the
energy-manufacturing nexus within key sectors as
identified by the Steering Committee, Seeking input
from leaders throughout the private sector, academia,
the research and scientific community, NGOs and
government, each sector study looked at the chal-
lenges and opportunities through the Councif's
cross-cutting competitiveness pillars—technology,
talent, investment and infrastructure.
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Common challenges and opportunities illuminated
key policy gaps and recommendations specific o
each sector, and, equally as importantly, across these
discrete seclors;

‘ Water & Manufacturing

in February 2018, the Council launched the first
phase of regional sector studies with a dialogue
focusing on water and manufacturing. It was co-
chaired by Dr. Michael Lovell, president, Marquette
University and Mr. Ajita Rajendra, chairman & CEOQ,
A. O. Smith Corporation. This first dialogue brought
together more than 50 experts in the water and
manufacturing industries for a closed-door conversa-
tion at Marquette University in Milwaukee. Common
challenges were identified as well as opportunities
relating o water, energy and manufacturing in the
United States. Leverage: Water & Manufacturing was
released at a press conference hosted by A. O. Smith
Corporation in Milwaukee, Wi, in September 2016,

O Advanced Materials

Hosted at the Council's offices in Washington, D.C,
and co-chaired by Dr. Laurie Leshin, president of
Worcester Polytechnic Institute and Dr. Aziz Asphah-
ani, president of QuesTek Innovations, LLC, the April
12, 2016 dialogue focused on challenges and oppor-
tunities regarding the design, production and scaling
of advanced materials to accelerate the transition from
discovery to manufacturing. Leverage: Advanced
Materials was released in October 2016, at a briefing
on Capitol Hill attended by key policymakers and
representatives from industry, academia and the
national laboratories.

h Advancing U.S. Bioscience

In July 2016, EMCP members gathered for a dia-
logue on the role of bioscience in driving U.S. innova-
tion in sustainable energy, chemical engineering,
agriculture and food production. The meeting was
followed by a briefing on Capitol Hill the next day, in
which representatives from Councit members Pacific
Northwest National Laboratory and Lawrence
Berkeley National Laboratory spoke fo lawmakers on
the applications for bioscience technologies.

The Council's efforts in this space continued, with
the release of the fourth EMCP report—Leverage:
Advancing U.S. Bioscience—at a widely-atiended
event on Capitol Hill in July 2017. Speakers at the
briefing emphasized the importance of retaining
America's leadership position in bioscience, and Con-
gressman Randy Hultgren (IL-14) called for biparti-
san, bicameral support of science leadership in the
United States. These efforts continued into 2018,
when the Council headed to Sacramento to present
key findings before the state legisiature.
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% Agricultural and Consumer Water Use

In January 2017, the Council launched its second
phase of sector studies with a dialogue on agricul-
tural and consumer water use hosted by Mr. James
Hagedorn, chairman and chief executive officer of
the Scotts Miracle-Gro Company, at its headquarters
in Marysville, OH. The dialogue was co-chaired by
Mr. Hugh Grant, chairman and CEO of Monsanto
Company. Leverage: Agricultural and Consumer
Water Use, was released on World Water Day at an
event hosted by Scott’s Miracle-Gro in Florida and
at the U.S. Water Partnership's annual meeting at
the State Department in Washington, D.C.

':' Energy

Hosted in Chicago, IL., by EMCP Industry Co-chair
Mr. Christopher Crane, president & CEO of Exelon
Corporation, in partnership with Dr. Paul Kearns,
director of Argonne National Laboratory, and Dr. Eric
Barron, president of Penn State University, the
Council convened in May 2017 a group of more than
30 experts to address the competitiveness of Ameri-
ca’s energy sector, The report, Leverage: Energy,
was released at Penn State's Energy Days confer-
ence on May 31, 2018, in State College, PA, and will
inform the Council’s future work across and beyond
energy and manufacturing.

k Aerospace

in November 2017, the EMCP returned to Chicago
for a dialogue on competitiveness in the agrospace
sector, hosted by Boeing's Chief Technology Officer
and Senior Vice President, Boeing Engineering, Test
& Technology, Dr. Greg Hyslop, in partnership with
Dr. Harris Pastides, president of the University

of South Carolina. The final report, Leverage:
Aerospace, was released af the South Carclina
Aerospace Conference & Expo in October 2018,

Cybersecurity

in February 2018, the Council launched an effort

to develop a national agenda on cybersecurity
co-chaired by Dr. Steven Ashby, director of Pacific
Northwest National Laboratory, Mr. George Fischer,
senior vice president and group president of Verizon
Enterprise Solutions and Dr. Farnam Jahanian,
president of Carnegie Mellon University. The
National Agenda for American Cybersecurity is
informed by three dialogues hosted by the co-chairs,
each of which drew on the expertise of practitioners
and policymakers from industry, academia, govern-
ment and the national laboratories.
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Figure 5. EMCP Dialogues and Events
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Challenges ldentified by the Sector Studies

Qutdated Infrastructure

A healthy modern economy refies on robust physical
infrastructure to support productive economic activity.
Yet, the Council's annual Clarion Call for Competi-
tiveness report card has consistently given policymak-
ers a D on addressing infrastructure needs. Similarly,
the 2017 American Society of Civil Engineers report
card on American infrastructure gives the United
States an aggregate grade of D+ across 16 catego-
ries, estimating that $4.59 trillion will be necessary

to improve critical infrastructure (see Figure 6).

When it comes to America’s water infrastructure,
approximately 1.7 trillion gallons of water are lost per
year due to natural deterioration, damage and leaks
resulting from aging infrastructure)® Land devoted

Figure 6. America’s infrastructure Investment Gap

to agricultural production across wide swaths of the
United States is not water- or drainage-controlled,
creating runoff and contamination issues for major
waterways. In the energy sector, increasing con-
sumption from the industrial sector and a heavy
reliance on shale gas creales growing pressure on
the extraction infrastructure.® And America’s aero-
space industry suffers from the constraints of a
technologically- and financially-limited system that
has fallen behind the satelfite systems and business
models of global competitors.

The challenges posed by this outdated infrastructure
present a threat to U.S. competitiveness, America's
infrastructure must be improved if the nation hopes
to achieve its full potential.

Funding needs of major infrastructure sectors in the U.S,, 2016-2025

Source: ASCE
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Regulation Not Keeping Pace
With Innovation

Balancing regulation and innovation opportunity is

a challenge constantly at the forefront of American
competitiveness. While regulations are necessary
to ensure new technologies meet the high safety and
ethical standards of American society, smart policies
must be enacted that allow the innovation ecosystem
to develop and thrive.

There are numerous areas of policy that affect

or are affected by technology-driven reorganization
of the economy. For example, the current regulatory
environment doubles the normal construction time
of nuclear plants and offers investors only long-
term returns on wind and solar invesiments. These
policies incentivize producers to move to places
like China where relaxed environmental regulations
result in faster construction with higher returns.

In the aerospace sector, which has been driven by
technological innovation since s inception, drones
and space-based technology present new ethical
and security concerns that, if not collaboratively
addressed by policymakers and industry, could
hinder America’s competitiveness in space explora-
tion and fravel.

Important steps are being taken. in 2017, Congress
passed multiple pieces of legislation, including the
21st Century Cures Act, the American Innovation
and Competitiveness Act and the National Defense
Authorization Act that included provisions to help
eliminate, reduce and streamline research-related
regulations. But the rate of technological advance-
ment continues to outpace the ability of regulators
to react to innovation, widening the gap between the
promise of new technologies and their applications.

“The national laboratories engage
industry, academia and other
stakeholders, both to help ensure
success in their missions and

to enable their cutting-edge
research to have as broad an
impact as possible.”

Dr. William H, Goldstein
Director
Lawrence Livermora National Laboratory

The resulling regulatory uncertainty can discourage
investment, new business formation and technology
adoption, as well as hinder U.S. competitiveness

in the long run.

Lack of Coordinated, Defined Research
Agenda

Long-term technology leadership relies on strategic
investments in research that push the frontiers of
knowledge. Yet, many cutting-edge sectors lack
clear, community-defined research agendas, often
resulting in duplication of efforts and inefficient use
of limited financial resources.

In the bioscience field, for example, the United
States lacks a unifying roadmap, hindering strategic,
long-term efforts and instead creating uncoordinated
and disjeinted programs and priorities. In the cyber-
security space, many in the private sector are calling
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for a consensus-driven prioritization of research
questions and a mechanism for illuminating long-
term challenges fo better prioritize the allocation
of limited research dollars.

With fimited federal funding available to support
basic research, the need for coordination continues
o grow. By incorporating a strategic agenda and
streamlining the innovation process, the United
States can better leverage outstanding research
into global economic competitiveness.

Insufficient Research Funding

2018 was just the second time in a decade in which
federal investment in R&D increased, hopefully
indicating the reversal of a long-term trend and
representing a step forward for the U.S. fo regain
its global innovation teadership (see Figure 7). But,
public investment has not kept pace at a rate that
wilf allow for the optimization of America’s scientific
assetls, especially as companies have moved away
from exploratory research toward nearer-term
applied research and technology development.

Figure 7. Trends in Federal R&D as Percent of GDP, FY 2004-2018

Source: AAAS RAD repart series, basad on OMB and agency R&D budget data,
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Although federal investment in R&D is higher in the
United States than any other individual country,
several economies have greater R&D intensity—the
ratio of R&D expenditure to gross domestic product
(GDP). Over the last decade, R&D intensity in the
United States has fluctuated only slightly. Yet, the
U.S. rank in this indicator has been slowly falling

in recent years: No. 8 in 2008, No. 10 in 2011, and
No. 11 in 2013 and 2015.7

A focus on multidisciplinary funding is also criticai—
and tends o be insufficient—often due to structural,
polftical and parochial concerns. This gap is particu-
larly troubling as the diverse applicability of research
cuts across multiple industries, including medicine,
food, renewable energy and agriculture, among
others. A lack of investment among cross-disciplinary
fields or in a diverse collection of industries may
inhibit promising advancements, thus hindering
progress in these industries.

Looking solely at the private sector, while the United
States maintains a decisive global edge in venture
capital investment, which amounted to $66.6 billion
and accounted for 86 percent of total venture capital
investment in the OECD in 2016, the tendancy of
funders to allocate resources to projects with fow
risk and short-term payoffs hinders advancement in
areas like the energy seclor, where innovation is
often characterized by extended project fifecycles.

Bringing Research to Market

While the federal government is the primary funder
of basic research, the private sector, as innovators,
investors and adopters, is pivotal when it comes to
commercializing new technologies and bringing

17 Science and Enginesring Indicators, National Science Board, 2018,

research to market. But, in many sectors, market
incentives encourage low-risk, incremental improve-
ments to technologies rather than the commercial~
ization of radically new components and products.

When it comes fo the water sector, affordability and
awareness are significant impediments to the uptake
of new and smart water and energy system fech-
nologies. Both the bioscience and advanced materi-
als sectors face challenges in linking research

o marketable industries and products, which can
lengthen or even hall the discovery-development-
deployment cycle. When it comes fo the agriculture,
lawn and garden and related industries, new,
advanced products such as smart membranes,
fertilizers and pesticides can improve water effi-
ciency, but research and development is often cost-
prohibitive. And in the aerospace sector, it can take
10-20 years for new materials to transition from
design to deployment in the United States.

The ability to transition research to market is an
essential leg of the innovation spectrum. Entrepre-
neurs are the conduits through which innovations
appear in the market and create value. Entrepreneurs
underscore the need to enable innovators to create
successful startups that drive job creation and
productivity growth and contribute to America’s
global competitiveness.

Insufficient Knowledge Sharing

The research and innovation ecosystem in the United
States comprises a wide variety of stakeholders.
Oftentimes, there is limited sharing of information
across this landscape, which can lead to inefficien-
cies and duplication of efforts.
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In the materials sector, data gathered and entered
info digital knowledge databases is extremely limited
and under-developed, resulting in a significant
amount of reliable data that cannot be utilized
because it is not connected or curated. Regarding
bioscience, quick and robust exchanges of informa-
tion among industry and government partners, as well
as within agencies of the federal government, remain
a challenge despite the extensive infrastructure
available to support innovation in the bioeconomy.

In other cases, the challenge is data collection rather
than knowledge sharing. In the water space, for
example, the amount of data available on water
quality and efficiency is scarce. This lack of informa-
tion often means issues go unrecognized until catas-
trophes arise. The United States also lags behind
other parts of the world when it comes to developing
and implementing the technology needed for weather
forecasting and climate modeling, which hinders the
agriculture sector’s ability to manage and mitigate risk
associated with changing weather patterns,

As the proliferation of data sweeps through modern
industry, the challenges around collecting, validating
and then sharing reliable information becomes central
to America’s industrial efficiency and competitiveness.
Collaboration among public and private sector stake-
holders will be essential to the United States’ ability
to maximize the potential of this wave of information.

Scientific iiliteracy

Science has a perception problem. One area in which
this is particularly relevant is in the case of genetically
modified food, which research shows to be safe, yet

according to a recent ABC News polt of a random
sample of 1,024 adults, 92 percent of Americans favor
mandatory labelling for genetically modified foods and
46 percent do not believe genetically modified foods
are safe to eat'® Greater science literacy is vital to
combatting uninformed, negative perceptions of
groundbreaking new technologies and products.

The challenges around creating an informed, scientif-
ically-literate workforce begin with early education in
the science, technology, engineering and mathemat-
ics fields. The Trends in International Mathematics
and Science Study (TIMSS) and the Program for
International Student Assessment (PISA) 2015 data,
for example, show that the U.S. average mathematics
assessment scores were well below the average
scores of the top-performing education systems.
With regard to science achievement, U.S. fourth and
eighth graders have not improved their international
position since 1985—in fact, among the 17 educa-
tion systems that participated in the 1995 and 2015
grade 4 TIMSS science assessments, the United
States slipped in rank, from No. 3 in 1995 to No. 5
in 2015

At the professional level, insufficient scientific knowl-
edge can translate into inefficiency. For example,
when it comes 1o sustainable water management,
nefther the average consumer nor corporate leader
typically understands the environmental and eco-
nomic impacts of sustainable water use. This creates
a barrier for the implementation of best practices

at the industry and household levels that can carry
significant costs.

18 Poli: Modified Foods Give Consumers Pause, David Morris, ABC News,
July 15, 2018,

12 Science and Engineering Indicators, National Science Board, 2018,
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The Skilis Gap

Every instance of technological development requires
the workforce to quickly adopt new skills fo remain
competitive and ensure innovation is leveraged fo its
maximum capacity. With the pace of innovation
accelerating rapidly, the pressure to create a work-
force with the skills needed to take on the jobs of
the future is constantly mounting.

As one example, curricula at state colleges, junior
colleges and universities are often misaligned with
the changing needs of industry pertaining to manag-
ing water in the agriculture, lawn and garden and
related industries. There is also a growing need for
computing and data management skills among
professionals in the water and agriculture space. In
the bloscience industry, the talent pipeline is con-
stantly evolving and now demands non-traditional
hiologists who have trained skills in multidisciplinary
areas, such as computer science and ethics,

America’s ability to prepare its workforce for current
and future opportunities is a key aspect of the
country's ability to remain competitive and must be
collectively addressed by policymakers, industry and
academia.

The Changing Workforce Demographic

As the skills required to participate in the workforce
change, so does the structure of the workforce—fur-
ther complicating the challenges industry faces now
and in the future regarding securing the talent
necessary to succeed.

“The education and skills
necessary to compete and prosper
are changing rapidly and it’s
critical that universities respond
and adapt to ensure our students
are prepared to excel in this
evolving economy.”

The Honorabie Rebecca Blank
Chancellor
University of Wisconsin—-Madison

One particular shift in the United States is the aging
of the baby boomer generation. 2017 marked a peak
in the number of Americans collecting Social Secu-
rity benefits, up nearly 2.4 times the number of total
beneficiaries in 1970.%° Moreover, over 50 percent of
utility workers are set o retire in the next decade.”!

Al the same time, the disappearance of industrial
arts and vocational training in K-12 education has
made i more difficult to find talent for the manufac-
turing sector. In fact, a 2014 survey by Deloitte
revealed that respondents between the ages of 19
and 33 would be least likely {0 select a manufactur-
ing career among the options presented.”?

20 Table: Number of beneficiaries receiving benefits on December 31,
1970-2017, Sociat Security Beneficiary Statistics, Social Sscurity
Administration.

21 Who will Replace Nuclear Power's Aging Werkforcs?, Russefl Ray, Power
Engineering, February 5, 2015

22 Overwhelming Support US. Public Opinfons on the Manufacturing
Industry, Deloitte United States (Deloitte Development LLC) and The
Manufacturing Institute, 2014,
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While America’s industry executives have made clear
that finding and developing talent is of the highest
priority, it remains true that without action the skifls
gap is likely to leave up to 2 million American jobs
unfilled over the next decade (see Figure 8).%°

Increasing Global Competition

Globalization and the increasing technological and
innovation capabilities of countries worldwide are
changing the competitiveness landscape drastically.
in 2016, worldwide total R&D expenditure grew

3 percent, indicating that countries around the
world are increasing R&D funding for innovation.®

Figure 8.

The global private sector is becoming increasingly
involved in the funding of R&D as well, with busi-
ness sectors in Germany, China, South Korea and
Japan funding as much as 78 percent of R&D
compared to 62 percent in the United States.

The strategies for allocating R&D funds vary glob-
ally as well. While the United States focuses more
heavily than many of its competitors on basic
research, with 17 percent of R&D funds to China’s
5 percent, China dedicates 84 percent of its R&D
spending to experimental development and moving
new technology to market compared to 64 percent
in the United States.”

Global manufacturing CEOs consistently point to talent

as the top driver of manufacturing competitiveness
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As the global landscape changes, international
competition increases. While the United States
reached a five-year high rank of No. 4 in the Global
Innovation Index (GI1) in 2017, the nation dropped
to No. 6 in 2018 (see Figure 9). And, in key areas
such as regulatory environment, infrastructure and
education, the nation ranks No. 12, No. 24 and
No. 47 respectively.

With regard fo investment in specific sectors, more
than 40 countries have shown interest in promoting
the bioeconomy, and many have strategic plans in
place to create a competitive bioeconomy in their
respective countries. This includes China, which has
called for hundreds of billions of doflars {o fund the
application of biotechnology in the healthcare sector.

When it comes to measuring water quality and
scarcity and implementing strategles to mitigate risk
in these areas, the U.5. is falling behind countries
like Australia and israel, which have made significant
investments in this area. And countries such as
Singapore, Portugal and Denmark are becoming
leaders in incentivizing and implementing advance-
ments in the aerospace sector.

Another indicator of rising global competition is an
increase in the number of science and engineering
graduates. Between 2000 and 2014, the number of
science and engineering (S&E) bachelor’s degrees
awarded in China rose more than 350 percent, signifi-
cantly faster than in the United States and in many
aother European and Asian regions and economies.”®

As nations begin o recognize the advantages

of investing in a strong innovation ecosystem, the
United States must re-prioritize sclence and fechnol-
ogy o remain a global leader.

26 Science and Engingering Indicators, National Science Board, 2018,

Figure 9. Movement in the Gl Top 10
Source: The Global Innovation Index 2018: Energizing the World with
Innovation, Glohal innovation Index Database, Cornell, INSEAD, and WIPQ,
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Emerging Cyber Threats

The interconneciedness and openness made pos-
sible by the Intemet and the broader digital ecosys-
tem create unparalleled value for society. Over 20
billion devices are expected to be connected to the
Internet by the year 2020. However, these same
qualities make securing today’s cyber landscape
difficult.

As the United States continually advances and
modernizes its energy systems, efficiency is some-
times prioritized over security, making grid and
nuclear plant monitoring a significant concern. In the
aerospace sector, the increasing density of aircraft in
the skies leads to a higher need for communication
between the alr and the ground, making cybersecu-
rity an area of particularly high importance. Yet, in a
2015 survey conducted by the Airport Cooperative
Research Program and sponsored by the Federal
Aviation Administration, only 34 percent of airport
respondents indicated they had implemented a
national cybersecurity standard or framework.?” And
as more industries see the proliferation of sensors
and monitoring equipment, the surface area of
connected devices continues 1o grow exponentially—
creating more room for infiltration.

Despite the notable risks cyber threats pose to
American prosperity, there remains a wide disparity
in investment, maturity, coordination and training
on cybersecurity across the country's critical infra-
structure sectors. The White House Council of
Economic Advisers estimates that malicious cyber
activity cost the U.S. economy between $57 billion
and $109 billion in 2016, and estimates costs o

27 Guidebook on Best Practices for Aitport Cybersecurity, Airpart
Coopesative Research Pragram, 2015,

reach $2.1 trillion globally by 2019, if stakeholders
across government, academia and industry fail to
implement strong, coordinated cybersecurity strate-
gies and practices, the United States will become
increasingly vulnerable to the growing cyber threat.

in response to these challenges, the Councit
developed, and has put forth in this report, a
Call to Action to turbocharge the U.S. manufac-
turing renalssance in an era of energy abun-
dance (see pages 9-12). in addition, Secure:
Ensuring Resilience and Prosperily in a Digital
Economy is being simultaneously released
under separate cover. The Council’'s National
Agenda for Cybersecurity can be found in
Appendix A on page 66,



111

Moving Forward

The United States is at a critical rate management, and are now beginning to focus
L . . , their attention on new types of organizational struc-
moment in time in national innova- tures, and methods to accelerate and optimize

tion systems research and action.  technology commercialization.

New, transformational models The recommendations in this report—and the over ten
. . ) years of work they encompass—have the power {o

driven by the democratization and turbocharge America’s manufacturing capabilities,

se!f-organ ization of innovation are improve America’s competitiveness and unleash a new
wave of productivity and prosperity for alt Americans.

emerging and ’Eaklng root across But more work remains to be done. U.S. leadership

the nation. is under threat. The United States faces now what are
perhaps existential challenges 1o its global leadership

These developments, which were called out in the in Innovation. America's role in technology advance-

2017 Council report Transform, are occurring against  Ment is diminishing globally—now accounting for
the backdrop of increasing global, innovation-based ~ Only one-quarter of global research & development,
competition and growing capacity for innovation in down from two-thirds in 1960. Competitors around
countries around the world. Transform went on to the globe are increasing their capacity for innovation,
highlight rising internat challenges in the U.S. innova-  And rapid technological change and disruption have
tion system~such as changing demographics, lack of impacted the workforce and communities.

diversity and inequality of opportunity in the U.S. As Figure 10 highlights, there are numerous exciting,
education system—that are changing the shape of disruptive technologies and tools just beginning to
the U.S. workforce. In response, innovation practitio-  impact the global economy that have the potential to
ners and stakeholders are facing difficult questions  completely change the way people travel, shop, build,
about how individuals, teams, communities and explore and interact. And the impact on companies
national institutions of knowledge creation and and universities is likely to be just as consequential
innovation will transform 1o support current and

future U.S. innovation, With these challenges in mind, in 2019, the Council

will launch a National Commission on Innovation
As changes in the process of innovation unfold, & Competitiveness Frontiers to double down on all
increasing attention is being paid to the science of efforts to optimize the nation for this new, unfolding
the innovation process itself, and how 1o reduce fis  jnnovation reality. The Commission will build on the
risk and uncertainty. Researchers and academics Council's intellectual capital in this space developed
have contributed for decades to the field of corpo- over the past thirty years, including the recently
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Figure 10. A Snapshot of Exponential Technologies

Source: Deloitte, Council on Competitiveness, Singularty University. 2018, Exponential Technologies in Manufacturing.
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completed two-year partnership with the National
Science Foundation—the Exploring Innovation Fron-
tiers Initiative—that culminated in the release of
Transform. Organized around three critical competi-
tivenass plllars—capitalizing on emergent and con-
verging technologies; oplimizing the environment
for innovation systems; and exploring the future of
production, sustainable consumption and work—the
Commission will acknowledge and respond to the
urgency of the challenge at hand, understand and
describe this new reality and position the nation to
prosper and thrive with a clear set of recommenda-
tions that will enhance and expand the nation's
innovation capacities at the heart of competitiveness.
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Sector Study Overviews and

Recommendations

Water is necessary for industry, society and individu-
als 10 survive and thrive, Nearly half of industry water
consumption is attributable to manufacturing prod-
ucts and services.” As fundamental changes such
as urbanization and population growth take hold,
innovation is needed in infrastructure, technology,
investment and talent to meet the increasing demand
for water. This requires taking a stewardship
approach in which all sectors come together to look
beyond compliance and view water as a finite
resource that must be managed efficiently.

The EMCP sector study dialogue on water & manu-
facturing, hosted on February 16, 2016 by Marquette
University in partnership with A. O. Smith Corporation
and the Council, gathered national leaders and water
experts from all sectors of the economy to discuss
the important issues around water and manufactur-
ing. The day, broken down into four sections—talent,
technology, investment and infrastructure—featured
robust conversations on these key pillars.

28 Water and the Economy, Water's Value, The Value of Water Coalition,
2018,

Leverage: Water & Manufacturing was released

in September, 2016 at a press conference hosted by

A. Q. Smith Corporation in Milwaukee, W1 The event
g Was widely covered by local

adio, TV and print media.

Findings and
Recommendations
» Use a stewardship
approach to water
management in which
laws and regulations
 surrounding water
reuse support
natural processes
© whenever possible
and treat water as the
fimited resources it is rather than a limitless
commodity. Industry uses approximately 350
billion gaflons of water each day, nearly half of
which is attributable to manufacturing products
and services. In some countries, safe water supply
has the potential to increase GDP up to 7 percent,
making it increasingly important o understand
the true value of water and price the commodity
appropriately in order to improve efficiency.

integrate natural infrastructure, including roof
instaliments, rain barrels and constructed
wetlands, into water management approaches
to improve energy efficiency and water quality
while reducing overall water infrastructure
investment costs. Green infrastructure is often
considered a cheaper and more sustainable
alternative to water management than traditional
gray infrastructure. Operations and maintenance
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costs for natural infrastructure projects such as
constructed wetlands can be dramatically lower
than those associated with traditional wastewater
treatment alternatives, with green infrastructure

in general presenting a cost savings of more

than $1.5 billion. These projects also often have
additional ancillary benefits for the community
and environment and help companies comply with
EPA water discharge requirements.

Encourage development and deployment of
technologies and microbiological barriers that
increase overall water supply by diversifying
sources and improving quality and efficiency
such as desalinization, nulrient recovery and
wastewater re-use. As America’s population
increases and converges on cities, demand for
fresh water and dependence on reliable water
infrastructure will grow exponentially. The resulting
need to diversify water sources presents a distinct
opportunity for these types of innovative solutions
such as the development of advanced materials
that can remove specific compounds in a more
efficient manner,

Promote the uptake of sensors and monitoring
equipment and aggregation of big data across
sectors and geographies to improve water
management and increase information avail-
able on water quality and efficiency. Dataon
efficiency and water quality is scarce. This lack of
information often means issues go unreported until
catastrophes arise. Increased access to knowledge
would allow water issues to be addressed proac-
tively before they reach a point of crisis.

« Increase federal funding available for
water technology test beds {o accelerate
development and reduce cost and risk
associated with deployment of advanced
technologies for improving water quality
and efficiency. Affordability and awareness are
significant impediments to uptake of new smart
water and energy system technologies necessary
for the water industry. Government funding and
strategic placement of these testing facilities
near the companies investing in new water
technologies would de-risk the adoption of these
technologies.

Model water consumption and availability
using high performance computing to
address gaps in supply and demand and
reduce overall waste and costs associated
with managing water and energy systems.
Approximately 1.7 trillion gallons of water are
lost per year due fo natural deterioration, damage
and leaks resulting from aging infrastructure.

The use of new sensors and measurements,

as well as high performance computers, would
facilitate collection and dissemination of datain a
universally accessible and understandable fashion.

Engage government and private sector
stakeholders in an enhanced public
awareness campaign o address water
conservation needs. Given the current pricing
structure of water, neither the average consumer
nor company fully understands the importance

of conserving this resource. Social marketing
and public awareness campaigns can elevate the
visibility of water-related issues. This would likely
include collaboration with existing initiatives to
enhance the overall reach and level of knowledge
regarding water issues among consumers.
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+ Address the skills gap in the water and manu-
facturing sector by de-stigmatizing technical
careers, reintroducing hands-on training in
K-12 and encouraging cross-sector partner-
ships between industry and academia. 2016
marks a peak in the number of people on social
security benefits, amounting to nearly 2.4 times
the number of total beneficiaries in 1970, This
creates a skills gap in which talent is not properly
matched with available jobs. Partnerships between
technical colleges and industry can bring talent
directly onboard and highlight specific skill sets fo
produce a strong talent pipeline.

Advanced materials are critical building blocks that
can drive significant enhancements in America's
energy production, manufactured products and the
overall economy. Early adoption of advanced materi-
als by manufacturers can differentiate U.S. products
from those of competitors by increasing performance
and durabifity, decreasing production and mainte-
nance costs and improving energy efficiency over
the life cycle use of the product. Use of these new
materials in commercial products also drives the
market for the materials themselves.

The EMCP sector study dialogue on advanced
materials, hosted on Aprit 12, 2016, by the Council
on Competitiveness in partnership with QuesTek
Innovations, LLC and Worcester Polytechnic Institute
convened national leaders and materials experts
from all sectors of the economy to discuss how the
development and deployment of advanced materials
can increase U.S. competitiveness. The day focused
first on the current capabilities in U.S. national labs,
universities and across the private sector in advanced
materials, barriers and impediments to fully deploying
the promise of advanced materials across the manu-
facturing and energy sectors and solutions to these
challenges.

Leverage: Advanced
Materials was released at
a briefing on Capitol Hill in
October, 2018, Panelists
included representatives
from the Council, QuesTek
innovations, LLC, Worces-
- ter Polytechnic Institute
and Lawrence Livermore
National Laboratory, who
shared the key findings
" and recommendations
with policymakers,

Findings and Recommendations

« Promote the uptake of more public private
partnerships (PPP) between the national
laboratory system and industry pariners, small
businesses and universities. The development
stage of materials is suffering when it comes to
scaling-up materials for mass production and
use. Small and medium-sized businesses must
have consistent access to laboratory spaces and
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other critical infrastructure and technologies.
PPPs would allow designers to develop new
innovative products, and the gathering of key
university experts to perform fundamental
research in science, engineering and technology
areas under one location would connect American
manufacturers to global markets.

Develop a national knowledge platform to
ensure that accurate, pedigreed, curated

and easily accessible data is developed to
support the creation, processing, modeling
and manufacturing of advanced materials. The
current digital knowledge database on materials is
extremely limited and underdeveloped. As a result,
there is a significant amount of usable data that
cannot be absorbed because it is not connected
or curated. The leap forward for technology in

the area of advanced materials will likely come
from the broad dissemination of fools with
interoperability as a key enabler.

Gather critical masses of materials experts
into business groups or entities to work with
materials technologies as a collective effort
to combine distinct knowledge bases and
spur unique funding opportunities. Materials
experts operate separately from one another,
which creates gaps in data management and
further complicates the standardization needed to
advance this field. Cross-functional collaboration
throughout and between various small and
medium-sized businesses can become part of
leading expert groups specializing in accelerating
both discovery and development of materials.

« Dedicate area-specific pilot-plant facilities
to collaborate with national laboratories,
universities and small and medium-sized
companies to accelerate deployment
and decrease the commoercialization time
horizon for advanced materials, Industry
access to scientific and technical resources
will help manufacturers develop and deliver
new, innovative products to market and qualify
materials in faster-paced, more efficient systems.
Such pilot-plant facilities will help decrease the
expected deployment time and accelerate the
entire discovery-to-deployment cycle. in the
absence of private sector support of the needed
pilot-plant facilities, it is recommended that
government agencies (e.g, Dok, DoD, NIST) take
the lead by establishing a ‘Materials Genome
Processing Center’, as the first pilot-plant facility
that is needed to achieve the Materials Genome
Initiative (MG1) goal of ensuring a manufacturing
infrastructure for materials innovations.

Address the skills gap in the advanced
materials and manufacturing sector by
embracing an interdisciplinary approach to
education that combines traditional materials
science curricula with data science, modeling
and simulation and computational sciences.
A recent survey revealed that respondents
between 19 and 33 years old would select a
manufacturing career last. Reintroducing hands-
on training at the K-12 level can address the
misconceptions around the manufacturing sector
and lack of knowledge regarding the emerging
opportunities in advanced manufacturing, while
partnerships between academia and industry
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designed to nurture cross-disciplinary skill sets at

in July 2017, Leverage: Advancing U.S. Bioscience

the undergraduate and graduate levels can ensure  was released before policymakers, experts, and

a strong talent pipeline.

Bioscience is a top manufacturing technology priority
across the federal government and is critical for U.S,
competitiveness. While the United States maintains a
world leadership position in enginesring biology and
bioscience technology development, other countries
are investing heavily in these areas putting the U.S.
at risk of losing its competitive advantage.

The EMCP sector study dialogue on advancing US.
bioscience, hosted on July 27, 2016 by the Council
on Competitiveness in partnership with Lawrence
Berkeley National Laboratory, Lawrence Livermore
National Laboratory, Pacific Northwest National
Laboratory and Sandia National L.aboratories gath-
ered national leaders and experts on the bioeconomy
to discuss the importance of bioscience to U.S.
competitiveness. The day-long session focused on
the actions needed 1o be taken in the United States
to capitalize on the capabilities and individual suc-
cesses across the bioscience landscape. The follow-
ing afternoon, the Council and leaders from industry
and the national laboratories briefed congressional
staffers at a joint program between the American
Society of Mechanical Engineers (ASME) and the
House Manufacturing Caucus.

representatives from industry and academia at a sen-
ate briefing on Capitol Hill,

where over 100 partici-

pants heard from Council
members as well as

- Representative Randy

The conversation contin-
ued in April, 2018 when
the Council partnered
with the California Life
Sciences Association to provide a briefing in Sacra-
mento to members and staff of the California State
Legislature on the status of California’s bioeconomy
and to discuss opportunities 1o leverage the state’s
assets in this space.

Findings and Recommendations

« Develop an annual strategic roadmap for
the advancement of bioscience and biotech-
nologies to meet energy, environmental, agri-
cultural, national security and economic goals.
The Office of Science, Technology and Policy
(OSTP), research agencies, industry, national labo-
ratories and academic experts should partner for
the purpose of creating a Biceconomy Roadmap
to be implemented as a top economic priority
of the incoming administration,
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Create tools and processes thatl capture and
analyze basic applied research data, private
sector and government-funded activities, and
community feedback on the Bioeconomy
Roadmap’s goals, objectives and milestones.
With the 2012 National Bioeconomy Blueprint 1
as its foundation, a performance indicator
document is needed to review the progress

of various aspects of bioscience research on

a yearly basis. Information pertaining fo the
success of policy and science programs such

as data analysis, workforce development,
regulatory barriers and future federal activities
will leave researchers better equipped fo establish
areas of improvement and increase public aware-
ness of the importance of the bioeconomy.

Coordinate investments across government
agencies, broaden disbursement to cross
disciplinary fields, and focus federal
investment in the development of research
platforms that more quickly deliver solutions
to society. The diversily of bio-based products
cuts across muftiple industries like medicine,
food, renewable energy, agriculture and many
more, creating challenges when coordinating
investments. A lack of investment among cross~
disciplinary fields or in a diverse collection of
industries may inhibit promising advancements,
therefore hindering forward movement for
bioscience as a whole.

Address the issue of public distrust of science
and regulation by raising awareness and
increasing education and outreach efforts

to the public and policymakers. The public
perception of bioscience as a whole is incredibly
important to moving forward, and scientists must

.

remain ethically grounded to gain public trust.
Combatting uninformed, negative perceptions
requires improving U.S. scientific literacy through
an education and outreach program that includes
STEM education and progress metrics,

Provide opportunities and incentives for stake-
holders to determine next generation bio-tar-
gets that biotechnologists can use o reinvent
products and make them marketable to con-
sumers. The notion of using bictechnologies to
recreate products with next generation applications,
like chemicals and fuels that release fewer foxic
gases into the atmosphere, simply does not have a
strong enough economic value that will appeal to
the consumer. Biotechnologists need a target with
both next generation properties and next genera-
tion values in order to succeed in the market.

Develop widespread and easily accessible
knowledge bases of principles, methods,
processes, successes and failures o

more quickly deliver helpful information

to stakeholders. Industry access fo central
scientific and technical resources will help experts
develop and deliver new, innovative products

to the market. This will improve the maturation
and impact metrics of the bioeconomy and

assist in the technology innovation pipeline from
development in the laboratory to scaling-up in the
manufacturing plants on to consumer outlets,

Enable bioscience research platforms to
deliver novel and cost prohibitive capabilities
to industry, From start-ups 1o large companies,
academic and agencies’ scientists, federal and
industry investments in research platforms and



119

bioscience knowledge bases will help overcome
the steep barriers o entry for biomanufacturing
and product development.

Address the talent gap in mullidisciplinary
areas where bioscience has evolved to require
frequent translation of information, updating
of codes, and data management skills in high
performance computing. The bioscience talent
pipeline has significantly transformed and now
demands non-traditional biologists who have
trained skills in multidiscipline areas. There must
be a frank dialogue among industry and academic
leaders about workforce development so we can
reestablish training and employment opportunities
for graduating students and continue fo expand
science beyond its current capabilities.

American agricufture—including the related industries
and value-add sectors that fuel and depend upon it—
is a case study in innovation-driven productivity and
competitiveness, and one of the United States’
largest exports. Since World War 1, investment and
R&D in agricultural science, technology, and land
and resource management have increased the
agricultural industry’s energy productivity by nearly
100 percent. Agricultural products and technologies
remain a key component of American exports, and
are a key factor in the growth of the domestic ser-
vice and manufacturing economy, supporting restau-
rants, tourism, apparel, furniture and design.

Competition for water, climate change and new
consumer demands are also driving change in the
agriculture, lawn and garden, and related industries,
including greater interest in new products and sus-
tainable production processes. A changing legal

and regulatory environment is facilitating the entry

of new products into the market, while increasing the
already competitive demand for water and energy.
Inputs across the agricultural value chain are evolv-
ing, which begs a new set of questions regarding
innovation and efficiency in growing and manufactur-
ing processes.,

The EMCP sector study dialogue on agricultural and
consumer water use gathered national leaders and
experts on water as it relates to these industries

to discuss the implications for U.S. competitiveness.
The day-long session focused on the role of subsi-
dies in driving or hindering sustainable water use,
the implications of increasingly unpredictable weather
patterns for the agriculture, lawn and garden, and
related industries, and the need for infrastructure—
both regulatory and physical-and a workforce appro-
priately equipped with the skills necessary o manage
water quality and quantity.
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Leverage: Agricultural and Consumer Water Use
was released on World Water Day in 2017 at the
U.S. Water Partnership Annual Meeting at the State

«. Department in Washington,
DC, as well as at an event
hosted by Scott’s Miracle-
Gro in Florida,

Findings and Recom-
mendations
» Invest in the technol-
ogy needed to better
model climate data. As
- an issue that impacts
 the competitiveness of
* multiple U.S. industries,
the government and the
private sector must invest in the development and
deployment of technologies that monitor total soil
health, ocean temperatures and other climate pre-
dictors to allow farmers and researchers to better
monitor and model weather patterns.

Create a verification sysiem for crowdsourced
data related to weather patterns and
agricultural processes and inputs to
facilitate a trustworthy knowledge database
that comprises public- and private-sector
information. Collaborative public data can
significantly increase precision and automation
in water management and improve modeling
capabilities and predictive future planning of
crops, while improving climate forecasting in the
critical three to nine month period. A verification
system around individually reported data would
fitter quality data and allow for better, more
efficient convergence of public- and private-
sector data,

+ Leverage high-value crops as a test bed
for innovation. New, advanced materials such
as smart membranes, fertilizers and pesticides
can improve water efficiency, but research and
development is often cost-prohibitive. Testing
smart materials and other high-cost innovations
on high-value crops would promote innovation
by reducing the financial risks in the early stages
of product development.

Better align subsidies on agricultural products
with water efficiency and conservation goals.
Financial incentives and regulations must look

at the entire landscape comprehensively to
encourage smart water management and insulate
against negative externalities, including heavy
water use in water stressed areas and spiraling
commodity prices.

.

Develop industry standards and disclosure
processes for water use, Financial disclosure,
and more recently carbon and other climate
related disclosures, are important aspects of a
company’s license to operate. Using baseline
measurements can improve overall understanding
of water use and allow for better monitoring of
business operations’ effects on the quantity and
quality of the water they use and return to the
environment. These baselines also encourage
cost-saving efficiency improvements with the co-
benefit of positive environmental and community-
level impacts,

Encourage the use of reclaimed water in
place of potable water where possible for
landscaping needs. Using reclaimed wastewater,
which is most commonly used in irrigation, has the
potential fo significantly lower landscaping costs.
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increasing urban and industrial use of recycled
water can be a cost-effective way to increase
water supply without drawing from a limited
supply of groundwater and freshwater, Many
states throughout the United States have adopted
guidelines for recycled water use.

Better align training and education programs
{o increase the pool of experts with skills in
water management, Educational requirements
at state colleges, junior colleges and universities
in horticulture and refated areas often lack the
appropriate level of focus on water conservation
and management. This is in part due o a

lack of state-level funding in the absence of
extreme conditions such as drought. Increased
alignment between industry and academia at
the undergraduate and posigraduate levels is
necessary to produce a strong talent pipeline,

Train upper-level managers with the

skills needed o recognize the technical
requirements around water management
during the hiring process. While the pool of
engineers and professionals trained in water
management is small, there is also a gap in
knowledge among upper-level managers with
regard to hiring employees with the proper skills
to implement sustainable water systems and
practices. A top-down approach is needed to
better integrate water management into core
business strategy, particularly in less densely
populated areas where there is increased difficulty
attracting top talent.

Energy is the linchpin of economic growth and
prosperity. In its abundance, low-cost, efficient
energy can create a competitive advantage for the
United States, enabling increased productivity and
efficiency across industries. The country’s commit-
ment to energy efficiency has helped not only to
reduce the negative environmental impacts associ-
ated with heavy industrial and consumer reliance on
energy, traditionally in the form of coal and other
fossil fuels, but also to reduce costs and drive inno-
vation and competitiveness,

As the world sits on the precipice of a clean energy
revolution, energy resides as an atiractive investment
that both supports preserving the nation’s existing
zero emission technologies and enables new tech-
nologies and innovative strategies fo reduce our
carbon footprint and remain sustainable for genera-
tions to come. But America’s energy security is also
an issue of national security. As we continue to
advance and modernize America's energy systems,

it is important to ensure grid modernization does not
occur at the expense of security. Monitoring cyber
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activity and guarding against infiltrations of Ameri-
ca’s grid and nuclear plants are a significant con-
cern, and grid security is a national security risk
of the highest order.

The Council on Competitiveness hosted the Energy
and Manufacturing Competitiveness Partnership
(EMCP) sector study dialogue on energy on May 31,
2017 in partnership with Exelon Corporation, Penn
State University and Argonne National Laboratory to
address these and other current issues in the energy
economy. The dialogue focused on strategies for a
sustainable, economically viable energy future that
satisfies the sometimes-competing needs of con-
sumers, industry and the environment.

Leverage: Energy was
released in May, 2018
at Penn State's annual
Energy Days conference
in State College, PA. The
event was attended by
over 200 experts from
industry and academia,
and included a follow-up
conversation linking the
report and recommenda-
tions to Pennsylvania’s
energy opportunity to

create regional prosperity.

Findings and Recommendations

« Implement regulatory policies that
encourage the preservation, development
and implementation of more efficient, clean
energy solutions. With gains being made in
efficient energy technologies, the United States
is becoming more self-reliant and even an

.

exporter of energy and energy technologies. The
approach of preservation and investment provides
a comparative advantage in many fuel-based
sectors of the economy, increases cost-efficiency
in major manufacturing sectors and promotes
investment in existing and new technologies.
Policymakers and regulators in the United States
must embrace new scientific discoveries and
modeling and simulation technologies to maximize
efficiency for non-renewable energy sources and
increase production of clean energy.

Direct funding and investment toward
innovation in energy storage capabilities and
clean energy technology. it is widely accepted
that innovation is responsibie for one third of
gains in economic growth in the United States.
For example, by shifting focus toward innovation,
nuclear plants have been able 1o increase
operating capacity from 60 percent to more than
90 percent in the past 30 years. Policymakers
must create incentives that accelerate the pace
of change in the energy sector, which would
allow for more immediate returns on innovation
as well as future economic development. This
includes medernizing the energy grid, updating
our energy infrastructure, preserving the nation’s
zero emission resources and focusing on clean,
resilient and renewable energy sources.

Secure America’s critical energy infrastructure
from cyber attacks. According to the Department
of Homeland Security, last year, of the cyber
incidents targeting industrial control systems

in the 16 infrastructure sectors designated as
critical, 20 percent were in the energy sector.
Technological advancements made in favor of
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energy efficiency are outpacing security and

will continue to do so unless we change the

way we approach and implement cybersecurily
strategies and practices. Protecting America’s
energy infrastructure against cyber-attacks is

an issue of national security, and requires a
model for valuation of cybersecurity and best
practices that includes input from a diverse group
of stakeholders from industry, academia and
government,

Utilize national labs to develop innovative
energy technologies. The national labs, when
provided appropriate funding, have the means to
design improvements for reliable and efficient
energy equipment such as wind turbines or ofl and
gas drills that are cost-effective and less prone

to traditional wear. By investing in national labs
and making their resources available to private
entrepreneurs and innovative startups, researchers
can hope to foster major technological
breakthroughs in the areas of energy production
and storage.

Guide research to the market and provide
guidance on where investment can be most
impactful to speed the commercialization of
new technologies. Building the bridge betwesn
universities, national labs and the business world
is critical 1o ensure research is not stranded

in universities or labs. Universitiss, companies
and the federal government must ensure
adequate and predictable R&D spending to
foster technological development and the federal
government must encourage investmenis that put
the United States in a more competitive position.

« Encourage a multidisciplinary approach to
education that includes opportunities for
students to learn technical skills, soft skills,
teamwork and critical thinking skills from
early development through post-graduate
education. Education must distance from
teaching by syllabus as this stifles creativity.
Policymakers must provide funding for technical
education in high schools and give students
hands-on training while de-stigmatizing well
paying “blue collar” jobs. Students should have
access to occupational engineers in hands-on
problem solving, and teachers must continue to
learn and communicate with indusiry experts to
evolve science curriculum.

Encourage lifelong learning opportunities
that allow students to gain more skills and
stack credentials. Every time a new technology
is developed, there must be a ripple of new
training within the industry so workers can
operate these new machines and researchers
can build on intermediary technologies to develop
breakthrough inventions, Utilities, technical
companies and fabor unions can ensure thelr
current employees’ skilf sets are meeting the
evolving needs of the energy industry by providing
education opportunities o people across diverse
ages and stages of their careers.
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The United States is on the verge of another golden
age in aerospace. Encouraging innovation the aero-
space sector goes beyond U.S, competitiveness and
is at the core of America’s imagination. Freeing
people from the confines of terrestrial travel is on the
horizon and will change the world significantly.
Whether aerospace manufacturing will ever reach an
automotive scale, however, is still uncertain.

As a critical economic incubator for emerging busi-
nesses, the aerospace industry can provide job
opportunities o help offset the loss of traditional
U.S. manufacturing positions. Given the importance
of aerospace business to U.S. innovation and eco-
nomic progress, the industry receives strong biparti-
san support from policymakers. The United States is,
however, at risk of losing a key opportunity to gain an
economic advantage in a growing business sector as
advancements in technology, talent, investment and
infrastructure on the part of global competitors
begins to outpace that of the United States.

In this sixth sector study of the Energy and Manufac-
turing Competitiveness Partnership (EMCP), the
Council on Competitiveness’ dialogue on competi-

tiveness in the aerospace sector gathered experts

to identify friction points, ideas and challenges facing
Introduction the aerospace sector. During the day-
long session, participants focused on the respective
roles of government and industry in funding and
supporting basic research and applied research, the
need for regulation to keep up with innovation and
the importance of collaboration between industry
and academia to fill the growing talent needs in this
industry.

Leverage: Aerospace was
released in August 2018
at an event hosted by the
University of South Caro-
lina. The event featured
a follow-up conversation
which sought fo identify
avenues through which

to implement the recom-
- mendations in a way that
 would create economic

pportunity for South
Carolina’'s manufacturing
sector.

Findings and Recommendations

+ Increase coordination between federal,
state and local governments on aerospace
infrastructure spending. The United States is
falling behind in infrastructure and is now ranked
lower than many of its compatriots in airport
efficiency. Many difficult technological problems
must be solved if the aviation infrastructure
needed for the future will provide the level of
safety enjoyed today. Much of this stems from
the disconnect of spending, as most airports
are funded by state and local governments,
and there is a lack of federal involvement.
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Better coordination and additional government
funding for basic research are needed to reclaim
competitiveness in this sector.

Reform policy in a way that encourages and
keeps up with the fast pace of innovation.
Aerospace has been a technologically driven
sector from fts inception. Policymakers must
quickly address potential concerns around certain
technological innovations, such as drones and
space-based fechnology, in order 1o avoid the
wealth of ethical and security concerns that
could arise and regain the global lead in space
exploration and travel,

Capitalize on America’s energy opportunity

to encourage innovation in the aerospace
sector. As the energy sector innovates and moves
away from traditional fossil fuels, the aerospace
sector has the opportunity to innovate its energy
efficiency. This could include building upon
innovations already being implemented in other
countries, as well as in other sectors in the United
States, including investment in areas from battery
powered planes fo solar-powered aircraft.

increase the velocity of adoption of new
materials to outpace global competition.

it takes 10-20 years to take an aerospace
material from design to deployment in the
United States. In order to maintain a competitive
edge, computational technigques and methods
must be applied to the qualification of new
material systems through increased modeling and
simulation. This will require an increased focus on
science investment and commercialization and
deliberate linkages between academic research
and commercial deployment.

« Build cybersecurily into aesrospace technology
and infrastructure. Given the outstanding safety
record of the aerospace industry and high levels
of risk aversion, safety must evolve innovation,
not after. As the flow of data and sharing of
information becomes crucial fo this sector and an
increasing density of aircraft in the skies leads to
a higher need for communication across the air
and to the ground, cybersecurity will continue to
become increasingly more important.

Encourage sharing of best practices between
the aerospace and automotive sectors. it is
unlikely that cars and ground travel will ever be
completely overshadowed by air transportation.
Self-driving car models are now in development
at multiple companies, with some already being
tested for usability. Thus, it is necessary to think
with a system-integration approach, where the
two forms of travel and transport can work in
conjunction for the betterment of society.

Promote parinerships between industry and
academia to increase the talent pool. The
current promotion and tenure reward system
discourages applied research, leaving a void fo
be filled by industry. But when viewed against the
backdrop of decreasing federal research funding
and shrinking R&D activiy in many industries, the
need for cooperation and collaboration to ensure
innovation and motivation can be effectively
translated into results and impact.

Redesign academic curricula at all levels to
create a multidimensional workforce. Creating
a talent pool diverse in gender, ethnicity and skil
will be essential to building competitiveness in
the aerospace sector. Educators and employers
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alike—as early as K-12 and up to mid-career
professionals—must encourage the pursuit of
opportunities in this growing industry. This might
include everything from engineering competitions
1o opportunities through trade schools, classes
offered by companies, online courses or
community college offerings.

Cybersecurity for Industry: Ensuring Prosperity
in a Digital Economy
e Rapid advancement in
. cyber technology develop-
ment is being fueled by
industry modernization,
e-commerce and con-
sumer enfertainment. The
interconnectedness and
openness made possible
by the internet and the
 broader digital ecosys-
em creates unparalleled
alue for society.

Cybersecuritv
for Industry

Advancements in computing, networking and com-
munications technology permeate through every
sector of the economy and are being made at a
pace that is both breathtaking and unprecedented
in human history. But these same qualities make
securing today’s cyber landscape extremely chal-
lenging. Technological advancement is outpacing
security and will continue to do so unless we
change the way we approach and implement cyber-
security strategies and practices.

With attribution of cyber-attacks becoming more
difficult, and with these events happening at increas-
ing rates, companies and organizations need a
revised ool set to handle cyber-attacks quickly and
effectively. And as adversarial Al becomes signifi-
cantly more sophisticated in the next 3-5 years, the
need to promote a cyber moon shot becomes
increasingly more urgent. Cybersecurity is no longer
a predominantly tech-related problem—due fo the
tremendous financial burden of cyber-attacks
incurred as a consequence of disruption to opera-
tions, loss of data and cost of security among other
concerns, cyber-attacks have become a risk man-
agement issue, while strong cyber defense/response
can be a productivity enabler.

Despite the clear importance of cybersecurity in the
current technological and political climate—and the
threat cyber-attacks pose to critical infrastructure
and infellectual property, and therefore 1o business
operations and national security—resource con-
straints, both financial and human, are pervasive.
Small- and medium-sized companies often face
budgetary constraints that preclude them from
affording the latest security technology. And firms of
all sizes see talent shortages and knowledge gaps
that leave them vuinerable to cyber risks and slow io
recover from cyber-attacks.
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These are just a few of the multidimensional security
challenges companies in the United States face in
an era marked by transformational innovation and the
digitization of an exponential amount of data. These
challenges, while difficult and numerous, are not
insurmountable. They will, however, require collabora-
tion on the parts of both the public and private
sectors to improve America’s mitigation, adaptabllity
and resilience 1o the growing number of cyber
threats from state and non-state actors

Initial Findings

Voluntary, industry-led cybersecurity standards,
created in parinership with the government, are
needed. While risk management frameworks and
industry guidelines around cybersecurity exist, there
is a need for industry-sponsored standards that
define basic cybersecurity terms, and set security
thresholds for products and systems. These stan-
dards could be used to benchmark security posture
and create a competitive advantage for companies.
The National Institute of Standards and Technology
(NIST) could act as an umbrella infrastructure for
these standards,

Security must be integrated into products and
processes early on in the development cycle,
rather than being considered an add-on compo-
nent. As the pace of technological advancement
accelerates at record speeds and products become
increasingly connected through the proliferation of
sensors and data, vulnerability to data theft and
operational disruption increases. As the threat of
cyber-attacks becomes more grave, products and
processes must be designed with cyber resiliency
in mind.

An overwhelming amount of data creates chal-
lenges with regard to credibility of cyber threats
and ability to operationalize data. With the volume
of useful, actionable information greater than ever
before, a balance must be struck between informa-
tion sharing required for legitimate policy interests
and guarding private enterprise interests. Standard-
izing the gathering and valuation of cybersecurity
data would improve security across all industries, but
building trusted relationships is currently the best
way to facilitate sharing of high-quality data on
cybersecurity threats and attacks.

Cybersecurity must be transformed inlo 2 com-
petitive advantage rather than a sunk cost by
focusing on the confluence of risk, capabilities
and resources. By treating cybersecurity as a
pre-competitive issue, being proactive in addressing
threats rather than reactive fo attacks, and looking
at cyber technologies and cybersecurity posture as
valued capital rather than as a liability, companies
can raise thelr security posture and insulate them-
selves from cyber threats. This requires more
research info quantifiable risk that can enable a
meaningful regulatory approach and insurance mar-
ket that should in time be rewarded by the market.

All organizational levels, including company
boards and C-suite leaders, must be engaged in
cyber planning, response and recovery efforts.
Cybersecurity is often considered the job of policy
and IT experts. A shift in organizational culture
across all organizational functions and levels to view
cybersecurity as an issue of larger corporate rel-
evance, rather than simply a technology problem, is
necessary to improve companies’ ability fo protect
against, respond to and recover from cyber-attacks,
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industry and academia must work together
to create a baseline curriculum to educate a
knowledgeable, cyber-savvy workforce. It is
vitally important for the United States to have an
adequate, viable cybersecurity workforce with a

inclusion will be essential in order to meet the bur-
geoning needs in this field. Hands-on experience

and mentorship programs would also help increase
interest while combatting the slow pace of curricu-
lum change. It would also be mutually beneficial for
industry and academia to cross-polfinate and cycle
practitioners and educators through both worlds.

Cybersecurity must be integrated into educa-
tional curricula outside traditional four-year
universities and post-grad studies, including
high schools and community colleges. The
responsibility of educating on cybersecurity and
computer science should not rest entirely on college
and universities. College-level courses in cyber or
computer science at the high school level would help
expand the talent pool. Community colleges, with the
support of industry executives, should also be con-
sidered a viable option for students and a viable
recruitment pool for employers.

Cybersecurity: An Issue of National Security
The digitization of society, proliferation of data and
increased connectedness of products and services—
particularly in America’s critical infrastructure sec-
tors— have transformed the ways Americans live and
organizations operate, Yet, the tremendous growth in
the level of connectivity poses risks to U.S. global
competitiveness as firewalls become the next front-
line for battle in the United States. As a result,
cybersecurily has become an issue of national
security.

P
consistent, baseline level of knowledge. Diversity and | s

k cybersecuriw

The United States is facing a steady increase in the
volume, types and sophistication of cyber-attacks.
Organizations of all types—including industry, govern-
ment, academia and
national laboratories—are
assailed relentlessly by
fforts from state and
rivate entities to disrupt
perations, steal informa-
ion and increase their
own competitiveness.

. These threats, which
come in the form of
traditional cyber-crime,
military and political
espionage, economic
espionage and cyber
warfare, carry considerable costs for the United
States and the world. In fact, a study by Juniper
Research suggests the annual cost of data breaches
will reach $2.1 trillion globally by 2019, an increase
of almost four times the estimated cost of breaches
in 2016.%¢

Cyber-attacks are particularly concerning when it
comes {o the 16 critical infrastructure sectors as
defined by the Department of Homeland Security®
—each of which plays an integral role in America’s
economic and national security. A reliable energy grid,
for example, is essential for any institution to operate.
And while the U.S. Department of Energy currently

A

29 The Future of Cybercrime & Security, Juniper Research, March 25, 2017,

30 PPD-21 identifies 16 critical infrastructure sectors: chemicals; commer-
cial faciiities; critical manufacturing; dams; defense industrial base;
emergency services; energy: financial services; food and agriculiure;
government facil s healthcare and public health; information technol-
ogy; nuclear reactors; materials and waste; sector-specific agencies;
transportation systems; and water and wastewater systems, hitps://
www.dhs.gov/critical-infrastructure-sectors.
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has plans to improve preparedness, response and
recovery capabilities, 90 percent of the energy grid

is operated by private companies—requiring strong
public and private partnerships to ensure these suppli-
ers are resilient against and have the tools needed
to respond quickly to potential cyber-attacks.™

The increasing sophistication of cyber-attacks poses
a constant threat to critical infrastructure. And as the
availability of networks is called into question every
day, the economic viabifity of U.S. businesses and the
freedoms Americans exercise daily are in jeopardy.

Initial Findings

Cybersecurity should be built into industry and
government contracts to incentivize broader
adoption. Cybersecurity must be better incentivized
using new, innovative market mechanisms. This could
include building security into procurement mecha-
nisms or advancing how technologies are measured
for security in order to institutionalize the adoption of
security measures across the supply chain.

A unified, clear research agenda across industry
and government is needed in the cybersecurity
space. When it comes to cybersecurity research,
there is no clear, community-defined research
agenda, resulting in duplication of efforts and inef-
ficient use of limited financial resources. A mecha-
nism is needed to organize the research community
and marshal appropriate stakeholders and topics 1o
shape the research agenda.

31 Cybersecurity for Critical Energy Infrastructurs, U.S. Department
of Energy, 2018,

Effort is needed to connect industry with
laboratory and academic research to ensure
knowledge transfer and reduce duplication.
Discoverability of existing capabilities—both on

the part of industry and the R&D community—is

a significant challenge. Better coordination would
reduce duplication of efforts—both within and across
these communities—and help better align research
priorities and commercial needs to scale up security
solutions.

There must be a clearly-articulated federal
model for cyber response to critical infrastruc-
ture attacks. While numerous government agencies
are factoring cybersecurity info their programming
and funding, there is minimal coordination across
these programs. This would decrease duplication of
efforts and improve resiliency and response capabili-
ties in the face of cyber threats.

There is an opportunity at the state or regional
tevel to capitalize on the patriotism, altruism and
tech savviness of younger generations to creale
coalition(s) of cyber first-responders. Current
recovery times from cyber-attacks are long and
static, threatening American security and economic
interests. The United States needs a coordinated
first-response effort to further regional cyber protec-
tion and response. One potential home for this effort
could be within the National Guard.

Globally-defined, security baselines are needed
and must be informed by relevant stakeholders.
Useful and practical security baselines would level
the playing field and set basic expectations around
how systems and networks can be deployed in
recommended, secure configurations. Advances
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must be made through the product lifecycle to
improve design, defauit and deployment, thereby
building assurance around the resiliency of critical
infrastructure to cyber-attacks and disruption.

Applying automated security monitoring to
critical infrastructure sectors would significantly
improve cyber defense. When applied to the
observe-orient-decide-act loop, continual evaluation

of security through artificial intelligence and machine

learning can enable adversary detection, attribution
and action prediction and improve response in a way
that would reduce the asymmetric advantage of
attackers and level the cyber defense playing field
for critical infrastructure providers.

Cybersecurity must be integrated info the aca-
demic curricula of related topics. While fraining
cybersecurity professionals is a valuable endeavor,
cybersecurity must be a key educational component
for computer scientists, engineers and other profes-
sions in which security is a foundational concern.
This will increase the pool of professionals with
relevant and applicable cybersecurity skilis across
the most critical areas of need and ensure that
future engineers across all disciplines are able to
design and build secure systems.

Barriers prohibiting practitioners to serve as
educators must be reduced. While there are
significant challenges around a mismatch between
supply and demand of cybersecurity professionals,
academia faces the compounding challenge of a
lack of educators to train the workforce of tomorrow.
A strategic effort on the part of industry and aca-
demia is needed to fill this gap.

Cybersecurity: Engaging Government
& Policymakers

As computing power
rapidly increases, the U.S.
faces the challenge of
protecting the latest
technology from the
increasing threat of
cyber-attacks. This task
- will only become more
difficult given the rising
umber of devices
onnected to the electric
grid as smart homes and
bulldings become the
norm. Although the United States is pro-
gressively making cybersecurity a higher priority for
the nation, there is still much work 1o be done to
secure critical infrastructure.

Cybersecuﬁtvi
Engaging
Government

& Policymakers

Already at a disadvantage in comparison 1o its
adversaries, U.S. policymakers must act to build
resilience to the increasing threat and occusrence of
cyber-attacks. Without a single group or entity within
government designated fo take charge in the face of
a large-scale attack, adversaries are able fo maxi-
mize their already asymmetric advantage and exploit
weaknesses in U.S. response capabilities. And while
agencies like the Department of Energy have taken
critical steps to protect America’s energy infrastruc-
ture, coordination and effective communication with
Congress is necessary 1o ensure efficient use of the
limited resources available to support nationwide
cybersecurity.
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Simulianeously, the challenges posed by the increas-
ing cyber threat from state and non-state actors
continue to outpace the size of the workforce
equipped with the skills to mitigate the growing risk.
While programs exist throughout the federal govern-
ment, including the National Science Foundation’s
CyberCorps®: Scholarship for Service, a scholarship
program to recruit and train the next generation of
information technology professionals, industry control
system security professionals and security managers,
these efforts must be amplified in order to keep
pace with the growing need for cybersecurity profes-
sionals.

Together, policymakers across all federal agencies
must address the growing threat of cyberattack to
the United States. Coordination and collaboration,
are essential if the United States is to secure against
the threat of attack, enhance cyber resilience,
strengthen the cyber workforce and boost the
awareness needed o remain competitive.

There must be a clear, practical model for cyber
response that identifies roles and responsibili-
ties of the public and private sectors. Numerous
federal agencies currently have jurisdiction over
different aspects of cybersecurity, leaving uncer-
fainty as to where responsibilities lie in the wake of
an attack. Similarly, there is a lack of clarity on the
part of industry as to the requirements. Clear leader
ship in the cybersecurity space would help the
United States maintain its competitive advantage

by thwarting cyber threats.

Small- and medium-sized businesses often lack
access to the knowledge and resources needed
to maintain an appropriate level of cybersecurity.
Much of industry is below the cyber “poverty line”,
meaning they do not have access to the resources
needed for basic cyber hygiene, much less defend-
ing against nation-states. These businesses can
serve as a gateway into larger organizations for
attackers. Tools and guidance for small and medium
businesses would improve supply chain cybersecurity
writ large.

Tools for assessing the performance, benefit
and risk associated with cyber tools must be
developed. Independent consumer reports tests or
assurance programs that correlate to improved
cybersecurity posture would improve supply chain
security and enable the uptake of proven security
technologies.

The current talent pool cannot meet the rising
demand for cybersecurity workers. Without
intervention, the United States will experience a
debilitating lack of talent to fill cybersecurity needs
essential for maintaining our competitive advantage
globally. Tools must be developed to train cybersecu-
rity professionals at all levels—from first response
practitioners fo experis,

Cybersecurity must be incentivized as a risk
management issue o raise the overall security
posture of American industry and critical infra-
structure. When cybersecurity is perceived by
businesses as cost, decisions are made from a
cost-benefit perspective rather than a risk manage-
ment vantage point. This becomes a challenge as
cybersecurity risks span beyond the source of the
incident. Cyber protections and processes must be
valued as capital rather than cost.
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Security must be built into products and sys-
tems from the very earliest stages of develop-
ment. The pace of innovation and technology uptake
by the general public has historically been driven by
convenience and functionality as opposed to security.
This creates a situation where technology is used
long before its security implications are understood.
Creating a basic blueprint that provides a succinct
path for security-enabled technologies to transition
from research to market will minimize stranded
research and increase the overall security posture

of the United States by facilitating the introduction

of new, more secure products to the market.
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The Council's leadership group firmly believes that
with the right policies, the strengths and potential of
the LLS. economy far outweigh the current chal-
lenges the nation faces on the path to higher growth
and greater opportunity for all Americans.
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APPENDIX A

A National Agenda for Cybersecurity

A national cyber agenda must
ensure the United States has
the infrastructure, technology and
talent needed to build resilience
to cyber-attacks, along with the
ability to respond and recover

in the event of such attacks.

The interconnectedness and openness made
possible by the Internet and the broader digital
ecosystem create unparalleled value for society.
The architects of the Internet could not know,
however, that it would reach the breadth and scope
seen today. Throughout human history, technological
advancement has outpaced security. While this is
unlikely 1o change, America's ability to remain
resilient in the face of increasing cyber threats will
require a shift in the understanding of—and dynamic
between—innovation and security. The evolution

to a new way of thinking that focuses on deliberate,
risk-informed trade-offs will be essential,

What follows are a series of concrete, actionable
recommendations cutting across the public and
private sectors that, taken together, will strengthen
U.S. cyber defenses and ensure greater resilience
in the face of growing and malicious cyber threats.

Secure America’s Critical Assets and
Infrastructure Against Cyber-attacks

With the average cost of a data breach in the United
States at an ali-time high of $7.91 million and over
1,300 significant breaches in the last year, malicious
cyber activity in the United States is a substantial
threat to America’s economic and national security.®
The increasing sophistication of cyber-attacks poses
a constant threat to critical infrastructure. And as the
availability of networks is called into question every
day, the economic viability of US. businesses and the
freedoms Americans exercise daily are in jeopardy.

1. Curtail the foreign acquisition by hostile
actors of American cybersecurity assets to
better manage risk. Regional powers have a
growing potential fo use purchased cyber tools

to conduct catastrophic attacks on U.S. critical
infrastructure.’® While cyber threats from state
and non-state actors come in many forms, including
cyber-crime and military and political espionage,
the acquisition by hostile foreign governments of
U.S. cyber assets constitutes a significant security
risk for the United States.

Recommendations

1.1, Require under the new authorities of the For-
eign Investment Risk Review Modernization Act
(FIRRMA) in the National Defense Authoriza-
tion Act for Fiscal Year 2019 that the Commit-
tee on Foreign Investment in the United States
(CFIUS) conduct full reviews and regulatory
approval for any foreign investment or owner-
ship interest in American advanced cybersecu-
rity startups, joint ventures or acquisitions.

32 2018 Cost of a Data Breach Study, Ponemon Institute, July 2018,

33 Task Force on Cyber Deterrence, Department of Defense Defense
Science Board, February 2017,
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1.2. Require all U.S. securities and SEC-registered
securities and investment funds of any size
to provide the U.S. Department of the Treasury
and the FBI full transparency on sources of
investment capital and intellectual property, and
limit partners from countries deemed high-risk
or sanctioned by the Treasury Department.

1.3. Expand the authority of the Bayh-Dole Act and
federal tech transfer act to prevent the licens-
ing of U.S. cyber technology developed with
federal funding to foreign countries deemed
high risk.

2. Leverage public and private sector purchas-
ing power to ensure cybersecurity protections
are upfront requirements throughout the value
chain. While DoD contractors and subcontractors
are required to meet certain security profocols, there
is no universal clause across federal procurement
contracts, And, industry largely lacks a consistent
approach to applying best practices for security
design, development and deployment of Internet-
connected devices.

Recommendations

21, Extend Defense Federal Acquisition Regulation
Supplement DFAR 262.204-7012 language
mandating adequate security to all government
agencies.

2.2. Call on Congress to take immediate action on
the Internet of Things (1oT") Cybersecurity
Improvement Act of 2017, requiring the inclu-
sion of specific cybersecurity protections in
procurement contracts with all federal and

state agencies for Internet-connected devices.

Incentivize vendors' awareness and adoption of
security best practices utilizing industry pur-
chasing power.

2.4, Promote greater uptake and use of existing
cybersecurity standards 10 increase supply

chain security.

3. Establish a means of coordinating cyber
R&D investments and research agendas. When it
comes o cybersecurity research, there is no commu-
nity-defined research agenda, resulting in duplication
of efforts and inefficient use of limited financial and
human resources.

Recommendations

3.1. Establish the National Cybersecurity R&D
Initiative, chaired by the White House Sclence
Advisor, o identify challenges, solicit industry
input, define priorities and, on an ongoing basis,
coordinate government investment to optimize
talent and resources and avoid duplication
of efforts.

3.2. Convene a Basic Research Needs working
group including leaders from the public and
private sectors to define a set of research
priorities to address the technology R&D
challenges and Science Grand Challenges that,
if solved, will strengthen U.S, cybersecurity
capablity.

3.3. Create data-driven processes to develop spe-
cific cybersecurity countermeasures unique
to sectors and sub-sectors, and disseminate
these processes through Information Sharing
and Analysis Centers and Community Emer-
gency Response Teams to mitigate the risk

of cyber incidents.
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4. Develop, upgrade and deploy cybersecurity
technology to enhance America’s resilience to
cyber-attacks. The pace of technological advance-
ment is accelerating at record speeds, increasing
vulnerability to data theft and operational disruption
increases. As the threat of cyber-attacks becomes
more grave, products and processes must be
designed to meet basic security standards.

Recommendations

41, Require that all new technology applied fo the
electric grid meet industry standards to ensure
basic cybersecurity.

4.2, Expand funding and private sector engagement
for testbeds for the creation and adoption of
new cybersecurity technologies such as Digital
Manufacturing Design and Innovation Institute
(DMDI) Cyber Hub for Manufacturing and the

Army Cyber-research Analytics Laboratory.

4.3. Expand the NIST cybersecurity framewark

fo better guide secure development of loT,
operational technology (OT) and information
technology (IT) platforms and technologies as
a means to bolster private industry certification

programs,

Strengthen America’s Cyber Response
and Recovery Capabilities

According to the latest data, in the United States,
the average time required to identify a data breach
incident is 201 days, while the average amount

of time to contain a breach is 52 days.* America's
ability to detect, withstand and recover from cyber
events that disrupt the economy and society in a
quick and coordinated manner is essential for the
nation's security and competitiveness,®

5. Enhance coordination across departments
and agencies at the federal and state levels
responsible, with the goal to improve resiliency
and response to cyber threats. While numerous
federal agencies are factoring cybersecurity into
their programming and funding, there is minimal
coordination across departments.

Recommendations

5.1, The administration should reinstate and
empower a White House cybersecurity czar
fo oversee a government-wide interagency task
force to develop and implement, within 180 days,
a coordinated cyber defense strategy that
includes mechanisms for owners and operators
of critical infrastructure to more easily share
appropriate data.

5.2. Governors should convene state and local
representatives from across the public and
private sectors to develop statewide cyber-

attack prevention and response strategies.

34 “IBM Study: Hidden Costs of Data Breaches Increase Expenses for
Businesses,’ PRNewswire, IBM Security, July 11, 2018,

35 "Protecting Small Businesses from Cyber Attacks: the Cybersecurity
insurance Optiort, Testimony of Rebert Luft, Owner, Surefire Innovations,
National Small Busi ssoclafion, July 26, 2017,
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5.3. Convene biannual meetings of the private
sector chairpersons of federal government
advisory committees and external boards to
share agency priorities, best practices and
identify areas fo strengthen interagency col-
laboration.

6. Develop agile, mobile and technically trained
state and/or regional coalitions of cyber first-
responders. Current recovery times from cyber-
attacks are long and protracted, threatening
American security and economic interests. With the
average cost of a datfa breach in the United States at
an all-time high of $7.91 million,” efficient incident
response is critical and current assets are insuffi-
clent,

Recommendations

6.1, Institute state Cyber Protection Teams through
the National Guard Bureaus and tactical analy-
sis groups.

6.2, Governors and state legislators must provide
funding and reduce legal and liability barriers to

resources acting in state capacity.

6.3. Expand to additional states existing programs™
o provide veterans with access o cybersecu-
rity training opportunities and resources to help

veterans enter the cybersecurity workforce,

6.4, Establish and fund, at the state level, “civilian
reserve cyber corps” comprising volunteers
from private industry security and IT profession-
als to be deployed in the event of a regional

cyber incident.

38 2018 Cost of a Data Breach Study: Global Qverview, Ponemon
institute, July 2018,

37 Cyber Virginia: Cyber Veterans Initiative, The Commonwealth of Virginia,
Juy 2017,

6.5. Create a tiered technology approach fo cyber
that enables technically-trained cyber experts—
people who are experts in using tools but that
don't require advanced degrees—to obtain the
technical skills needed to act in this capacity.

7. Expand access to cyber resources for small
and medium-sized companies. Small businesses—
those with fewer than 100 workers—represent more
than 98 percent of total businesses in the United
States.®® In fact, 58 percent of data breach victims
are small businesses.™ Small businesses estimated
their average cost for incidents in the last 12 months
to be $34,604.9

Recommendations

71, Sustain funding for the Manufacturing Exten-
sion Partnership (MEP) National Network and
expand resources available for cybersecurily
tools and training and certification such as the
NIST MEP Cybersecurity Assessment Tool.

State and metropolitan Small Business Admin-
istrations should establish cybersecurity train-
ing initiatives in partnership with Workforce
Development Boards fo reach a broad array

of small and medium-sized businesses below
the cyber poverty line,

7.2.

7.3 Expand federal and state outreach to small and
medium-sized businesses 1o increase knowl-
edge of existing resources, including top
resources identified by the DHS U.S. Computer

Emergency Readiness Team (US-CERT).

38 Annual Survey of Entrepreneurs, U.S. Census Bureau, 2016.
3G 2078 Data Breach Investigations Repart, Verizon, 2018,
4Q 2018 HISCOX Small Business Cyber Risk Report, Miscox inc, 2618,
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8. Engage corporate leadership in the develop-
ment of procedures necessary to plan for,
respond to and recover from cyber incidents,
Cybersecurity has become an urgent concern for
companies of all sizes and across all industries.
Cyber threats pose significant risks to economic
security and competitivensss and have become
increasingly costly in terms of detection and
response.

Recommendations

81, Corporate cybersecurity leads should report
directly to executive team members and align

responsibilities with risk management strategies.

8.2. Companies should embrace the Securities and
Exchange Commission Guidance on Public
Company Cybersecurity Disclosures* and take
all required actions to inform investors of
material cyber risks and incidents in a timely

fashion.

Develop and Deploy a 21st Century
Cyber Workforce

Further adding to the growing risk of cyber threats fo
American prosperity, the world is on pace to reach a
cybersecurity workforce gap of 1.8 million by 20222
It is vitally important that the United States have an
adequate cybersecurity workforce fo secure the
nation’s critical infrastructure; respond to the ever-
expanding cyber threat; and equip businesses of all
sizes and governments at all levels with the talent to
meet the next generation of cyber challenges.

41 Commission Statement and Guidance on Public Company Cyhersectrity
Disclosures, 2018.

42 2017 Global Information Security Workforce Study, Frost & Sultivan,
2017,

9. Expand and upskill the cybersecurity work-
force to meet the complex and growing cyber
threat. The cybersecurity field faces a constant
shortage of practitioners, with approximately
350,000 current cybersecurity openings unfilled,
according o CyberSeek, a project supported by
the National Initiative for Cybersecurily Education
(NICE).

Recommendations

9.1, Ensure NSF funding for the CyberCorps®:
Scholarship for Service (SFS) program meets
the growing demand.

9.2. The National Science Foundation should
expand and expedite the implementation of the
Community College Cyber Pilot Program (C3P)

under the CyberCorps® SFS program.

9.3, Congress should take immediate action to pass
S. 754, Cyber Scholarship Opportunities Act of
2017 to permanently extend support for cyber-
security education in primary and secondary

schools.

9.4 Expand cybersecurity awareness programs
in secondary schools to increase interest and
awareness of students from diverse back-
grounds regarding career opportunities in the

cybersecurity field.
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10. Reform curricula at the nations’s colleges
and universities to better meet the demand for
cyber-savvy students and workers. The race to
respond to cyber workforce needs has led to incon-
sistency in program quality and stove piping of
expertise, The ability of academia, industry and
government 1o address these challenges while
meeting the growing workforce demand will be a key
driver of American competitiveness,

Recommendations

10.1. Expand the number of colleges and universities
with programs and credentials that meet the
criteria required for designation as National
Centers of Academic Excellence in Cyber
Operations or Cyber Defense by the National
Security Agency and the DHS,

10.2. Embed cybersecurity concepts into a broad
range of existing degree programs at the
university level

11. Break down legal and organizational barriers
prohibiting or limiting cybersecurity practitio-
ners from serving as educators. While there are
signiticant challenges around a mismatch between
supply and demand of cybersecurity professionals,
academia faces a compounding challenges of a lack
of educators to train the warkforce of tomorrow.

Recommendations

111, States and educational instifutions must reduce
barriers fo allow cybersecurity practitioners 1o
serve as professors of practice.

11.2. Establish industry-academia-national laboratory
exchange programs to facilitate cross-polfina-
tion between cyber experts and practitioners.

Boost Cyber Awareness Among
Policymakers and the Public

Human error is one of the most significant challenges
when it comes to protecting against cyber-attacks.
In fact, 90 percent of cyber incidents are human-
enabled,* while as many as 24 percent of attacks
may be due to employee actions or mistakes.

12, increase the awareness and understanding
of cybersecurity issues among members of
Congress and their staffers. With at least 36
states, D.C. and Puerto Rico having introduced and/
or considered more than 265 bills or resolutions
related to cybersecurity® and as many as 12 com-
mittees holding jurisdiction over various departments,
agencies and programs addressing cyber issues, all
policymakers on Capitol Hill must understand the
technology and implications of cyber threats.

Recommendation

12.1. Members in the House of Representatives and
Senate should reinvigorate the bipartisan
House and Senate Cyber Caucuses, which
have been largely dormant in recent years,
to provide members of Congress and their
staffers with access 1o experts in the field.

43 Shifting the Human Factors Paradigm in Cybersecurity, Calvin Nobles,
Ph.D., March 15, 2018.

44 2015 Data Security Incident Resporise Report, BakerHostetler, 2016,

45 Cybersecurity Legislation 2018, National Corference of State Legisia-
tures, May 18, 2018,
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13. Increase the cyber awareness of the general
public. An ever-evolving number of cyber threats
target what is, in many ways, the weak link in the
U.S. cyber ecosystem—the general public. Spam,
phishing, spyware, malware, trojan horses and a
litany of targeted consumer attacks can ruin per-
sonal financial security and be a gateway to a
broader attack with the consumer as the entry point.
Cyber savviness is no longer a luxury, but a necessity
for all Americans.

Recommendations

13.1. Fund, develop and implement a major national
cyber-awareness campaign, that builds on
existing efforts, to increase the general public’s
awareness and capability to prepare for and
respond to cyber threats.

13.2. Call on local economic development authorities
o put in place programs that encourage cyber-
security education at the K-12 level.

13.3. implement and enforce basic cybersecurity
protocols throughout industry, government and
academia including patching, multi-factor
authentication and identity management as
standard business practices.
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APPENDIX B

Innovate America National Innovation
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APPENDIXC

Drive. Private Sector Demand for Sustainable
Energy Solutions Recommendations

Global Prerequisites
Recommendation: Expand Trade and Global
Growth

* Remove tariffs and non-tariff barriers for
sustainable energy products and services while
not creating a dual track for preferential trade
liberalization

-

Assure intellectual property rights ({PR) for all
industrial products and services, copyrights and
sustainable energy solutions

Recommendation: Take the Lead in Copenhagen
+ Commit to reduce U.S, emissions on a set
timetable

* Promote reduction targets for all major emitters

Recommendation: Collaborate with Developing
Nations in Reducing Emissions
= Provide financial and technical support

American Prerequisites

Recommendation: Clarify Policies and Inform

the Public

+ Clarify and coordinate energy and environmental
policies across federal agencies

Take a “systems approach” to policy and funding
decisions

Increase America's energy knowledge

Disclose energy and carbon data for buildings
and products

Recommendation: Reward Efficiency

-

.

Provide tax credits and federal financing for home
efficiency improvements

Provide tax credits o accelerate the turnover to
advanced technology vehicles

Make a step change in vehicle efficiency
standards and vehicle miles traveled

Peg appliance standards to best-in-class

Allow utilities to profit from energy efficiency so
customers receive incentives

Ly Srgy

Recommendation: Use it Alf and Price it Right

.

»

Rationalize federal and state regulatory policies
Drive diversification to low-carbon energy sources
Assure renewables access to the grid

Expedite nuclear power plant approvals and re-
commissioning

Eliminate regulatory uncertainty for nuclear waste

Expedite consiruction of carbon capture and
storage facilities

Establish a price floor for gasoline
Link the gasoline tax to CAFE standards

Price carbon emissions
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Recommendation: Capitalize Growth and Make It
Here
+ Reduce the corporale tax raie

Generate a revenue pool for infrastructure
financing

Enable high-risk, high-return energy projects

Invest in nuclear industry expansion

Provide a steady stream of manufacturing and job
creation financing

Designate Clean Energy Technology
Manufacturing Development Zones

Establish Clean Energy Manufacturing Centers of
Excellence

-

Provide federal financial investment in initial
manufacturing facilities for clean energy
technologies

Incentivize production retooling and efficiency for
clean energy technology production

» Enhance industrial access to HPC resources

Recommendation: Build it Fast and Smart
* Set national criteria for transmission siting

+ Recover transmission costs on a regional basis

* Develop standards for device interoperability and
security

Recommendation: Discover the Future and Break
the Technology Barriers
+ Provide a steady, robust stream of R&D funding

.

Launch clean energy research consortia for
enabling energy technologies

Fast-track technology demonstrations and pilots
for CCS and energy storage

.

Fast-track demonstrations of new nuclear reactors

Recommendation: Bridge the Skills Gap and Build

the Talent

*» Boost funding for workforce training in clean
technology

Develop and nurture world-class energy
researchers and educators

N

Provide full scholarships for energy-related
education

»

Make worker training benefits portable

Harness global talent by amending US.
immigration laws

-

Cultivate youth interest in clean energy and
environmentally-sound industry

Give private industry a stake in creating a pipeline
of workers

Bridge funding gaps for community colleges

+ Galvanize local coalitions
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APPENDHX D

Make: Five Challenges and Solutions to Make
an American Manufacturing Movement
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APPENDIXE
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