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EXAMINING WAYS TO STRENGTHEN RE-
SEARCH AND DEVELOPMENT IN INNOVA-
TIVE TRANSPORTATION TECHNOLOGIES,
WITH A FOCUS ON SOLUTIONS THAT DE-
CREASE EMISSIONS, REDUCE OUR RELI-
ANCE ON FOREIGN SUPPLY CHAINS, AND
INCREASE MANUFACTURING IN THE
UNITED STATES

TUESDAY, MARCH 16, 2021

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

The Committee met, pursuant to notice, at 9:34 a.m. in Room
SD-366, Dirksen Senate Office Building, Hon. Joe Manchin III,
Chairman of the Committee, presiding.

OPENING STATEMENT OF HON. JOE MANCHIN II1,
U.S. SENATOR FROM WEST VIRGINIA

The CHAIRMAN. The Committee will come to order.
Before we get started, I would like to recognize my dear friend,
Senator Heinrich. He has a little announcement he wants to make.

OPENING STATEMENT OF HON. MARTIN HEINRICH,
U.S. SENATOR FROM NEW MEXICO

Senator HEINRICH. Thank you, Chairman.

I wanted to just take a brief moment to recognize my long-time
Senior Legislative Assistant on this Committee, Dr. Dan Alpert,
who is retiring after a distinguished 23-year career here in the
Senate. We all know that our work on this Committee and for our
constituents would be absolutely impossible without the dedicated
and knowledgeable staff that we have here on this Committee and
that is especially true in the case of Dan Alpert.

Dan has been absolutely essential to my work on this Committee
in support of our national labs where, by the way, he worked for
20 years before he worked for the Senate for 23. He has allowed
me to really invest in the development and deployment of innova-
tive clean energy technologies with his knowledge and just as im-
portant, I think, Dan has been a really wonderful mentor and
friend to a countless number of colleagues and constituents here in
the Senate.
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His whip-smart intelligence and dry sense of humor are fully
matched by his kind heart, and I know I speak for my entire team,
as well as Senator Jeff Bingaman’s office before us, and many oth-
ers on this Committee in saying that we will miss you terribly,
Dan, but I am so happy to congratulate you on your retirement and
we all wish you well as you set off on new adventures and more
time spent with your sweetheart, Ann.

Thank you, Dan.

[Applause.]

The CHAIRMAN. Thank you, Doctor. We really do appreciate you.
I was wondering why Martin was so smart. Now I know.

Senator HEINRICH. You weren’t supposed to tell anyone.

[Laughter.]

The CHAIRMAN. The United States has been a leader of innova-
tion in the transportation sector since Robert Fulton created the
first commercially successful steamboat in 1807. From the Wright
Brothers and Henry Ford’s assembly line to the successful flight of
the Apollo 11 spacecraft, American ingenuity has been leading the
way to transform how our society moves people and goods. As we
face the climate challenge, American innovation in transportation
technologies will once again lead the way in the vehicles and fuels
of the future.

The transportation sector accounts for nearly 30 percent of the
United States’ energy consumption and it is responsible for the
largest share—28 percent—of the country’s greenhouse gas emis-
sions. And that is something we do not talk about much, but needs
to be known. Last Congress, this Committee considered the many
bills that formed the bipartisan American Energy Innovation Act,
which was ultimately largely enacted as the Energy Act of 2020.
While I am so proud of all the things we were able to get done in
the final bill, not everything made it across the finish line, includ-
ing our vehicle’s titles. If we want to reach any climate goal, we
need to look at where the emissions are coming from and seek out
solutions. At 28 percent of our emissions, it is clear that we have
got to get to work on the transportation sector, and it is dis-
appointing that we were not able to move the legislation last year.

So today, we begin attending to important unfinished work be-
cause our Committee has a critical role to play in ensuring that we
have the technologies, the materials, and the domestic manufac-
turing needed to decarbonize our transportation sector. Whether it
is electrolyzers that produce hydrogen from water or the batteries
that power electric vehicles, we have to advance the technologies
needed for the vehicles of the future and their supply chains. The
United States can and should be the leader in clean transportation
with help from research and development at the Department of En-
ergy and the national labs. In addition, the opportunities for manu-
facturing and sustainable transportation technologies are plentiful
and can create good-paying jobs right here at home when we need
them most.

My American Jobs in Energy Manufacturing Act would help fos-
ter that economic growth by reviving the 48C energy manufac-
turing tax credit and carving out $4 billion for exclusive use in coal
communities, driving those jobs into the areas that have seen the
biggest economic impact of the transition to a cleaner energy fu-
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ture. I also firmly believe that we need to decrease our reliance on
foreign supply chains to build these next generation technologies.
While I recognize the value of electric vehicles to help reduce emis-
sions, I remain deeply concerned that just a handful of countries,
some of which have questionable mining practices, are the gate-
keepers for the critical minerals we need to build the batteries used
to power them.

We cannot stick our head in the sand about that. We have
stronger environmental and workforce protection laws domestically
than many of the countries that we rely on for these critical min-
erals. I believe that responsible domestic sourcing of the critical
minerals needed for these cleaner technologies has to be part of
this transition to a clean energy future. I am also concerned that
we are quickly approaching the first cycle of batteries reaching the
end of their usable life in the EV without the ability to recycle
them domestically. So I am working on legislation that would boost
DOEFE’s role in advancing the recycling of the second life applica-
tions for EV batteries.

Ultimately, there is a lot of work yet to be done to reduce emis-
sions in the transportation sector. As the sector of our economy
emitting the most, we have got to get to work—whatever the fuels
and the vehicles of the future will be—to advance the technologies
that are going to be needed and shore up those supply chains.

I would like now for Senator Barrasso to give his opening state-
ment.

OPENING STATEMENT OF HON. JOHN BARRASSO,
U.S. SENATOR FROM WYOMING

Senator BARRASSO. Well, thank you very much, Mr. Chairman.
Thanks for holding today’s critical hearing.

Our transportation sector is critical to our economy, and it moves
people and products reliably and affordably across a huge network
of roads and rails and runways and rivers. The transportation sec-
tor is also a big energy user, consuming 28 percent of our nation’s
total demand. Now, there are a lot of exciting new technologies to
make this sector cleaner and more efficient, and I believe that in-
novation, not regulation, is the best way to improve our country’s
mobility. We need to expand, not limit choices in the transportation
sector. If we have learned anything, it is that the government does
a pretty poor job when it comes to picking winners and losers. So
we should encourage a variety of technologies that reduce costs for
consumers, that lower emissions, and that take advantage of the
vast energy and mineral resources that we have in this country.
Now, it seems to me that President Biden is taking the opposite
approach. I am concerned he wants to regulate the internal com-
bustion engine out of existence and insist that all Americans use
electric vehicles.

Too often, regulation raises costs, punishes people. These are
people that are often those who can least afford it. In December,
the President of Toyota pointed out that regulating the internal
combustion engine out of existence could make automobiles “a flow-
er,” he said, “on a high summit.” In other words, something out of
reach of ordinary people. Well, he’s right. In the United States, a
typical Tesla owner has no children and makes an annual income
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of more than $140,000. Limiting consumer options to just expensive
electric vehicles is bad for consumers and the economy. It is bad
for the environment too, and it will just slow the turnover to a
cleaner, more efficient fleet.

Requiring a shift to electric vehicles will also put America in the
position of importing critical minerals, often from bad actors. We
will need to import minerals like cobalt, lithium, graphite, man-
ganese, and other rare earths. China, for example, controlled about
60 percent of the graphite and rare earths produced in 2020. At the
same time, we must not pursue emission reduction strategies that
contribute to child labor, human rights abuses, and environmental
damage. For example, the Democratic Republic of the Congo pro-
duces about 70 percent of the world’s cobalt supply. According to
the United Nation’s report, about 20 percent of the cobalt it pro-
duces comes from small mines where 40,000 children are at work.

In the lithium production area of Chile, mining consumed 65 per-
cent of the area’s water, causing soil contamination and harming
local communities.

If President Biden and others in Congress are serious about pro-
moting electric vehicles, they should encourage mining here at
home. Expanding American mining would help secure our nation’s
supply chains and ensure minerals are produced responsibly. In-
stead, last month, the Biden Administration withdrew a land ex-
change for the Resolution Copper mine in Arizona, casting doubt
on what would be North America’s largest copper mine.

Electric vehicles are part of the solution. They are not the only
solution. More efficient internal combustion engines and a diverse
set of fuels will have to be a significant part of the solution. That
is especially true for heavy trucks, buses, trains, and vessels. And
in trucking and rail, diesel engines are likely to remain the tech-
nology of choice for decades. We can reduce emissions through the
use of clean diesel and even renewable diesel.

We can also reduce emissions through the use of natural gas.
The United States produces more natural gas than any other coun-
try in the world. We should look for ways to use compressed or lig-
uefied natural gas to power trucks, trains, and vessels. Addition-
ally, we can convert natural gas to hydrogen for use in fuel cells.
Natural gas is a great opportunity to keep costs low for consumers,
to improve air quality, and to use the resources that America is
blessed with.

The people of Wyoming drive greater distances than people in
any other state, by far. We depend on our vehicles in ways people
from other states do not. Our cars and trucks must be reliable and
affordable. When alternative vehicles and fuels can pass the test in
Wyoming, we will know we have hit upon great technologies. Until
then, consumers in Wyoming and across the country need to be
able to drive the cars and trucks they require for them to get to
work and for their families.

Thank you, Mr. Chairman. I look forward to the testimony.

The CHAIRMAN. Thank you, Senator.

It is now my pleasure to introduce our panel to us. We have a
distinguished panel and I think it is going to be quite informative.
I thank each and every one of you.
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We have Ms. Kelly Speakes-Backman, Principal Deputy Assist-
ant Secretary and Acting Assistant Secretary for Energy Efficiency
and Renewable Energy at the Department of Energy.

Mr. Adam—and I hope I don’t destroy the last names here, but
I am going to do the best I can—Muellerweiss, who is the Chief
Sustainability Officer at Clarios, a battery supplier and manufac-
turer.

We have Mr. Janvier Nkurunziza, Officer-in-Charge of the Com-
modities Branch and Chief of the Commodity Research and Anal-
ysis Section of the Division of the International Trade and Com-
modities at the United Nations Conference on Trade and Develop-
ment. And Mr. Nkurunziza, based on your affiliation with the
United Nations, I would also like to note that you are appearing
voluntarily today as a courtesy to this Committee.

Mr. Tony Satterthwaite, Vice Chairman of Cummins Inc.

And Mr. Robert Wimmer, Director of the Energy and Environ-
mental Research Group at Toyota Motor North America.

I want to thank you all. First, I apologize if I did not get the
names, last names, correctly pronounced, but I want to thank you
for being here in person and also virtually. I look forward to the
discussion today.

With that, I am going to turn to our first witness here and pan-
elist, Mrs. Speakes-Backman, for her opening statement.

STATEMENT OF KELLY SPEAKES-BACKMAN, ACTING ASSIST-
ANT SECRETARY, ENERGY EFFICIENCY AND RENEWABLE
ENERGY, U.S. DEPARTMENT OF ENERGY

Ms. SPEAKES-BACKMAN. Chairman Manchin and Ranking Mem-
ber Barrasso, thank you so much for the opportunity to testify on
transportation technologies today. As you mentioned, I'm Kelly
Speakes-Backman. I am the Acting Assistant Secretary for the Of-
fice of Energy Efficiency and Renewable Energy (EERE). As Acting
Assistant Secretary, I oversee a broad portfolio of energy efficiency
and renewable programs. The technologies in my portfolio advance
America’s economic growth and energy security while enhancing
the reliability and the resilience of the U.S. energy system.

Climate change is one of the greatest challenges facing our na-
tion and our planet today. DOE stands ready to work to address
the climate emergency by doing its part to support the U.S. to build
a 100 percent clean energy economy and reach net zero emissions,
no later than 2050. We must also ensure that the benefits from a
clean energy future are equitably shared by all Americans for clean
air and good-paying jobs, from farmers to factory workers, and
from cities to the rural economy. EERE is well-positioned to drive
the research and development, and I will underscore the dem-
onstration and the deployment needed to overcome these chal-
lenges while reducing harmful emissions that disproportionately af-
fect lower income and minority populations. EERE-led demonstra-
tions and deployments can also show how we can integrate new
technologies to expand access to transportation for underserved
communities.

Transportation has become the largest source of greenhouse gas
emissions in the U.S., surpassing the power sector in 2017. Trans-
portation is central to our economy. It supports millions of U.S.
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jobs and is part of everyday life for all Americans. We are com-
mitted to developing the technologies needed to decarbonize the
transportation sector and to do so in a way that is affordable, ex-
pands mobility options for underserved communities, keeps us glob-
ally competitive and our nation secure, and creates good-paying,
middle class, American jobs.

Our sustainable transportation strategy to decarbonize the sector
includes all modes. That is air, sea, rail, and road. It encompasses
activities in the fuel streams of electricity, electrification, hydrogen
and fuel cells, and biofuels. We must deploy technologies in all of
these resources to be successful in our efforts. For this reason,
today I will focus on work underway with the electric vehicles,
biofuels, and hydrogen offices. These are not stand-alone topics and
they bring up important conversations, I should add, about critical
material supply chains and grid integration.

Electrification is one of the most effective ways that we can com-
bat climate change. Our success with electric vehicles is largely de-
pendent upon advancements in battery technologies. Our Vehicle
Technologies Office R&D investments throughout the past decade
have yielded breakthroughs in battery cost and performance, reduc-
ing lithium-ion EV battery costs by about 85 percent, from $1,000
a kilowatt-hour in 2008 to only $144 a kilowatt-hour in 2020; and
driving down weight and enhancing manufacturability as well.
DOE’s goal is to lower the battery pack cost to below $80 per kilo-
watt-hour, and cell cost to $60 per kilowatt-hour, allowing EVs to
reach cost competitiveness with future internal combustion engine
vehicles. It’s important that EVs are not just a luxury, but the
most affordable and accessible choice for all Americans.

Biofuels are also a crucial part of the nation’s energy system, and
we see growing opportunities for biomass in the low-carbon trans-
portation system, especially for aviation. In 2019, the U.S. pro-
duced over 19 billion gallons of biofuels and supported over 106,000
domestic jobs. The vast majority of these biofuels are ethanol and
biodiesel, which are blended into petroleum gasoline and petroleum
diesel fuel, respectively. The domestic biofuels industry faced sig-
nificant challenges this past year due to reduced demand for trans-
portation fuels as a result of the global pandemic. There are impor-
tant opportunities to recover from this setback and expand the role
of biomass for our rural farm economies. Supporting these commu-
nities and expanding job opportunities from biorefineries of the fu-
ture is an important part of the President’s plan.

Hydrogen 1s also a key part of our transportation strategy, as a
versatile fuel that can play an important role to decarbonize key
industrial sectors, provide new energy storage options, and support
the move to 100 percent clean energy electricity production. Real-
izing the potential for hydrogen is going to require continued re-
search and development as well as accelerated demonstrations and
deployments with the private sector to achieve scale. That’s the
basis of our “H2@Scale” efforts to reduce hydrogen production costs
to benefit all end-users, including industrial and transportation ap-
plications.

Thank you for this opportunity to appear before you today. I look
forward to working with you to address the climate crisis and pro-
viding American families and businesses with a wider range of en-
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ergy and mobility options that offer more affordability, more reli-
ability, and more security of our nation’s energy.

I look forward to your questions.

[The prepared statement of Ms. Speakes-Backman follows:]
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The CHAIRMAN. Thank you, Ms. Speakes-Backman.
And now we will have Mr. Muellerweiss for his opening state-
ment.

STATEMENT OF E. ADAM MUELLERWEISS, PRESIDENT, RE-
SPONSIBLE BATTERY COALITION, AND CHIEF SUSTAIN-
ABILITY OFFICER, CLARIOS

Mr. MUELLERWEISS. Chairman Manchin, Ranking Member Bar-
rasso, and distinguished members of the Committee, thank you for
the invitation to testify today. I am Edmund Adam Muellerweiss,
President of the Responsible Battery Coalition and Chief Sustain-
ability Officer for Clarios.

As part of our nation’s critical infrastructure, my company,
Clarios, is the world’s largest producer of low-voltage batteries es-
sential for vehicles to start, perform efficiently, and keep people
safe. Every vehicle requires the types of batteries we make, no
matter if they are internal combustion, hybrid, or fully electric.
Clarios is a member of the Responsible Battery Coalition, a leading
group of companies, academics, and organizations dedicated to the
responsible management of the batteries of today and tomorrow.

There are three key points I will highlight today: Number one,
modern life requires batteries, and the U.S. needs more of them.
But there is no single technology that can satisfy these demands.
Number two, to meet this need, we will need to take into account
every stage of a battery’s life, especially end of life and recycling.
Number three, this creates opportunities for domestic job creation,
material efficiency, and system-wide carbon reductions.

Meeting increasing demand for transportation and stationary
storage batteries is especially critical. The combined demand for
transportation and stationary batteries is expected to increase four-
fold by 2030. Projections suggest that by 2040, as many as two bil-
lion vehicles will be on the road globally, including both internal
combustion and electric vehicles, with each requiring batteries. The
batteries used in electric vehicles may look different than sta-
tionary storage, or bear little resemblance to the ones NASA used
in the rover now on Mars, yet all of these batteries have one thing
in common—they are a contained chemical reaction. Each battery
chemistry has different characteristics and tradeoffs suitable for
some applications and not others. Some use abundant, readily
available, and recyclable materials, and others use rare materials
with limited supply. That’s why every aspect of a battery’s life,
from mining and manufacturing to end of life and recycling, must
be considered as we work to protect supply chains, decrease green-
house gas emissions, and reduce risk to human health and the en-
vironment.

At Clarios, we do this every day. We make new batteries from
the used batteries we collect and recycle. Our supply chain does not
start around the world, but around the corner at your local car
dealer, repair shop, or auto parts store, when a used lead-acid bat-
tery is exchanged for a new one. We design to maximize
recyclability. For example, up to 99 percent of a used lead-acid bat-
tery from the plastic case to the active materials can be recycled
to make new ones. This results in 90 percent lower greenhouse gas
emissions. Because of this approach, the U.S. has nearly a 100 per-
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cent recycling rate ensuring reliable and secure domestic supplies
to manufacturing new lead-acid batteries. Developing recycling for
next generation batteries is equally critical, especially those that
use materials that are in limited supply or come from unstable re-
gions.

Over the next 20 years, more than two million metric tons of
used lithium-based batteries from electric vehicles will reach end of
life in the U.S. alone. These batteries must be considered a critical
resource, not a waste. Together, the Responsible Battery Coalition
and Argonne National Lab are modeling to help design batteries
for maximum recyclability before they go into production. Through
the DOE’s lithium-ion recycling prize, Clarios is applying our dec-
ades of experience in battery recycling to the challenge of recycling
lithium batteries at scale. The ultimate goal is to capture 90 per-
cent of discarded lithium-based batteries in the U.S. to recover key
materials and reintroduce them into the supply chain to make new
batteries. Establishing these critical supply chains will require U.S.
jobs for recovery, processing, and recycling that are by definition
local jobs.

In closing, a life-cycle approach, from mining and manufacturing
to end of life and recycling, is critical to protect supply chain, re-
duce emissions, and create new jobs. Responsible recycling is essen-
tial to complement the Administration’s effort to ensure the supply
of critical battery materials for the United States.

Thank you again for this opportunity. I look forward to answer-
ing your questions.

[The prepared statement of Mr. Muellerweiss follows:]
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The CHAIRMAN. Thank you, sir.
And now we have Mr. Nkurunziza for his opening statement.

STATEMENT OF JANVIER DESIRE NKURUNZIZA, OFFICER-IN-
CHARGE, COMMODITIES BRANCH, AND CHIEF, COMMODITY
RESEARCH AND ANALYSIS SECTION, DIVISION ON INTER-
NATIONAL TRADE AND COMMODITIES, UNITED NATIONS
CONFERENCE ON TRADE AND DEVELOPMENT

Mr. NKURUNZIZA. Mr. Chairman and Ranking Member Barrasso,
it is an honor to be with you. I thank you for reminding everyone
that we are here on a voluntary basis. This should not be under-
stood to be a waiver, express or implied, of the privileges and im-
munities of the United Nations and its officials under the 1946
Convention on the Privileges and Immunities of the United Na-
tions. I am speaking in my personal capacity, and the opinions ex-
pressed here are my own.

My intervention is structured around three points. The first point
is to look at U.S. activity in the lithium and cobalt value chains.
The key ingredient in the current innovative mobility paradigm is
the electric rechargeable battery, particularly the lithium-ion bat-
tery. Two key natural resources are central to the production of
these batteries. These are lithium and cobalt. Known reserves of
these resources are in a few countries. Fifty-eight percent of lith-
ium reserves are in Chile and 50 percent of cobalt reserves are in
the Democratic Republic of Congo. Currently, production of cobalt
and lithium from within United States is relatively limited, but
things could change. There are opportunities found on the commod-
ities value chains beyond extraction that could be taken advantage
of and this takes me to the second point.

What are these opportunities? I think the first is exploration.
Some regions, particularly in Africa, are way underexplored. So
there must be more deposits of these strategic resources in every
region of the world. Extraction: There are technologies that are in-
efficient, opening the door for firms with better technologies. Lith-
ium extraction in Chile, for example, is inefficiently extracted. De-
posits in Bolivia are stranded due to technological issues. So new,
more efficient technologies are being introduced and these will
bring to bear a number of otherwise stranded assets. The other as-
pect is recycling and disposal. This area is underdeveloped and we
think there are opportunities there.

The United States has two advantages, its R&D capabilities and
its financial industry. Developing countries, where these resources
are located, just lack these two resources. They lack the technology.
They lack the financial resources. So the U.S. can leverage these
two advantages to be able to access these resources. These coun-
tries also need a new business model. They need a win-win joint
venture model based on an impact investing model, as opposed to
the traditional predatory model, especially in the mining sector. In
this model, investment i1s judged not only by rate of return but also
its impact where it takes place, especially its impact on the envi-
ronment. U.S firms can champion this emerging trend, even in
these developing countries, not just within the U.S. U.S. firms can
also procure the raw materials and develop a value chain in the
U.S. This is what other countries have been doing up to now. After
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all, the countries dominating lithium and cobalt value chains are
not the major producers.

The third point is fostering frictionless international trade. Inter-
national trade allows developing countries to transform their nat-
ural resources into physical, human, and financial capital that they
need for their development. Trade also allows importers like the
United States to access the raw materials. So it is thanks to inter-
national trade that, except for Chile, no major producer-country is
an exporter of lithium and cobalt-based products. China and Bel-
gium account for 87 percent of total cobalt oxide and hydroxide ex-
ports despite the fact they are not major producers of cobalt. The
United States is the second largest exporter of lithium oxide and
hydroxide, 13 percent, behind China, 50 percent, and before Chile,
12 percent. Thanks to its R&D and financial industry and relying
on a small international trading system, the U.S. can develop a
home-grown industry, feeding a greener and innovative transpor-
tation system.

Thank you for the opportunity and I look forward to your ques-
tions.

[The prepared statement of Mr. Nkurunziza follows:]
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The CHAIRMAN. Thank you, sir.
And now we have Mr. Satterthwaite.

STATEMENT OF TONY SATTERTHWAITE,
VICE CHAIRMAN, CUMMINS INC.

Mr. SATTERTHWAITE. Chairman Manchin, Ranking Member Bar-
rasso, thank you for inviting me to participate in today’s hearing.
My name is Tony Satterthwaite and I am Vice Chairman of
Cummins. Since our founding, more than 100 years ago in Colum-
bus, Indiana, technological innovation has been at the core of what
we do. Increasingly, customers require not just dependable power
at a fair price, but power that results in fewer greenhouse gases
and fewer criteria pollutants that contribute to climate change and
poor air quality. Cummins embraces environmental standards and
uses our innovation to grow our business, create American jobs,
and improve communities, taking a leadership role in our industry
with our positions on emissions and sustainability. Today, I will
discuss three things: our path to zero emissions, the importance of
government support for innovation in infrastructure, and the tech-
nologies where innovation is crucial.

Our customers need the right vehicles and equipment to do their
work today and in the future. The solutions must be reliable, effi-
cient, operationally flexible, and sustainable to meet evolving de-
mands. They also need these solutions to be affordable so they can
do the work that helps power the economy, make their payroll, and
continue to create jobs. Cummins has embarked on a strategy for
reducing the greenhouse gas impact of our products. Our path to
zero emissions will get us the biggest reduction in emissions in the
fastest way for the lowest cost. Innovation is key to the path and
the path is almost as important as the destination.

We must capture all the benefits we can from all technologies,
including internal combustion, natural gas and alternate fuels, hy-
brid, range-extended electric vehicle, battery electric vehicle, and
hydrogen fuel cell, as we work toward the goal of zero emissions.
Switching to renewable diesel and other low-carbon fuels can fur-
ther build upon these benefits and provide real carbon reductions.
Innovation in internal combustion engines with mild hybridization
and low-carbon fuels can reduce emissions to improve air quality
today. Natural gas engines also offer performance and reliability
while delivering near-zero emissions. And as these technologies im-
prove, range-extended electric vehicles can make further improve-
ment in well-to-wheels CO, emissions while offering customers
flexibility and resilience. For zero-tailpipe emissions, battery-elec-
tric and hydrogen fuel cell powered vehicles will work in tandem,
with batteries well-suited for light-duty, last-mile delivery and
urban applications, and hydrogen fuel cells as a power-dense option
for applications such as long-haul trucking, rail, mining, and ma-
rine.

The path to zero emissions for commercial vehicles should also
promote innovation for infrastructure through robust funding for
research, development, demonstration, and deployment of decar-
bonized hydrogen production and distribution; development and
distribution of low and net zero carbon fuels to maximize the use
of existing infrastructure; and decarbonizing the grid and creating
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a fast-charging network for trucks. If U.S. transportation is to get
to zero emissions in a way that is cost-effective, timely, and pro-
motes U.S. jobs and manufacturing, significant support is needed
from DOE, national labs, and other research institutions to inno-
vate an infrastructure development and deployment. Continued in-
novation in internal combustion including natural gas and other al-
ternate fuels, hybridization, batteries, fuel cells, and hydrogen
technology are critical for the U.S. to meet our climate, air quality,
and jobs goals. Hydrogen technologies are particularly right for
government and industry investment in innovation. It is one of the
most effective enabling technologies for broad and deep
decarbonization of hard-to-abate sectors like rail. The DOE has
many programs in this space and the programs we have partici-
pated in have had a real impact on reducing criteria pollutants and
greenhouse gases in the U.S.

I would like to close by saying that Cummins is leading the way
by investing and innovating in a broad portfolio of power so our
customers can have the right solution to get their jobs done today
and tomorrow. Government-supported innovation is needed to meet
our global energy and environmental challenges and to maintain
American competitiveness and jobs. Enacting policies that ensure
that this country and every community in it has the proven tech-
nology necessary to serve the economy while meeting air quality
and climate goals on the path to net zero emissions is critical.

Thank you for this opportunity to share this with you today. I
look forward to your questions.

[The prepared statement of Mr. Satterthwaite follows:]
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Tony Satterthwaite
Vice Chairman

Cummins Inc.

Chairman Manchin, Ranking Member Barrasso, thank you for inviting me here today and for
your interest in transportation technology innovation. My name is Tony Satterthwaite, and 1am
Vice Chairman of Cummins Inc. Since our founding more than 100 years ago, technological
innovation has been atthe core of what we do. I believe that innovating to sustain a vibrant
economy while preserving the planet for generations to come is the challenge of our time.
Increasingly, customers are demanding not just dependable power at a fair price, but power that
emits fewer greenhouse gases and fewer criteria pollutants that contribute to climate change and
adversely impact air quality. My role at Cummins is to guide our business to help us meet this
growing demand. The challenges before us require investment and collaboration among public
and private entities to ensure the solutions are developed and implemented quickly, effectively
and affordably. Today, I'd like to tell you how we got here, and how we’re innovating to power a
more prosperous world including putting forth our own plan for a path to a zero emissions future.

Cummins Inc.

Cummins Inc. was founded and is headquartered in Columbus, Indiana. We are 102 years old
and have grown from a small diesel engine company to the largest independent producer of
power solutions in the world, with alegacy of constant technological innovation.

Cummins advanced diesel and natural gas engines, hybrid, range extended electric vehicles
(REEV), battery electric and hydrogen fuel cell platforms are in a wide range of applications
including small pickup trucks, delivery trucks and tractor-trailers that move goods across the
country, as well as transit and school buses. You will also find our products in refuse trucks,
mining equipment, oil-and gas operations, passenger trains and tugboats. We produce power
generation equipment in a wide range of applications from mobile power systems that support
our military to critical backup power systems that keep data centers and hospitals up and running
24 hours a day, seven days a week. Our products are critical to keeping the nation’s supplies
moving and hospitals running. National landmarks that many Americans see every day, like
Wrigley Field and the Statue of Liberty, also rely on Cummins for their backup power needs. We
also manufacture electrolyzers that produce hydrogen, including at the largest green hydrogen
facility in the country in Douglas County, WA.

Globally, we have nearly 60,000 employees and operate in over 190 countries throughout the
world. In the United States, we employ over 20,000 people and have manufacturing facilities in
Indiana, Minnesota, New York, North Carolina, South Carolina, Tennessee, Wisconsin,
California and Oregon. In addition to our manufacturing operations in the United States, we also
own all our distributor branches with over 11,000 employees and locations in almost every state.

The technological innovations of our product line and greening of the grid are enabling our
products to be an integral part of addressing climate change. Because we serve many markets
and applications that are critical to a functioning global economy, we have a keen understanding
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of the power they need to get the job done. These relationships with our customers are one of the
reasons we believe our path to zero emissions is so credible.

Cummins has long acknowledged that our company is only as strong as the health of our
communities. Cummins embraces tough environmental standards and uses our technological
expertise and innovation to grow our business, create American jobs and improve communities,
taking a leadership role in our industry for our positions on emissions and sustainability.

Cummins always has championed innovation. In 2019, for example, Cummins’ technical staff
received more than 250 global patents for a fourth straight year. These patents represent our
commitment to continual innovation and coliaboration with stakeholders in government,
academia and industry. They also allow us to export our groundbreaking technology globally,
increasing U.S. competitiveness, technical leadership and American jobs.

Powering our customers today and in the future

The future of power requires multi-faceted innovation. Our customers need the right vehicles and
equipment to do their work today and in the future. The integrated power solutions must be
reliable, efficient, flexible and sustainable to meet the evolving demands for powering our
communities and the infrastructure and equipment that shape our world. They also must comply
with stringent emission regulations; help address climate change and be part of the solution for
the energy and environmental challenges facing the planet. And just as importantly, they need
these solutions to be affordable, so our customers in trucking, construction, delivery, rail and
inland waterway transportation, can do the work that helps power the economy, make their
payroll and continue to createjobs in our communities.

To deliver on our promise of powering a more prosperous world, both economic growth and
environmental sustainability must be achieved. Our strategy for reducing the greenhouse gas
impact of our products is to continue an intense focus on research and development to provide
substitute technologies in applications where they work well, and to reduce greenhouse gases by
improving the fuel efficiency of products and fuels in applications without substitute
technologies. Switching to renewable diese!l and other low carbon fuels can further build upon
those benefits.

We commend the Committee’s commitment to facilitate the energy transition of the U.S.
economy through innovation and engaging our feedback as a stakeholder. Cummins has
committed, through our PLANET 2050 initiative, to emitting net-zero carbon in all our facilities,
operations and products in use globally by 2050. Doing our part to address climate change and
air emissions is part of our company’s mission

The path to zero emissions

To achieve this ambitious goal, Cummins supports an innovation-focused path to zero emissions
for commercial vehicles. These include innovations in high efficiency internal combustion
engine (ICE) technologies, utilizing low carbon fuels, hybridization, REEV, and ultimately
hydrogen fuel cell (FCEV) and battery electric vehicles (BEV) with zero tank-to-wheel
emissions. Complementary measures to decarbonize the grid and build out charging and fueling
infrastructure are also critical to this path.
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In the next 10 years, innovation in high efficiency ICE with mild hybridization and low carbon
fuels can immediately reduce both COz and criteria emissions to improve air quality for
disproportionately impacted communities today. Natural gas engines offer performance and
reliability while offering near-zero emissions. Our natural gas spark-ignited combustion engines
provide emissions lower than current EPA standards — 90% below on particulate matter and
nitrogen oxides and 16% below on GHGs. They canachieve sub-zero emissions when using
renewable natural gas (RNG). Natural gas engines are also the most mature, proven, and feast
disruptive alternative power technology available today.

Natural gas engines fit current transportation, people and goods movement models; are powered
with abundant, low-priced domestic fuel; don’t require radical changes in vehicle technology,
transportation or support infrastructure; contribute to energy independence initiatives and deliver
a reduction in carbon intensity. Continued innovation in spark-ignited natural gas engines can
further improve on these benefits. As these technologies improve and renewable electricity and
alternative fuel infrastructure come online at scale, REEVs can make a dramatic improvement in
well-to-wheels carbon intensity while offering customers flexibility and resilience to improve on
these benefits. Further research on ICE range extended solutions cantake full advantage of low
carbon fuels and significantly leverage the available infrastructure that supports the market
today.

Advanced internal combustion with low carbon fuels, hybrids and REEVs can and should be
deployed in the interim to significantly reduce emissions. For zero- tailpipe emissions, battery-
electric and hydrogen fuel cell powered vehicles will work in tandem, with batteries well-suited
for light-duty, last-mile delivery and urban applications, and hydrogen fuel ceils as a power-
dense option for applications like long-haul trucking, rail and mining. We should also consider
the impact of upgrading large installed fleets of old technologies to current state of the art power
options. The fast upgrade of America’s extensive freight locomotive, fracking and drilling
equipment to the latest technology can make a significant impact to reduce emissions today.

Robust funding for innovation

The path to zero emissions for commercial vehicles should promote innovation for infrastructure
through robust funding for research, development, demonstration and deployment of
decarbonized hydrogen production and distribution; development and distribution low and net
zero carbon liquid and gaseous fuels to maximize the utilization of existing fuel infrastructure;
and deployment of a decarbonized electrical grid and implementation of fast charging networks.
This is critical to success on our path to zero emissions. If the U.S. is to achieve this path to zero
in a way that is cost effective, timely and promotes U.S. jobs and manufacturing, significant
public support is needed from DOE, our national labs and other research institutions to innovate
in infrastructure, development and deployment.

We were encouraged by the Department of Energy’s (DOE) recent Notice of Intent
announcement on a variety of research, development, demonstration and deployment (RDD&D)
programs focused on trucks, and the scope of the RDD&D will not be exclusive to one fuel
source or vehicle type. By improving energy efficiency and reducing emissions across the entire
transportation sector, DOE can help ensure that the benefits of this work are equitably distributed
to all Americans.



108

Hydrogen should be an important area of investment

Hydrogen technologies are also ripe for government and industry investment in innovation.
Cummins has invested significantly in the entire hydrogen value chain because it has shown to
be one of the most effective enabling technologies for broad and deep decarbonization of hard-
to-abate sectors where Cummins’ products operate. Europe and East Asia have an early lead in
this space, having committed hundreds of billions of dollars respectively to promote
decarbonized hydrogen production and fuel cell equipment deployment. The recently published
U.S. Hydrogen Roadmap provides a robust analysis of areas of needed investment for the U.S. to
be atechnology leader. Congress can increase the U.S.” international competitiveness by calling
fora U.S. national hydrogen strategy to coordinate needed innovation, investment and activities
throughout the government and private sector.

Initial pilot programs to achieve scale and bring down cost for hydrogen and fuel cells should be
launched by DOE in regions like the Guif Coast with low-cost hydrogen already deployed for
refining purposes, or in closed ecosystems with pressing air quality concerns like the Port of LA.
These are also locations where road, rail and marine transportation intersect - offering a great
chance to advance hydrogen adoption into multiple complementary applications with a single
fuel infrastructure. By developing these regional hydrogen hubs, the U.S. can demonstrate the
capability and leverage scale to achieve a cost parity with traditional technologies. Further public
investment is also needed in the areas of larger scale electrolyzer plants for decarbonized
hydrogen production, and hydrogen fuel cell fleet management. Research is needed in reduction
of precious metals and expensive materials in electrolyzer stacks and fuel cell systems for heavy
duty trucks. All of this should be supplemented with purchase incentives and work force
development for a robust domestic energy, manufacturing and job market. The U.S. should also
support the innovation in the domestic membrane manufacturers who supply an integral part of
the Proton Exchange Membrane (PEM) technology for both the electrolyzers which produce the
hydrogen from electricity and the fuel cells which convert the hydrogen to power for vehicles, in
the same way the government is promoting domestic battery cell manufacturing.

Hydrogen fuel cells are also recognized as one of the innovative solutions necessary for rail,
generating enough energy to power passenger trains. Rather than using the overhead wiring,
hydrogen fuel cell technology is an alternative approach to electrifying passenger trains using
existing rail infrastructure. In this case, hydrogen fuel cell power modules on the top of the train
car are at the heart of the system and provide enough energy by combining hydrogen and
oxygen. The fuel cells work by extracting oxygen from the ambient air, while the storage tanks
supply the hydrogen demand. The fuel cells and the hydrogen tanks are mounted on the roof of
the train. When in motion, the fuel cell powered passenger train emits only water vapor, which is
the only by-product of the hydrogen and oxygen reaction in the fuel cell, a truly clean energy
conversion. Today, Cummins is the largest provider of hydrogen fuel cells for passenger trains in
the world, with trains already in operation in Europe.

Research, development and demonstration programs from the Department of Energy are needed
to optimize cost and performance for all the technologies listed. Investment in this space will
ensure continued American leadership in technologies and exports needed for decarbonization.

Investing in these technologies will promote U.S. economic competitiveness by strengthening
domestic manufacturing and technical capability.
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Opverall, with the right investment in innovation, the U.S. will continue to lead the way globally
in technology, jobs, domestic manufacturing and energy supply. Hydrogen and fuel cells are a
critical piece of the puzzle in the hard-to-abate sectors.

An exemplar of public-private partnership: SuperTruck

Strategic public-private research partnerships with industry like SuperTruck, led by the
Department of Energy (DOE), leverage technical expertise and prevent duplication of efforts.
They also ensure public funding remains focused on the most critical barriers to technology
commercialization and accelerate progress.

SuperTruck promotes the research, development, and demonstration of a suite of technologies,
improving the freight hauling efficiency of heavy-duty Class 8 long-haul vehicles and the
demonstration of applicability of these technologies to heavy-duty regional-haul vehicles as well
—with an emphasis on cost-competitiveness.

The commercialization of the technologies developed under the SuperTruck Iinitiative will save
7.9 million gallons of diesel fuel per day with the associated economic, energy security, and
greenhouse gas emissions benefits. The project initially reduced CO2 emissions by 33% from the
2009 baseline. SuperTruck II was recently able to demonstrate a further 50% reduction in CO2
emissions, doubling the efficiency from the 2009 baseline and included additional performance
and cost effectiveness requirements to foster a more rapid market adoption of new energy
efficient technologies.

A new SuperTruck III program will build upon these improvements with the focus on CO2
reducing technologies such as efficiency improvements, low carbon fuels, hybridization, battery
electrification and fuel cell optimization for entire fleets. Examining the full commercial vehicle
ecosystem and efficiencies will make a substantive reduction in the energy it takes to deliver the
nation’s goods.

Conclusion

The heavy-duty and non-road vehicle industry is undergoing significant change, and Cummins is
leading the way by investing and innovating in a broad portfolio of power including advanced
diesel, natural gas, hybridization, electrified power, fuel cell technology and alternative fuels —
soour customers can have the right solution to get the job done. However, industry working
alone will not get us where we need to bein atime frame that is feasible. Government supported
innovation is needed to meet our global energy and environmental challenges.

Enacting policies that promote the power of choice for every market will help ensure that this
country and every community within it has the proven technology necessary to serve the
economy while meeting air quality and climate goals on the path to net-zero emissions. We
appreciate the opportunity to have a further dialogue on the most important technologies for
innovation toimprove the U.S. competitiveness and create high quality jobs.
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The CHAIRMAN. Thank you, sir.
And finally, we have Mr. Wimmer.
Mr. Wimmer, for your opening statement, please.

STATEMENT OF ROBERT WIMMER, DIRECTOR, ENERGY AND
ENVIRONMENTAL RESEARCH, TOYOTA MOTOR NORTH
AMERICA, INC.

Mr. WiMMER. Chairman Manchin, Ranking Member Barrasso,
and members of the Committee, thank you for this opportunity.

Toyota has been investing in America and employing Americans
for over 60 years. Today, we have ten plants in the U.S., nearly
1,500 dealerships, and 180,000 people working across the country.
In West Virginia, approximately 2,000 team members built some of
Toyota’s most efficient engines, transmissions, and hybrid drive
trains. This year marks the plant’s 25th anniversary, and we have
recently signed a 15-year agreement to purchase West Virginia
wind power.

Every auto company is committed to developing electric vehicle
technology. Many have made aspirational statements about when
they will phase out internal combustion engines, but we also have
to acknowledge the current reality. Last year, less than two percent
of the vehicles sold in the U.S. were battery electric. If we are to
make dramatic progress in electrification, it will require over-
coming tremendous challenges, including refueling infrastructure,
battery availability, consumer acceptance and affordability, and re-
liability of the electric grid. Too often, electrification has been de-
fined as exclusively battery electric vehicles, or BEVs for short.
BEVs are an important part of the answer, but not the only an-
swer. Hybrids are also electrified, as are plug-in hybrids and hydro-
genbfuel cell electric vehicles. All these alternatives will help lower
carbon.

The narrow focus on BEVs as the only solution is likely because
they burn no gasoline. It is true that if you compare an average
hybrid, plug-in hybrid, BEV, and fuel cell electric, you'll find that
BEVs and fuel cells emit less, followed by plug-in hybrids and hy-
brids. While true in many cases, it’s not true across the board. Re-
cent data shows that plug-in hybrids can achieve nearly the same
or better GHG reductions than BEVs, depending on your daily
driving patterns, carbon in the electric grid, the carbon resulting
from battery production, and other factors. Don’t misunderstand
me, we're not saying plug-in hybrids are better. We're saying max-
imum GHG reductions can be achieved with consumers having
more access to technology, not less.

Electrification isn’t new for Toyota. We introduced a fully electric
RAV4 in the U.S. in 1997 and a second generation in 2012. Since
the Prius launch in 1997, we sold 17 million hybrids globally and
over four million in the U.S. We currently sell 16 hybrid models,
including two plug-in hybrids in the U.S. and we recently an-
nounced a third plug-in hybrid and two new battery electric vehi-
cles coming next year. We're also a leader in fuel cell electric vehi-
cles, which offer the longer driving range and quick refueling con-
sumers have come to expect from gasoline vehicles. We have sold
over 6,500 Mirai fuel cell electric vehicles in the U.S. and over
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10,000 globally. We are also commercializing fuel cells in buses,
trucks, and power generation.

Our 25 years of electrified vehicle history has taught us two im-
portant lessons. First, consumer needs vary greatly. Some live in
urban areas with short commutes and some need room for families
and some live where weather or terrain mandate four-wheel drive.
Some need towing capability and some have garages where they
can charge their vehicle while others don’t. This diversity in re-
quirements is exactly why OEMs offer a wide range of vehicle
types, styles and power trains. It’s also precisely why multiple elec-
trification pathways are needed to reduce carbon emissions. If we
tie our horse to a single approach, many consumers will simply opt
for an internal combustion vehicle.

Second, transitioning to new technology takes time. Selling those
four million hybrids in the U.S. took us 20 years. Significant BEV
penetration may pose an even greater challenge given the cost of
batteries, the need for national infrastructure, long recharging
times, limited driving range and the need for consumer behavioral
change. Without a doubt, technology-inclusive policies will provide
more Americans with electrified options and will likely achieve
greater GHG benefits as a result. The most effective, near-term
policy is consumer purchase incentives. These should be structured
to promote all electrified vehicles, allow consumer choice, and pro-
vide greater opportunity for GHG reductions than a single pathway
can provide. And these incentives can’t sunset too quickly or they
won’t provide the investment certainty manufacturers need. Simi-
larly, robust incentives for infrastructure and fuel production are
needed. The former will speed deployment of electric chargers and
hydrogen stations and increase consumer willingness to purchase.
The latter will reduce fuel costs and accelerate the use of low-car-
bon feedstocks.

Our collective destination is a carbon-free transportation system
and I believe we can get there. But our experience tells us it won’t
happen overnight, and it won’t be a single technology. We believe
that this country, and the world, is moving inevitably to electrified
transportation, but we need to overcome many obstacles along the
way and remain supportive of all electrification technologies.

Thank you for your time today.

[The prepared statement of Mr. Wimmer follows:]
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Robert Wimmer, Director
Energy & Environmental Research
Toyota Motor North America, Inc.

Senate Committee on Energy and Natural Resources
“Driving Innovation in the Transportation Sector Forward”
Tuesday, March 16, 2021

Chairman Manchin, Ranking Member Barrasso and members of the committee, thank you
for inviting me here today.

Toyota has been investing in America and employing Americans for more than 60 years.
Today, we have 10 manufacturing facilities in the US, nearly 1,500 Toyota and Lexus
dealerships, and 180,000 people working across the country.

In West Virginia, approximately 2,000 team members build some of Toyota’s most
efficient engines, transmissions and hybrid drivetrains. This year we will commemorate
the plant’s 25™ anniversary. And as part of our on-going commitment to reduce CO2
emissions, Toyota has signed a 15-year agreement to purchase West Virginia wind power
- roughly equivalent to all the electricity we use in the state.

Every auto company is committed to developing electric vehicle technology. Many have
made aspirational statements about when they will phase out the internal combustion
engine. But we also have to acknowledge the current reality. Last year, less than 2% of
the vehicles sold in America were battery electric. If we are to make dramatic progressin
electrification, it will require overcoming tremendous challenges, including refueling
infrastructure, battery availability, consumer acceptance and affordability, and the
reliability of the electric grid.

Too often, electrification has been defined as exclusively battery electric vehicles — or
BEVs for short. We agree that BEVs are an important part of the answer — but they’re not
the only answer. Hybrid vehicles are also electrified, as are plug-in hybrids and hydrogen
fuel cell electric vehicles. All these alternatives will help in the pursuit of lower carbon.

The narrow focus on BEVs as the only solution stems from the view that they must be the
most carbon friendly since they burn no gasoline. It’s true that if you compare an agverage
hybrid, plug-in hybrid, BEV and fuel cell electric, you'll generally find that BEVs and fuel
cells are the lowest emitting, followed by plug-in hybrids and hybrids. While true in many
cases, it’s not true across the board.

In fact, recent data shows that plug-in hybrids can achieve nearly the same or better GHG
reductions than BEVs depending on your daily driving patterns, the carbon in the electric
grid, the carbon resulting from battery production, and other factors.
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Don’t misunderstand - we’re not saying plug-in hybrids are preferred over BEVs — we’re
saying maximum GHG reductions can be achieved with consumers having more access to
technology — not less.

Toyota has been in the electrified vehicle business for a long time. We introduced a fully
electric RAV4 in the US in 1997 and a second-generation version in 2012. And starting
with the Prius launch in 1997, we’ve sold 17 million hybrids globally and over 4 million in
the US — more than the rest of the industry combined. We currently sell 16 hybrid models
including two plug-in hybrid models in the US. And we recently announced a third plug-in
hybrid and two new BEVs coming next year.

We're also a leader in fuel cell electric vehicles, which offer the long driving range and
quick refueling consumers have come to expect from their gasoline vehicles. We’ve sold
over 6,500 Mirai fuel cell electric vehicles in the US and over 10,000 globally. And we're
commercializing fuel cell powertrains in transit buses, trucks, industrial equipment and
stationary power generation.

Our 25-years of electrified vehicle history has taught us two important lessons.

First, consumer needs vary greatly. What works for one doesn’t work for all. Some live in
urban areas with short commutes, some need room for families, some live in areas where
weather or terrain mandate 4WD, some need towing capability, and some have garages
where they can charge their vehicles while many others do not.

This diversity in requirements is exactly why OEMs offer a wide variety of vehicle types,
styles and powertrains. it's also precisely why multiple electrification pathways are
needed to reduce carbon emissions. If we tie our horse to a single approach, many
consumers will simply opt for an internal combustion vehicle.

Second, transitioning to new technology takes time. We’re proud of having soid more
than 4 million hybrids in the US, but it took us 20 years to get there. Achieving significant
BEV penetration may pose an even greater challenge given the cost of batteries, the need
for national infrastructure, long recharging times, limited driving range and the need for
consumer behavioral change.

Without doubt, technology-inclusive policies will provide more Americans with more
electrified options and will likely achieve greater GHG benefits as a result.

The policy with the greatest immediate impact on sales is consumer purchase incentives.
These incentives should be structured to promote all electrified vehicles, allow consumer
choice, and provide greater opportunity for GHG reductions than a single pathway can
provide. And these incentives can’t sunset too quickly or they won’t provide investment
certainty manufactures need.

Similarly, robust incentives for infrastructure development and fuel production are
needed. The former will speed deployment of electric chargers and hydrogen stations
and increase consumer willingness to purchase. The latter will reduce fuel costs and
accelerate the use of low-carbon feedstocks.
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Senators, our collective destination is a carbon free transportation system and | believe
we can get there. But our experience tells us it won’t happen overnight, and it won’t be
a single technology. We believe that this country, and the world, is moving inexorably to
electrified transportation. But we need to overcome many obstacles along the way and
remain supportive of all the many electric technologies on the road to that future.

Thank you for your time today and | will be happy to answer any questions you may have.
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The CHAIRMAN. Thank you, Mr. Wimmer.

We are going to start our questions and my first question will be
to Ms. Speakes-Backman and Mr. Muellerweiss.

With the growing adoption of electric vehicles, I see the lack of
domestic EV battery recycling as problematic. With that being said,
sourcing and manufacturing are also problematic. We’re moving to-
ward a carbonless EV, if you will, and I want to make sure the cart
is not in front of the horse—the cart is not in front of the horse
and the horse cannot push very well. So what do you see as the
biggest challenges we need to address in this situation of recycling
and manufacturing of EV batteries?

Ms. Speakes-Backman.

Ms. SPEAKES-BACKMAN. Thank you, Mr. Chairman, for the ques-
tion. And I would like to take a quick opportunity to thank you so
much for your leadership in providing the provisions that could
very well relate to this in the Energy Act of 2020.

The CHAIRMAN. Right.

Ms. SPEAKES-BACKMAN. There is so much more that we can do,
however. I believe Secretary Granholm appeared in front of you
during her confirmation and she spoke to the need of really a
three-prong approach and that’s what we’re working on at DOE
and within EERE. And that is, number one, to diversify the supply
that we have. Number two, to find substitutes for non-critical ma-
terials—of critical materials to the non. And the third is reuse and
recycling so that we are minimizing the need for raw materials.

The CHAIRMAN. Allow me to interrupt.

Are we along the research as far as finding substitutes for raw
materials to make these types of batteries?

Ms. SPEAKES-BACKMAN. We are making progress but there’s a lot
more work to be done.

The CHAIRMAN. Okay.

Ms. SPEAKES-BACKMAN. And we need to accelerate that.

The CHAIRMAN. Mr. Muellerweiss.

Mr. MUELLERWEISS. Yes, the number one constraint, it really is
a mindset where traditionally we’ve focused on developing new so-
lutions, bringing them into the marketplace, and dealing with the
end of life later in the process when large quantities of batteries
or other products reach the end of life. We really need to start that
process right up front. And I need to commend the work of Argonne
National Lab and not only the other national labs that are looking
at the end of life of vehicle batteries, particularly EV batteries, cur-
rent chemistries and future chemistries and identifying opportuni-
ties for reuse, recycling, recovery, and ideally, even a circular econ-
omy of batteries where we can take those same materials in that
battery and make new ones.

But I want to build on that point about hybrid vehicles. We are
already seeing in today’s economy the remanufacturing of some of
the early hybrid vehicle batteries, so theyre being reused in the
ideal second life or second use which is the application that those
batteries were originally designed for. So more of that is what’s
needed, more focused efforts and really a fundamental change in
mindset from a linear approach to a circular one that looks at ways
to use those materials to supply new battery manufacturing, not
just end-of-life waste.
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The CHAIRMAN. Thank you.

This is going to be for Mr. Wimmer and Mr. Satterthwaite. Both
of your companies have been putting a heavier emphasis on hydro-
gen and hydrogen fuel cell technologies. I am intrigued by fuel cell
technology because fuel cell vehicles, like the EVs, produce elec-
tricity without combustion or emissions and do not rely on lithium
batteries. This is old technology. In the 1990s, Bob Wise, who was
our Congressperson at that time in West Virginia, pushed it very
aggressively and we had a fueling station in West Virginia. It
never took off. We had a couple of our buses, transit buses, and it
seemed like a novel idea, and for some reason, it never caught on
with the public. We had no more expansion even as much as we
promoted it.

So I am asking, in what application do you see the most potential
for hydrogen because I think it has an unlimited amount of poten-
tial in our commercial energy fields also. So whoever wants to go
first, Mr. Wimmer, then Mr. Satterthwaite.

Mr. WIMMER. Very good question, Chairman. I was actually in-
volved, prior to Toyota, with that bus program——

The CHAIRMAN. You remember that? Yes.

Mr. WIMMER [continuing]. That ended up in West Virginia and
I can speak from personal experience, that was a little bit before
prime time for the technology.

The CHAIRMAN. Okay.

Mr. WIMMER. It was a little bit early, but we’ve come a long way
in the last——

The CHAIRMAN. I am glad to hear that West Virginia was ahead
of its time.

Mr. WIMMER. Yes, yes, they were.

So over the last 20 years, we have been developing the tech-
nology. We are now on our second-generation stack technology,
which is allowing us to produce stacks in much larger quantities.
We can produce upwards of 30,000 stacks a year, and it’s a very
scalable technology, so it can be applied to a standard four-door
sedan like I mentioned, the Mirai, but if you put two of those
stacks into a Class A tractor trailer, as we're doing for a program
at the Ports of Long Beach and L.A., those tractor trailers are
being used to haul drayage from the port to different locations
around the L.A. basin through some very disadvantaged commu-
nities that are very impacted by emissions from the streets and the
highways nearby. So replacing a diesel vehicle with a zero-emission
vehicle, particularly a fuel cell, is beneficial for reducing carbon
emissions of course, but also for pollution.

The CHAIRMAN. Do we rely on any other foreign countries for the
technology or for the raw materials for us to do that?

Mr. WIMMER. The raw materials primarily are carbon in the
stacks. We do purchase some of the precious metals in fuel cells
from outside of the country, but we also purchase about the same
amount for catalytic converters in cars.

The CHAIRMAN. Got it.

Mr. WIMMER. So what we are really looking at is taking that re-
source——

The CHAIRMAN. Transferring.

Mr. WIMMER [continuing]. And transferring it from cars.
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The CHAIRMAN. Mr. Satterthwaite, really quickly. I'm sorry,
we're running out of time, if I may.

Mr. SATTERTHWAITE. Yes, Chairman, thank you.

The energy and density emissions weight and fueling properties
of hydrogen make it an ideal energy carrier for the equipment that
Cummins powers. But let me also talk about the production of hy-
drogen because in order to use hydrogen we need to make hydrogen
fuel and that could be produced domestically from renewable en-
ergy or in a carbon-neutral way with natural gas and carbon cap-
ture and sequestration, which means, we think hydrogen is an
ideal fuel for energy-dense applications like long-haul trucking, ma-
rine, mining, and rail.

The CHAIRMAN. Thank you, sir.

Senator Barrasso.

Senator BARRASSO. Thanks so much, Mr. Chair.

Mr. Satterthwaite, I want to continue with you. You said your
company is working toward an energy-diverse future where your
customers have a broad portfolio of options so that they can choose
what works best for them. So in your experience, if we had man-
dates that forced the technology, is that going to help or hurt the
innovation that you are working on in the transportation sector?

Mr. SATTERTHWAITE. Thank you for the question, Senator.

In our experience, performance-driven standards allow us to re-
duce emissions today and continue to innovate and improve as in-
frastructure challenges are addressed. And we do not believe a
technology mandate will be helpful. Other things we have experi-
enced in our past is when technology is pushed into the market be-
fore it’s ready, there are three effects that we see. The first is that
the cost of the technology is typically higher and so customers get
frustrated with that. As the reliability of the technology is not
great, manufacturers have to spend more money on warranty and
support. And then finally, as customers don’t have great confidence
in the technology, then they keep their older vehicles longer which,
I think, does not meet the goal of greening our economy as quickly
as possible.

So we do not believe technology-forcing mandates actually help.
We believe performance-based standards make the biggest dif-
ference.

Senator BARRASSO. Thanks so much.

Mr. Nkurunziza, I have a couple questions for you.

In your report, you explain that the production of minerals nec-
essary for electric vehicles has contributed to child labor problems,
to human rights abuses, and to environmental damage around the
world from Asia to Africa to South America. To the extent that the
United States has reserves of minerals necessary for electric vehi-
cles, would increasing our mineral production right here at home
in the United States help electric vehicle manufacturers respon-
sibly obtain the minerals that they need?

Mr. NKURUNZIZA. So two ways really to handle that. Yes, of
course, if there are domestic resources—cobalt, lithium—you can
produce them economically because also the economic side comes
in. If they are competitive—can be produced competitively—yes,
the U.S. can very much benefit from that. But the second aspect
is that you can also get them from where they are and that’s what
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most countries are doing now because not every country will have
all the resources it has to advance its development. So what I think
is the U.S. can be a champion actually. Of all these problems we’ve
seen, they can go in with a better model, better standards, invest
in what I said—what I call the impact investment, which tries ac-
tually to correct the wrongs that we observe in those countries
while, you know, ensuring that the value chain is internalized
there within the United States, just procuring the raw material
from where it is.

So I would see the problem in, really, in two ways. That’'s why
I mentioned this issue of international trade, because whether we
like it or not, we will probably still need to get some of the material
from abroad, whether it’s rare earths or cobalt, for example. So
that’s how I would approach this question.

Senator BARRASSO. Your report notes that the advantages and
disadvantages are there for recycling metals used in batteries.

Mr. NKURUNZIZA. Yes.

Senator BARRASSO. For example, it says that although there is a
high potential to recover metals from a lithium-ion battery, these
metals, you say, are often combined with several different elements
in a complex mix, making recycling extremely difficult. So what are
the specific challenges that limit the amount of material that we
can recover when recycling lithium-ion batteries?

Mr. NKURUNZIZA. Thank you very much.

Yes, again, I think this 1s where technology comes in. What we
say is we use the current technologies, but we know that tech-
nologies are really evolving in this area, they are growing at a very
high speed. So I'm sure in a few years there will be new tech-
nologies that allow us to recycle more than we do today. Going
back, probably to something else I said earlier, in Bolivia, for exam-
ple, we know Bolivia has the highest concentration of lithium, but
it is not extractable because of technology. The current technologies
cannot allow that lithium to be extracted.

So technology, again, with the development of new methods, that
will be possible and I'm sure, maybe in a few years.

Senator BARRASSO. Thank you.

Mr. Chairman, I have one other question for Mr. Satterthwaite.
I just want to say, you know, Wyoming has some of the largest re-
serves—is among the biggest producers of natural gas in the coun-
try. Can you discuss the opportunities that liquefied natural gas,
LNG, provide for reducing our dependence on foreign oil and air
emissions for, say, heavy-duty vehicles?

Mr. SATTERTHWAITE. Yes, Senator. Thank you for the question.

Switching any application from diesel to natural gas is a tremen-
dous opportunity to reduce emissions. Natural gas engines can pro-
vide performance and reliability. They are a mature and proven
technology and they offer both criteria pollutant emissions 90 per-
cent below current EPA diesel standards and greenhouse gas emis-
sions 16 percent below current EPA standards. And so natural gas
engines are mature, proven, and one of the least disruptive alter-
natives available to start on the path of decarbonizing our trans-
portation sector.

Senator BARRASSO. Thanks, Mr. Chairman.

The CHAIRMAN. Thank you, Senator.
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Senator Cantwell.

Senator CANTWELL. Thank you, Chairman Manchin and Ranking
Member Barrasso, for this important hearing. Clearly, we have to
keep manufacturing more efficient cars, drive down costs for con-
sumers, and deal with pollution. So I very much appreciate this
panel and very much appreciate the past efforts by Congress in
passing a CAFE standard that helped us save two trillion gallons
of gasoline. That really is about the same as it takes to fill up all
the light duty trucks in the United States for 15 years. So it was
really quite an achievement and the R&D efforts of the Advanced
Technology Vehicles program and the DOE’s SuperTruck program.
All of these have been very positive developments, including the
EV tax credit that we were able to establish in 2008 to help spur
more investment in electric vehicles.

So my question now is do you think we need to focus on more
of the other aspects of the transportation sector—freight, transit,
maritime, and aviation and do we need to look at, you know, like
a technology-neutral tax credit or other ways to make the U.S. sec-
tor more competitive in this area? And if you could be as succinct
as possible because I have two other questions I want to get
through.

Ms. SPEAKES-BACKMAN. Thank you for your question, Senator
Cantwell, and thank you for your authorship and leadership of the
$7,500 tax credit years ago, and it really did spur an industry on
the EV and now it’s time to do more. Now it’s time to reach beyond
the light-duty vehicles and the electric vehicles and into the rest
of the space of the sustainable transportation world that we want
to see. That is rail, it is heavy-duty vehicles, it is air, and it is sea.
And that is why we focus in our Sustainable Transportation Office
on more than just electric vehicles and battery electric vehicles. We
focus on hydrogen and we focus on biofuels to go across the entire
transportation sector.

Senator CANTWELL. Great.

So maybe joining in with the rest of the witnesses, do you think
that this competition between us and, you know, the rest of the
world—communities also trying to catch up on this. In 2005, the
capital investment in clean energy technologies was about $60 bil-
lion and in 2020 it was $501 billion. So there are a lot of people
that are making these investments. Do we need to do more in the
area of battery technology and transition and grid storage, and the
truck issue? Do we need to do more?

Ms. SPEAKES-BACKMAN. Absolutely, and I appreciate your ques-
tion.

You know, something that I heard across all five testimonies
today was that this is not just about battery electric vehicles, this
is that consumers need more choices and that these choices need
to be accessible to all Americans. We need to explore and use the
natural resources that we have here at home in order to make sure
that we have a secure supply, and I think we need to accelerate
that process. We have the expertise of the Department of Energy
and our 11 laboratories, really standing at the ready, to be able to
work toward that common future.

Senator CANTWELL. And what do we do about this issue of the
supply chain and making our supply chain more resilient or redun-
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dant or resolving conflict. The U.S. International Trade Commis-
sion is looking at this SK Innovation and LG Chem dispute and
clearly, we do not want people stealing patents or unfair competi-
tion. But this will hurt us in our supply chain in the United States,
correct? And we need to have it resolved or do something about it
to make sure that we have more resiliency.

Ms. SPEAKES-BACKMAN. It’s certainly a challenge facing us today
in terms of accelerating the sustainable transportation and the do-
mestic battery electric vehicle—domestic production, in contrast
with making sure that we have a fair playing field. And so while
Department of Energy is not at the center of that discussion, we
look forward to helping to support wherever we can—the ITC in its
decision-making and the rest of the Administration.

Senator CANTWELL. Okay.

What else do we need to do to, on the materials side, to help with
the supply chain? What do you think we should do there on the
materials side?

Ms. SPEAKES-BACKMAN. Well, reducing the reliance on critical
materials, critical minerals, is really important and it’s a big focus
of us at Department of Energy and across our labs, really focusing
on diversifying the supply of these critical materials. Secondly,
really, is finding substitutes for them through our research and de-
velopment. And thirdly is reuse and recycling of those critical ma-
terials that are already in the space so that we don’t have to dig
up more.

Senator CANTWELL. Thank you.

That last point is so important because we have had several
hearings before this Committee before and I feel like we just gloss
over that point. And yet I think it is the most critical point for us
in the United States because there is something we could do about
that right now if we just would focus on the recycling aspect.

Ms. SPEAKES-BACKMAN. I appreciate that. And we do have, actu-
ally, a few prizes and programs within DOE that are pretty excit-
ing. The Lithium-Ion Recycling Prize and the ReCell battery re-
search and development center, for which Clarios is a participant.
So we will continue that work and we look to expand it.

Senator CANTWELL. Thank you, Mr. Chairman.

The CHAIRMAN. Thank you, Senator.

I don’t think Mr. Lankford is able to get on the call right now.

Senator Cassidy. Will he be available?

If he is not available, we are going to go to Senator Heinrich.

Senator HEINRICH. Thank you, Chairman.

Ms. Speakes-Backman, I wanted to ask you a little bit about
electrolyzers. We heard a lot of different testimony today about hy-
drogen and one of the things that, I think, it is clear, whether you
are Cummins or anybody who is starting to invest in that space,
that we need to bring down the cost of electrolyzers. So that is one
of the key goals here. Can you talk a little bit about how we move
electrolyzer costs down the deployment cost curve more quickly
and, from your DOE perspective, what we should be doing as a pol-
icymaking body to support that?

Ms. SPEAKES-BACKMAN. Thank you for your question and thank
you for your leadership on so many aspects of energy storage, ei-
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ther stationary or vehicle, and on addressing the climate crisis. I
really appreciate the time and the question.

We at DOE, while we are looking to demonstrate and deploy the
technologies that are already at hand, we don’t stop or we don’t
slow down the work that we have to do on the research and devel-
opment of lowering the costs of electrolyzers and the entirety of the
process of production for hydrogen, whether that be green hydro-
gen, whether it be other forms of hydrogen through carbon capture
or whether that be through natural gas. We are working on all
three of those fronts with our labs and we appreciate the support
that you all give us to do that.

Senator HEINRICH. Mr. Satterthwaite, I appreciate the invest-
ment that Cummins is making in hydrogen technology. I am curi-
ous if you have thought about potential policies that might help
with some of those, bringing down costs with deployment and cer-
tainly, you know, one of the things we have learned and seen in
recent years is how tax incentives like the Investment Tax Credit
have been incredibly efficient at moving solar from the most expen-
sive source of power to the cheapest source of power in a relatively
short period of time. I am curious if you have looked at whether
a vehicle like the Investment Tax Credit would be helpful in driv-
ing down the cost of electrolyzers, in particular?

Mr. SATTERTHWAITE. Thank you for the question, Senator.

We believe tax credits are an effective way to spur demand and
investment. The current challenge that we see with electrolyzer
cost is essentially the further technology development and in-
creased volume. I think this Committee is aware that Europe has
moved forward quite quickly with the European Green Deal and is
offering some pretty significant incentives for investments in green
hydrogen. And we think that some of those similar incentives here
in the U.S. could spur the development of electrolyzers. I think de-
mand for electrolyzers will also go hand-in-hand with demand for
hydrogen. And so I think the other way to get electrolyzer costs
down 1s to spur demand for hydrogen as a fuel, and I think there
have been many, many of my fellow panelists who have talked
about how we can do that, but that would be the other demand pull
that we could use to increase the volume of electrolyzers.

Senator HEINRICH. That is a great point. And you talked a little
bit about what sort of CO. standards you would be comfortable
with and you said that you support performance standards. And I
am curious if you mean that you would, for example, support a
standard that moved from today’s emissions of diesel motors and
setting that as, sort of, 2021 and then sliding that scale to zero for
CO5 emissions at a date certain in the future. Is that the kind of
performance standard that you were referring to?

Mr. SATTERTHWAITE. Thank you, Senator. That is correct. We
support that kind of a standard that meets the objectives of our
country and our air quality goals and allows industry to compete
and consumers to have choice about which tech they choose.

Senator HEINRICH. And obviously, that’s technology neutral.

Mr. Wimmer, I wanted to ask you a little bit about infrastructure
because I was able to pull up from September 2018 the data that
happened to pop in a story about the different cars that sold in the
U.S. Congratulations, Toyota Camry was number one in September
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2018. The best-selling American car in September 2018 was the
Tesla Model 3—it was about 3,000 vehicles behind it at 24,000. You
were at 27,640 for the Camry. The Mirai is not on that list. I do
not raise that to pick on the Mirai. I raise it to bring up the issue
of infrastructure because I can pull up a gas station or a charging
station, hundreds of them, anywhere, on my phone, pretty much
anytime, with the exception of rural areas where we still have a
lot to do on electrification infrastructure, and we're getting ready
to talk about a potential big infrastructure package. And I think
addressing both the current issues with rural electrification and
hydrogen potential infrastructure is a huge opportunity within that
infrastructure focus.

Do you want to share some thoughts on that, the importance
that if we are talking about hydrogen we have to be talking about
infrastructure?

Mr. WIMMER. Thank you, Senator, that’s a very good question.

The approach that has been taken in California, where there’s
nearly 50 hydrogen stations open today, is to scale the infrastruc-
ture along with the vehicles. So you basically would want to grow
infrastructure so they balance the number of vehicles and the num-
ber of stations. There is also a difference with the hydrogen infra-
structure. It’s very similar to a gasoline pump dispenser and it can
service hundreds, if not a thousand vehicles a week from one sta-
tion, very different than battery chargers. So you don’t need to
build as many stations as you would individual chargers.

The other key is that there is cooperation between the auto mak-
ers, the infrastructure providers, and the government to grow all
that together because it’s a long-term commitment. We're talking
a decade or more long commitment to invest in the stations or the
vehicles. So it’s key that there’s this cooperative aspect to doing
that and that’s occurred in California. We're doing the same thing
in the Northeast U.S. to grow that as well. But again, with the
modest infrastructure, as that grows, we will increase vehicle pro-
duction to meet the demand for the vehicles.

The CHAIRMAN. Thank you, Senator.

Senator Murkowski.

Senator MURKOWSKI. Thank you, Mr. Chairman, and good morn-
ing. I appreciate this hearing on innovative transportation tech-
nologies. And I know that most of my colleagues, when you think
about transportation, you are thinking about what is driving on our
roads and I appreciate that we have someone from automobile
manufacturing. But in way too many of my communities we do not
have that, those roads. And so, for us, transportation looks just a
little bit different and we talked about how we move on the water,
which I think, for us, for the United States, really for the world,
this is a space and an area where we need to be spending some
time and attention.

We have had an opportunity, Mr. Chairman, to go to Norway. We
have seen a country like Norway that, again, has a lot of areas that
you cannot access readily by road. And so what they have done
with their ferry system and their marine highway system to allow
that to be powered through renewable opportunities, electricity—I
think about our Alaska marine highway system. It has actually
been designated as a National Scenic Byway and an All-American
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Road. This is our road out there. We have incredible opportunities
for hydro resource, again, a renewable resource there that can gen-
erate this electricity. But when we think about what we have in
Kodiak—another series of ferries that go around that island. That
island community is—the City of Kodiak, anyway—is about 99 to
100 percent renewable, between the hydro and the wind opportuni-
ties and the storage that they have there.

So talk to me a little bit in terms of what is being done in terms
of the R&D to lower the cost of hybrid electric ferry conversion.
What more is being done in this space to help not only ferry sys-
tems, but I also think about our fishing fleet in Alaska and the de-
sire that so many have to convert their fleets to get them off of die-
sel and to get them to a different way of operation within their own
systems.

So I think that goes to you, Ms. Speakes-Backman, in terms of
what we are seeing in the innovation in this space as it applies to
transportation on our water, whether it is a fishing fleet or wheth-
er it is a marine highway system like we have in Alaska?

Ms. SPEAKES-BACKMAN. Well, thank you very much for the ques-
tion, Senator Murkowski, and thank you for your leadership in all
these energy issues that are so important to us. Our Water Power
Technologies Office has undertaken the Powering the Blue Econ-
omy initiative, which is very exciting, centered on unlocking the op-
portunities for waterway energy systems, also working with the
Department of Transportation, working with the Department of the
Interior, working across the entire government, really, to find ways
to electrify ferry systems as well as demonstrating projects for com-
munities. We have also partnered across DOE offices to launch the
Energy Transitions Initiative Partnership Project, as you’re well
aware. We have the Waves to Water Prize, for which we just an-
nounced a recent winner, which is about desalination systems for
disaster relief. We have the Ocean Observing Prize, which is work-
ing on development of wave energy powered ocean systems.

That, plus working on the ferry electrification systems are really
where we’re working to decarbonize across the entire economy. And
whether we do this through electrification or zero carbon fuels for
the ferry systems, we're working on both of those aspects. We are
looking to integrate the transportation sector to involve much more
than just the road systems, but really water, rail, and air as well.

Senator MURKOWSKI. Well, I would like to work with the folks at
DOE on this. As I mentioned, we have an awful lot of—not only
remote and islanded communities, but they are just not connected
to anybody else. Again, we talk about the microgrids and how we
are kind of doing it on our own, but the opportunities, I think, for
us to be doing more when it comes to creating these highways on
the water, how we are able to access one another through that—
I will just note that some of our communities are already really
pushing out. Juneau, our capital, is. They have, on a per capita
basis, one electric vehicle for every 76 residents. For that commu-
nity, their big problem was getting dealers from Seattle to ship
EVs up to the state because everybody thought they did not want
them there. In the community of Cordova, there were no EVs, and
so the mayor decided he was going to deal with the chicken and
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egg thing and put in two charging stations and now we have sev-
eral EVs. So you build it and they will come.

In my remaining minutes, I want to bring up the issue of critical
minerals and the elements that are so necessary. The discussion
that has been had about recycling, and as much as recycling holds
promise, I will just remind that you cannot recycle until you have
put it into the cycle in the first place. So we recognize that we have
work to do when it comes to ensuring that these resources are
there.

I was part of a discussion yesterday, getting a little bit of an up-
date about a project in the Salton Sea where they are taking the
geothermal brine and basically extracting from that, lithium and
it—apparently, it holds some incredible promise. But I mentioned
the geothermal brine that you have in Iceland and how they are
using it for skin and facial products. Maybe we can be doing that
as well as figuring out a way

The CHAIRMAN. I know we all tried it. It did not help us much
either

Senator MURKOWSKI. Come on, some of us——

The CHAIRMAN. ——Dbenefited by it.

[Laughter.]

Senator MURKOWSKI. Mr. Chairman, I am well over my time, but
this is an area that, I think, has great promise and great interest.
But we clearly do not want to get too far behind when it comes to
being able to develop and process our own critical minerals and
those important elements here in this country as well.

Thank you, Mr. Chairman.

The CHAIRMAN. Thank you, Senator.

Is Senator King on? I am not sure if he has joined us. If he has,
if he would please come on. If he has not, we will go to Senator
Cortez Masto.

Senator CORTEZ MASTO. Thank you. Thank you, Mr. Chairman,
Ranking Member and thank you for the panel. This is great con-
versation today.

You know, right now we are in the middle of a legislative session
in the State of Nevada and the Governor and some of our legisla-
tors have introduced a substantial energy bill during this legisla-
tive session that would mark one of the state’s largest investments
in electric vehicle infrastructure. And so I am so pleased with the
conversation today. But let me ask you, Ms. Speakes-Backman, I
have introduced legislation because I think we need to have a na-
tional strategy and a clear strategy on electric vehicle framework
to include the DOE and our local and state governments in this na-
tional strategy. And generally speaking, is that something that
DOE is supportive of or is that something you are looking at and
developing and working with the states and local governments
around a national strategy?

Ms. SPEAKES-BACKMAN. Senator, thank you so much for the
question. In fact, yes, as we are looking to focus more on the dem-
onstration and deployment of these technologies that we have
worked so hard over the years to be ready to have deployed, we are
absolutely thinking about how we coordinate, not only across the
Federal Government, but across state governments as well through
programs such as “Clean Cities” and “Connected Communities,”
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that we work with, as well as looking at what that national strat-
egy might be. Just last week, or maybe it was the week before last,
I sat down with the Board of Directors of the National Association
for State Energy Offices, really, to talk about what we can do to
be helping and supporting the states to do the work that they need
to make sure that they can support the legislation that has gone
through. So thank you for the question.

Senator CORTEZ MASTO. That is wonderful. Thank you.

Let me touch on something that we really have not focused on,
which is workforce. In addition to the opportunities and challenges
presented today, we also have to prepare our workforce for many
of these technologies and the expansion of jobs that come with
them. This could provide ample opportunities to work with our
partners in organized labor as well. So let me just open this up to
the panelists. Can you talk to the potential benefits that electric
vehicles and the deployment of charging infrastructure could have
for domestic job creation and production? And let me open that up
to the panelists and see if anybody has any thoughts on that.

Ms. SPEAKES-BACKMAN. Well, I'll jump in, if you don’t mind.

Senator CORTEZ MASTO. Okay.

Ms. SPEAKES-BACKMAN. Thank you for the question.

Absolutely. Everything that we do at the Department of Energy
is focused on, of course, reducing carbon in our energy infrastruc-
ture, but also to be able to enable all Americans to have—to benefit
from—the work that we do and that includes not just the environ-
mental benefits, but the workforce development side of this and
training as well. And so in the deployment of infrastructure, it cer-
tainly can help us to get to that goal of creating of millions of good-
paying, middle class jobs with the opportunity to join a union, as
well as helping, not just in the deployment of this, but in the oper-
ations and maintenance of the transportation sector.

Senator CORTEZ MASTO. Thank you. I am glad you said that be-
cause I know I have worked with our regional transportation com-
missions in Nevada. We have electric buses already, but I know,
particularly in northern Nevada, working with our Washoe RTC,
that they highlighted for me the shortage of workers that had the
know-how to service electric vehicle buses. And so I think this is
an area where we can grow our workforce and train them, create
jobs—create new jobs—transition the skills to these jobs, which will
benefit our workforce as well. Thank you for that.

Let me touch on battery recycling, while I have just a few min-
utes left. Mr. Muellerweiss and Mr. Nkurunziza, is that right? I do
not want to butcher your name.

Mr. NKURUNZIZA. Yes, that’s right.

Senator CORTEZ MASTO. Great, thank you.

Both of your testimonies speak to the many benefits of devel-
oping better battery recycling programs and keeping the recycled
materials in the United States in an effort to gain control of the
feedstock for future battery production.

Mr. Muellerweiss, in your written testimony, you mentioned the
“2 Million Battery Challenge.” Can you further elaborate on this
initiative and speak to its applicability for the recycling of other
critical minerals and rare earths?

Mr. MUELLERWEISS. Sure, thank you for that question.
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The 2 Million Battery Challenge is something the Responsible
Battery Coalition put together to go after the estimated number of
batteries that are currently not being pulled back into the recycling
system for their conventional lead-acid battery recycling. Through
that effort, we’ve worked with a number of organizations, including
Backhaul Alaska, that are looking at remote villages and that have
stranded batteries so there may be a higher cost to access—to cap-
ture—very similar to maybe some of the current chemistries that
are coming online and maybe reaching end of life. So we’re learning
by going after some of the more difficult-to-reach batteries from
around the country—from around the world, frankly—but that ef-
fort is really focused in trying to identify how to make it economi-
cally viable, how to sort transportation needs to get it from some
of the most remote locations to responsible recycling centers.

And as I mentioned in my testimony, there’s a lot that can be
learned from these traditional recycling systems that have been es-
tablished in creating pull-through value that allows the materials
to be processed and then, ideally, turned back into new batteries.

Senator CORTEZ MASTO. Thank you.

The CHAIRMAN. Thank you, Senator.

And now we have, let’s see who we have. Senator Lankford, is
he available yet? If not, we are going to go to Senator Cassidy.

Senator CAsSIDY. Okay, thank you, all.

Mr. Satterthwaite, I have been down at some of the Louisiana
boat building places and they are using your engines. Is there a hy-
drogen powered engine that works in a marine vessel?

Mr. SATTERTHWAITE. Senator, thank you for the question.

We are running demonstration projects. We currently have a hy-
drogen fuel cell in an e-ferry in San Francisco, an 84-passenger
ferry, but these are still technology demonstration projects. I would
not say that the fuel cell technology is ready for prime-time, off-
shore operation just yet.

Senator CASSIDY. But is it ready for an 18-wheeler?

Mr. SATTERTHWAITE. Neither. It is not ready for an 18-wheeler
just yet. We are developing. We have a number of demonstration
projects. My fellow panelist from Toyota talked about the trucks
that are at the ports. Cummins has a number of those as well. We
are working with customers on demonstration projects, but we are
not production—or, you know, efficient-use ready with those tech-
nologies as of yet.

Senator CASSIDY. This is purely curiosity, for either you or Mr.
Wimmer. It is my understanding that when you make hydrogen
from methane you extract about 55 percent of the energy potential
of the methane. That would, obviously, increase your cost of fuel
roughly by 50 percent. So can we anticipate that this technology
will improve, or is it going to be somewhat limited because you are
always going to have some decrease in energy potential as you
transition from one fuel to the other, aside from the energy it takes
to strip the hydrogen from the methane to begin with?

Mr. MUELLERWEISS. Senator, you bring up a very good question.
The real key is what is the price of that fuel when it’s delivered
to the customer? Efficiency will be part of that, but the efficiency
of the whole system is really, ultimately, up to the price of that fuel
at the pump. So when you look at electricity, depending on how you
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produce the electricity, that could be a very inefficient process as
well. And we don’t really think about that when we buy electricity.
So I think we really have to think about if we can bring the cost
down through whatever process is used to make the hydrogen so
that it’s affordable for the consumer at the pump.

Senator CASSIDY. Okay.

Ms. Speakes-Backman, Louisiana has a lot of pipeline infrastruc-
ture. We produce a lot of methane. We have great geology by which
to store carbon if we wish, to strip the hydrogen atoms off to make
a fuel cell, but then to make it zero carbon hydrogen. How do we
capitalize on this infrastructure if I want my state to be part of
this hydrogen future that may be out there?

Ms. SPEAKES-BACKMAN. Thank you for the question, Senator.
And we want every state to become a part of the hydrogen future
as well as the electric transportation future and the biofuel future,
as it’s appropriate.

We would love to work with you to talk about local programs
that we can put in place in order to move this forward. And so we
would love to be in touch following up.

Senator CASSIDY. So is blue hydrogen part of the plan as opposed
to the so-called green hydrogen? Blue hydrogen being made from
methane?

Ms. SPEAKES-BACKMAN. Absolutely. We have done work on blue
hydrogen. My Office of Energy Efficiency and Renewable Energy
has not been the lead on that, that’s been our Office of Fossil, but
they are also looking at carbon reduction ways from the fossil fuels
to be able to create hydrogen. In fact, there’s a funding opportunity
on the street right now regarding that. So yes, sir.

Senator CASSIDY. Mr. Satterthwaite, do you have a sense of how
long it will take for the technology to get to the point where we
cou!?d have an 18-wheeler or a marine vessel that’s run on hydro-
gen?

Mr. SATTERTHWAITE. Cummins’ projection that we shared with
investors in November of last year is that we think that penetra-
tion of hydrogen fuel cells in, for instance, our heavy-duty trucking
market in the U.S. will be in the single digit percent by 2030.

Senator CAsSIDY. And what about LNG as a transportation fuel
in a marine vessel? What would be that penetration?

Mr. SATTERTHWAITE. LNG has been discussed many times. It has
some opportunities, but natural gas in smaller-sized marine vessels
is a challenging technology that still needs some work. There are
some very large ships which use LNG, but the size that Cummins’
are today—really, it’s hard to get enough fuel density on board to
match the density of diesel. And so customers suffer reduced range
if they move to compressed natural gas or LNG opportunities.

But in terms of emissions reductions, LNG offers a good oppor-
tunity to reduce emissions in products and they think technology
is essentially available and reliable and durable today.

Senator CAssIDY. Thank you. I yield back.

Senator BARRASSO [presiding]. Thanks so very much.

Senator King.

Senator KiNG. Well, thank you, Mr. Chairman. I apologize for
being late to this hearing. I was at an Armed Services Committee
hearing and interestingly, there is a connection between the two.
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The Armed Services Committee witnesses included the
NORTHCOM Commander who deals with issues in North America
and the Arctic and the SOUTHCOM Commander who deals with
everything below Mexico. And the common thread is climate
change. Seventy-five percent of the Arctic ice has melted in the last
40 years and that’s in terms of volume and the Arctic is changing
fundamentally as a national security issue in terms of both Russia
and China. In Central America, the testimony was that part of
what’s driving the crisis at our border is the COVID impact in
those countries, trans-national criminal activity which is gangs,
which is just out of control and finally, two major hurricanes that
hit the region this fall and people just want to get out for a safer
life and they are headed for our borders.

So here we are talking about electric vehicles and alternative
fuel vehicles and it is all part of the same issue. I think it is impor-
tant that we realize that all these things are connected. I have to
say—and I am not going to mention the brand—I just bought a
brand-new car, which I rarely do, which is one of the most amazing
vehicles that I have ever encountered. It is a plug-in hybrid and
it can be plugged in and you have 25 miles of all electric transpor-
tation for getting around town, but it also has a hybrid engine for
longer distance. And coming in yesterday from Dulles Airport, it
averaged 61 miles per gallon on the hybrid engine. So this is, I
think, the future of transportation—a very efficient utilization of
resources.

I think, and I do not know if this has come up, but one of the
benefits of alternative-fueled vehicles, particularly electric vehicles,
is a more efficient utilization of the grid. Our grid is like a church
designed for Christmas and Easter—it has extra pews the rest of
the year. Our grid is designed for the hottest day in August, and
there is a lot of additional capacity on the grid in the middle of the
night in February or March or December or whenever, and this is
when most people would be charging their vehicles. So there is an
opportunity here for a much more efficient utilization of the grid
and, of course, transportation, as I am sure has been noted in this
hearing, is about a third of our greenhouse gas emissions.

I am interested in the alternatives, other than electricity. We
have had a lot of discussion about that. If one of the witnesses
could sort of give me 30 seconds on the status of hydrogen, for ex-
ample, as a feasible transportation alternative and where that
stands and what the obstacles are at this point.

Mr. WIMMER. I can speak for Toyota.

I think it’s showing that it is feasible. As I mentioned, we have
deployed over 6,500 Mirai, our fuel cell, four-door sedan in the
State of California. There are 50 stations. We have had an im-
mense amount of learning on doing this over the last five years,
both from the infrastructure side—hydrogen production—as well as
from the vehicle side. We're now on to our second-generation fuel
cell vehicle that improves performance and fuel efficiency range at
a lower cost. So from our perspective it is a technology that will
grow. We are selling it around the world, in Japan, as well as Eu-
rope. We are also working on heavy-duty Class A tractor trailers
to deliver cargo in the L.A. area. I think, from our view, we see it
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as a fundamental technology that will grow going forward and help
us achieve our climate goals.

Senator KING. And the hydrogen can be produced by excess elec-
trical capacity, can it not?

Mr. WIMMER. Yes, that is one way to produce hydrogen. Hydro-
gen can be produced many different ways, so excess capacity,
electrolyzers, renewable energy, as was mentioned earlier from nat-
ural gas with carbon sequestration. So there’s just a variety of
ways to produce the hydrogen. It really can vary by region. So
whatever each region of the country has, they can use it to produce
hydrogen.

Senator KING. And the emission from the burning of hydrogen is
H-O0, is that correct?

Mr. WIMMER. Correct. We’re not burning hydrogen. We’re actu-
ally just recombining it with oxygen to form water and that’s what
comes out of the tailpipe.

[Laughter.]

Senator KING. Well, I think water is a lot better than CO,. So
I appreciate that technology.

And how many vehicles did you say you have deployed in Cali-
fornia at this point?

Mr. WIMMER. We've deployed over 6,500, and then if you add in
our competitors’ vehicles, it’s between 7,500 and 8,000 vehicles, I
think.

Senator KING. Is this a cost-competitive technology now, or when
will it be so?

Mr. WiMMER. Well, we can’t really talk about costs. I think we
can look at the price of the vehicle and see that it’s—I think the
new generation is approximately $57,000 with three years of free
hydrogen. So I think from the consumer standpoint, it’s a very at-
tractive price, but I can’t speak to cost at this time.

Senator KiNG. Okay, thank you.

Thank you, Mr. Chairman.

Senator BARRASSO. Thanks, Senator King.

Senator Lankford.

Senator LANKFORD. Senator Barrasso, thank you. To the wit-
nesses, thank you very much for what you are doing and for bring-
ing the conversation in today. Let me go through several things.

Mr. Muellerweiss, let me ask you about the battery recycling
that has come up several times and obviously, the challenge that
we have with some of the minerals coming from conflict areas and
child labor and from multiple areas where we have nations like
China and Cuba that seem to dominate the market in certain, dif-
ferent minerals. So the battery recycling becomes a big issue for us.

My understanding is we are around five percent at this point for
some of these batteries. Not dealing with existing car batteries
now, we are at near 100 percent of recycling. But for some of the
lithium-ion and some of those, where are we on recycling and what
can we do better for that?

Mr. MUELLERWEISS. First and foremost, Senator, no child should
ever be harmed with materials that are used in batteries, full stop.
That’s why it’s so important to understand the full life cycle of
these materials, as I mentioned in my testimony, from mining to
manufacturing, to end of life and recycling. As you noted, a very
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small percentage of lithium-ion chemistries are currently being re-
cycled today. There’s a significant amount of diversity. There isn’t
a one-size-fits-all when you say lithium-ion. That can be a variety
of different configurations, chemistries, creating a little bit more
additional complexity for recovery and recycling.

But one of the key things that is evident and why we are excited
to be a participant in the DOE’s Lithium-Ion Recycling Prize is
there’s an opportunity to collect those used batteries which have
some of those rare earth and critical minerals and ensure that they
can be recovered in a cost-effective, responsible way right here in
the United States, to be able to turn those materials back into bat-
teries.

Senator LANKFORD. So why aren’t we getting more of those rare
earths and critical minerals from here in the United States? We do
have things like lithium here. North Carolina has that. But what
has been the challenge that we have had of actually doing more of
that production here? Cobalt—we are still very, very dependent on
the Congo and a tremendous amount of child labor that is hap-
pening to be able to do that mining there. So what can we do to
develop more of that here in the United States?

Mr. MUELLERWEISS. Well, others on the panel may be able to
speak more on the mining, but what I can tell you, certainly re-
lated to cobalt, is that that is a significant concern, not only for us,
but the entire battery industry. We're a part of the World Economic
Forum’s Global Battery Alliance that has a cobalt initiative that is
specifically focused on responsible sources, but I would defer to oth-
grs on the panel on the mining capabilities here in the United

tates.

Senator LANKFORD. Would someone else want to make a com-
ment on that?

Ms. SPEAKES-BACKMAN. Senator, I would appreciate the oppor-
tunity to comment on this. This is Kelly Speakes-Backman.

Secretary Granholm has spoken to this very Committee and has
made a commitment to really look and work with you all on how
we can better source safely and responsibly the critical materials
that are here. But in addition to that, she also has supported a
three-pronged approach really of number one being able to lessen
the need for these critical materials by diversifying our supply, get-
ting away from some of these areas that are just not acceptable to
be taking these critical materials. Second is in being more sustain-
able in the way that we do that work, and third is reuse and recy-
cling. I understand that this is some new work that’s being done,
but I can tell you that at the Department of Energy we have the
ReCell Center, which conducts research and development specifi-
cally focused on economically direct recycling from batteries. Our
Critical Materials Institute at the Ames National Lab focuses on
materials recovery, and we’re working with the Departments of
Commerce and Defense, and we recently launched a federal consor-
tium on advanced batteries to address just these issues.

Senator LANKFORD. Okay. Let me do a follow-up question for you
as well. It has been a challenge for us just in the Federal Govern-
ment, period. If I go back to the 1970s, it was federal policy at that
point to say we are running out of natural gas, and so we need to
shift all of our power generation to coal because we have plenty of
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coal and we are running out of natural gas, and so all of our incen-
tives turned that way. We have watched this occur, even in wind
power. When wind power was nascent, we did a tremendous num-
ber of incentives to be able to help pick it off the ground. It is prof-
itable. It is definitely off the ground at this point. It has been a
great energy source for us for power generation. But we still seem
to struggle with all of these different incentives that are built-in for
wind, even though it is certainly not a nascent technology anymore.

So my question for you is, how do we learn the lessons of the
past to be able to make sure that whatever we are incentivizing for
the future of clean energy, that we are not actually picking winners
and losers here and actually driving some out in the process of ac-
tually trying to help others?

Ms. SPEAKES-BACKMAN. I appreciate that question. I think there
are a number of ways that we can work toward incentives that
allow for innovation. I think that’s a lot of the important work that
we're doing, but it’s not just on the incentives, it’s also on the early
research and development, and the Department of Energy certainly
is a world leader in that aspect. When it comes to incentives such
as tax incentives and such, there is discussion on technology-
neutral tax incentives. That’s certainly worth a conversation. And
I'd really love to have that conversation with you to talk through
what the best path forward might be.

Senator LANKFORD. Okay. Glad to be able to have that dialogue.

You had mentioned by 2050 trying to be at a carbon-neutral en-
vironment. Is that for transportation or is that for power genera-
tion as a whole?

Ms. SPEAKES-BACKMAN. Yes, sir. We are looking to follow the
President’s directive to have a carbon-neutral grid by 2035 and be
carbon-neutral economy-wide not later than 2050. So that includes
transportation. It includes more energy efficiency. It includes more
grid-interactive buildings. It includes a sustainable industrial sec-
tor and it includes transportation, sir.

Senator LANKFORD. Is there any particular fuel that is in that,
that you look to say by this point, by 2035, we will need to have
that completely eliminated because as you mentioned before with
hydrogen, you are still talking about using blue hydrogen from nat-
ural gas. Is that gone by 2035? Is that gone by 2050? What is your
model there for certain fuels that would disappear by then?

Ms. SPEAKES-BACKMAN. I really appreciate that question. Really,
it’s more of a focus on what fuels do we need to deploy in order
to get to that carbon-neutral space. So that is including bio ener-
gies. It’s including hydrogen and it’s including electrification of our
transportation sector. And not one-size-fits-all. This is about find-
ing what applications fit best with what fuels, rather than figuring
out what we’re going to be carving out and shutting down. It’s real-
ly about what can help us get to that goal of 2050.

Senator LANKFORD. Yes, I get that. It was interesting, though.
We had a hearing just last week. We talked about trying to be able
to move power that was done by renewable sources from one state
to another. We have states in the West that they actually started
working on transmission lines in 2007 and they do not have a sin-
gle one of the lines up yet because we are still going through the
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permit and the study process. They hope to actually break ground
on the first of their transmission lines within the next two years.

So when we talk about trying to be able to eliminate certain
items by 2035, and then we realize just moving electricity over a
couple of states, in some of our states, already has taken 13 years
and it is not actually put in a tower yet. We realize 2035 is really
not very far away and one of the challenges we are going to have
is to try to say “What are we doing with vehicles? What has to hap-
pen to the permitting? What has to happen in the process?” And
what actually needs to occur for those that are in poverty to not
be driven to a very expensive vehicle of $50,000, $60,000, $70,000
that they cannot afford. And so that suddenly, vehicles are on the
top shelf, only for a select few because you are not in the mix. So
trying to be able to strike that balance—that we are not actually
pushing people in poverty into more isolation, or to be able to set
a goal that we already cannot achieve based on what we have seen
in the past, unless we clean up some of our permitting process.

The CHAIRMAN [presiding]. Senator Lankford, we want to thank
you for that great analogy. We are going to have to move on, if you
do not mind?

Senator LANKFORD. Thank you.

The CHAIRMAN. Senator Kelly.

Senator KELLY. Thank you, Mr. Chairman.

So in addition to EV use, efforts to develop and extend the life
of advanced high-capacity batteries are an important part of ensur-
ing grid reliability as our nation transitions to renewable energy
production. We also need a secure supply chain for these materials,
but the transition to advanced batteries will not happen overnight,
which is why I am a proponent of federal and private R&D into al-
ternative energy technologies. And I believe we may be only
scratching the surface of advanced battery technology.

So this question is for Mr. Muellerweiss. Clarios manufactures
and recycles batteries and one of your distribution plants is located
in the State of Arizona in Yuma. So my questions for you: have
manufacturers of advanced batteries settled on the chemical make-
up, whether it be for the use in EVs or for renewable energy stor-
alge %nd how does that affect your efforts to perfect battery recy-
cling?

Mr. MUELLERWEISS. So there is a current generation of chem-
istries that is being used in electric vehicles today, but as we heard
from some of the other panelists, and I noted in my testimony,
there is incredible work being done in the national labs, you know,
particularly at NETL, at Argonne and NREL, really looking at
other chemistries besides what has been traditionally used or is
predominantly in the market today. And I think, as has been high-
lighted by others today, there are some unique opportunities and
benefits from chemistries that may not require the kind of rare
earth or the availability of materials that are in limited supply
here in the United States. And I would say that that’s the really
exciting point about where we’re at in this new battery economy.
We're just getting started, Senator. And it’s the work at the na-
tional labs. It’s unleashing the private sector and it’s really focus-
ing on the opportunities ahead that, I think, are really going to cre-
ate new opportunities, new fast forward.
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I also mentioned in my testimony that there’s no one silver bul-
let, no one single solution that’s going to solve these problems.
There are unique chemistries with unique attributes that are per-
fectly suited for stationary energy storage to help buffer EV charg-
ing stations, to extend the grid, others that may be more applicable
for EVs and mode of power. And so we're just scratching the sur-
face, as you mentioned, and I think the great work at DOE is just
a great starting point and a jumping off point for that work to con-
tinue.

Senator KELLY. Could you give me an example of one of these
new chemistry makeups, the new technology?

Mr. MUELLERWEISS. So Senator, my role isn’t as a technologist.
I'm not an engineer. I focus on looking at the life cycle and the re-
sponsible management of those batteries. But I can tell you we’re
looking at and working with Argonne and several of the national
labs on other chemistries than they use—magnesium, sodium,
other forms of lithium, other combinations of lithium that may
make it easier to recycle. So there’s a myriad of different solutions.
And that’s why the work and the modeling work, particularly of Ar-
gonne, the ReCell facility that was mentioned and the EverBatt
modeling capabilities are so critical because they are building an
inventory of this variety of different chemistries, variety of dif-
ferent combinations and what the impacts would be upstream in
terms of raw materials and downstream in terms of end of life and
in terms of greenhouse gas emissions.

Senator KELLY. Well, with the understanding that the develop-
ment of these technologies often takes some time, will we be able
to achieve a capacity for recycling batteries any time soon that will
supplant the development of our domestic reserves of lithium and
our need to import cobalt and additional lithium from other na-
tions?

Mr. MUELLERWEISS. Well certainly, I think it was mentioned ear-
lier that, you know, the initial supply source is going to come from
somewhere. The ability to recover and reuse that material at the
end of life of batteries is critical to complement the supply of raw
materials from mines and other locations around the world. But
what is really promising is the ability to take the increasing vol-
ume—I mentioned there’s over 200 million pounds of used lithium-
ion batteries from EVs that are expected in the very near future.
To be able to look at those as a critical resource to complement
what was originally mined is really something that we think is
within reach.

And I also want to point to the Lithium-Ion Recycling Prize as
one of the key paths forward. It’s really challenging the private sec-
tor. We’re working with a number of private-sector companies in
our team to really find a way to accelerate and have that step
change to achieve the kind of lithium-ion recycling that I men-
tioned in my testimony.

Senator KELLY. Thank you. Thank you for your testimony.

Mr. MUELLERWEISS. Thank you for your question.

The CHAIRMAN. Thank you, Senator.

Now we are going to have Senator Marshall.

Senator MARSHALL. Thank you, Chairman, it is good to be back.
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My first question is for Mr. Satterthwaite from Cummins. Mr.
Satterthwaite, let me start by saying thank you for your footprint
in Kansas. I actually used your services in Wichita for a generator
a couple years ago. I want to talk about energy, just for a second
and power, and really I'm going to focus in on power. In the world
I live in, we need power. We need power for the tractors to pull
a big implement or a large combine. Or I think about the trains
that haul our wheat and products to Mexico and across the coun-
try. I think about our big semi-trucks full of cattle. We need power.

And what seems counterintuitive to me with electric motors

The CHAIRMAN. Senator, excuse me one second. Would someone
mute their mic, if they would. Maybe it is on—there we go. Who-
ever that was, thank you.

Go ahead, Senator. I am sorry.

Senator MARSHALL. That is all right. Hopefully, Mr.
Satterthwaite is hearing my question.

It seems counterintuitive to me when you are trying to get power
from electric motors that they weigh so much you would have to—
disproportionately, you have to add more and more electric genera-
tors, electric motors and you lose so much of that power just to sup-
port the weight of it versus your traditional combustion engines—
we just, you know, we keep adding cylinders. So it seems to be
more efficient when you are looking for power. What does
Cummins think about the power situation from electric motors?

Mr. SATTERTHWAITE. Thank you for your question, Senator.
Cummins is investing in all technologies right now, internal com-
bustion, diesel, natural gas, and as I mentioned, also battery elec-
tric. We see real tradeoffs between the power density, the amount
of power you can generate for the amount of weight that you're
putting on a vehicle and we still see that tradeoff as being very
challenging for batteries. The more power you need, the more the
batteries weigh and you lose, to your point exactly, you lose pay-
load.

And so, we believe that the right technology for power-dense ap-
plications is hydrogen fuel and a hydrogen fuel cell which can oper-
ate and deliver power much more equal to the current diesel en-
gines for the same or lower weight and that’s the entire weight of
the system. So that would include the fuel cell, the tank, and the
hydrogen and our comparisons are always against the diesel engine
today with the tank and a tank full of diesel. So we do see chal-
lenges for electric batteries in these power-dense applications, as
you mentioned, and we are investigating hydrogen to try to
resolve—try to provide zero emissions and still get the same power
and——

Senator MARSHALL. But, if I could interrupt just to kind of move
on here. If, in the meantime, while we are waiting on that tech-
nology, what has been the impact to biodiesel and renewable diesel
on the carbon footprint of your diesel engines? Do you see that as
a great opportunity to keep decreasing our carbon footprint?

Mr. SATTERTHWAITE. Cummins does. All of our engines are cer-
tified to B20 so they can run on 20 percent biofuel mixed with reg-
ular diesel. Current amounts of biofuel that I recall are available
in the U.S. only allow really what we call B5. So there is an oppor-
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tunity to use more biodiesel and reduce emissions that way, but re-
newable diesel is quite exciting.

Senator MARSHALL. Yes.

Mr. SATTERTHWAITE. And the most exciting part about renewable
diesel is it can reduce emissions in our existing fleet of trucks and
other diesel-powered equipment that are on the road today. So
we're not just changing the future, we’re actually improving the
current fleet significantly.

Senator MARSHALL. So the renewable diesel looks just like tradi-
tional diesel to your engines?

Mr. SATTERTHWAITE. Yes, based on what we know so far, Sen-
ator. The details, of course, are important and I'm not aware of
every renewable detail, but in general, that is the perspective we’re
taking and the benefits are real.

Senator MARSHALL. Great, thank you.

I am going to move to Ms. Speakes-Backman. Welcome. Are you
familiar, is there any data out there that show the carbon footprint
to build an electric car versus to build a traditional combustible en-
gine car?

Ms. SPEAKES-BACKMAN. Thank you for your question, first of all,
and I really appreciate your thoughtfulness in thinking through the
life-cycle carbon impact of the vehicles. I will have to get back to
you on the specific data points, but I am absolutely sure that we
have that, but I will certainly get back to you on that response.

But again, I appreciate the way you’re thinking through the life
cycle of the

Senator MARSHALL. Right, yes. I've got to continue through the
life cycle, from an electrical generation standpoint to produce the
energy for an electric car versus using renewable diesel or bio-
diesel, are you—are there metrics out there for that as well?

Ms. SPEAKES-BACKMAN. Thank you again for the question. We
examine, at the Department of Energy and across our Sustainable
Transportation Office, we examine different types of fuels that are
carbon neutral or carbon zero fuels that can impact each of the dif-
ferent applications. So we're looking at electric vehicles for the
light duty vehicle type and passenger cars. We look at bio——

Senator MARSHALL. But when you say carbon zero, are you refer-
ring, I mean, certainly to generate electricity for any type of elec-
tric car uses carbon. You use carbon to generate the electricity. And
that is what I am trying to figure out—how much carbon do we use
to make renewable diesel versus the electricity for a car, and that
is certainly a metric we should be able to get, I would think.

Ms. SPEAKES-BACKMAN. Certainly, and we’ll be certain to follow
up with you.

Senator MARSHALL. Okay. One more—my last question for you.
How do we measure the environmental impact of disposing of the
batteries?

Ms. SPEAKES-BACKMAN. Thank you for that question as well. We
are working on a number of initiatives on recycling and reuse and
their carbon impact. We’ve mentioned a few of those programs ear-
lier today with the ReCell and the prizes that we have going. We're
working on that aspect.

Senator MARSHALL. Well, I know there is a future, that we are
hoping we are able to recycle, but right now, certainly, there is an
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environmental impact—to do something—as we dispose of the elec-
tric batteries. How are we measuring that impact?

Ms. SPEAKES-BACKMAN. Certainly, we are measuring that impact
with respect to the electric vehicles as well as all types of vehicles,
whether they be internal combustion or electric vehicles.

Senator MARSHALL. Okay. Thank you and I yield back.

The CHAIRMAN. Thank you, Senator.

We will go back to Senator Hoeven at this time.

Senator HOEVEN. Thank you, Mr. Chairman.

The CHAIRMAN. Oh, I am sorry. Senator Hoeven? I am so sorry,
I have to go to Senator Hickenlooper first, then I will come to you.

Senator HOEVEN. That is what I thought. Absolutely.

The CHAIRMAN. Senator Hickenlooper, I am sorry.

John, you are on mute, buddy. There we go.

I am sorry, brother. I did not mean to knock you off.

Senator HICKENLOOPER. Am I off mute?

The CHAIRMAN. You are on now. You are on, sir.

Senator HICKENLOOPER. Okay.

Small businesses are at the forefront of the clean energy econ-
omy and I think promoting these new technologies in renewable
energy and energy efficiency takes on increasing importance. As we
discussed today, the transportation sector is responsible for the
largest share of U.S. greenhouse gases and, given the urgency of
climate change, it is critical that we use every tool to address this
head-on.

So Ms. Speakes-Backman, how can DOE better partner with
small businesses and universities and the federal labs to accelerate
the innovation that is going to ultimately lead to a more successful
addressing of the climate challenge?

Ms. SPEAKES-BACKMAN. I so appreciate that question, Senator,
and thank you for your leadership in the work that you do.

There are a number of ways that the Department of Energy,
through its funding opportunities, encourages small business in-
vestment. One of those—we actually just had a roundtable of small
businesses through our Advanced Manufacturing Office, where we
work on, actually, workforce training. They are college students
learning how to do energy efficiency upgrades as well as making
sure that those upgrades are applied to small businesses. We also
have a small business investment research program and a number
of different ways that we are looking to expand our involvement
with small businesses at the community level and at the state
level. So thank you very much for that question.

And if you have more ideas, we are thinking through our big
ideas across Department of Energy and within EERE and espe-
cially within the Vehicle Technologies Offices.

Senator HICKENLOOPER. Great, thank you.

The Advanced Technology Vehicle Manufacturing Loan Program,
which has supported the manufacturing of light duty vehicles and
the qualifying components, how can that direct loan program better
support the small manufacturers, the guys who are just getting off
the ground, but are beginning to get some momentum and help
make this an emerging industry?

Ms. SPEAKES-BACKMAN. Yes, thank you for the very direct ques-
tion. The Loan Program Office program really focuses on the light
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duty vehicles only, but not all small businesses are working just on
the light duty vehicles, some are looking at medium duty vehicles
and some are doing a longer haul. And so being able to use that
funding source to apply to a larger spectrum of what we know can
help reduce carbon across our transportation sector would certainly
be helpful across the hydrogen work that we do and across the
biofuels that we work with.

Senator HICKENLOOPER. That is great. I am so enthusiastic about
this. As we get more resources to these smaller manufacturers and
to smaller partners with DOE the rate of innovation is going to
continue to increase.

Ms. SPEAKES-BACKMAN. Absolutely.

Senator HICKENLOOPER. I yield the rest of my time.

The CHAIRMAN. Thank you, Senator.

Before I go to Senator Hoeven, Senator Barrasso.

Senator BARRASSO. Thanks, Mr. Chair.

Just to put into the record a few things. I have a letter from the
National Association of Convenience Stores, the National Associa-
tion of Truck Stop Operators, and the Society of Independent Gaso-
line Marketers of America. The letter outlines the groups’ rec-
ommendations to improve the environmental characteristics of
transportation fuels. I ask unanimous consent to introduce that,
Mr. Chairman.

The CHAIRMAN. Without objection.

[Letter for the record follows:]
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Senator BARRASSO. And I have a March 13th article published by
Bloomberg, entitled, “Electric Cars Will Cost More Using Ethically
Sourced Batteries.” The article discusses a report from a panel of
scientists to the European Union outlining the child labor and
human rights abuses associated with cobalt production in Congo—
some of the things we have discussed here, and it goes on with the
risks associated with lithium, natural graphite, manganese, and
nickel. And unanimous consent, also, to admit that.

The CHAIRMAN. Without objection.

[Bloomberg article follows:]
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Senator BARRASSO. Thank you, Mr. Chairman.

The CHAIRMAN. Senator Hoeven.

Senator HOEVEN. Thank you, Mr. Chairman, and I appreciate
the witnesses being here.

I would like to start with Ms. Speakes-Backman. In North Da-
kota, we are working very hard to do what we call, “crack the code”
on carbon capture and storage. Obviously, it is technologically fea-
sible. But we have got to make it commercially viable or commer-
cially feasible to do it from our coal-fired electric plants. We are
also doing it with the CO: from ethanol plants. And we have put
the regiment in place in our state to do it, and we are EPA-ap-
proved. Now we need DOE’s help to put the equipment on these
plants to separate and capture CO2, and like I say, do it in a com-
mercially viable way.

So A, we would ask for your help in that endeavor and link it
to one of the things we are talking about today, which is hydrogen
as a fuel source. So please tell me if you are committed to helping
us get that done and how we are going to do it together.

Ms. SPEAKES-BACKMAN. Thank you so much for the question. I
keep flipping on and off my volume there.

Certainly, carbon capture and storage, as part of the Department
of Energy’s Fossil Energy Office, has been working very hard and
I have had the joy to work with Jen Wilcox, who is leading that
effort to see where we can collaborate, especially on issues of car-
bon capture and how it may be involved in the development of hy-
drogen for a cleaner energy support. And I really look forward to
working with you to see how we can leverage across all the energy
offices. We have Fossil Energy, EERE, of course, the Office of Elec-
tricity, to make sure that we can work toward less carbon-intense
fuel sources across the energy sector.

Senator HOEVEN. Well, that is it exactly—and we already have
partnership arrangements with you at DOE and so are you com-
mitted to work across the different entities within DOE, help co-
ordinate their efforts in support of this objective?

Ms. SPEAKES-BACKMAN. Yes, sir. I am happy to coordinate and
collaborate across the other offices within DOE.

Senator HOEVEN. Thank you and we very much look forward to
working with you to do just that. So thank you so much for your
response.

Mr. Satterthwaite, in Dickinson, we have a facility that we are
working now. It was actually originally constructed as a diesel fa-
cility to produce diesel from oil, but now we are actually converting
that to a renewable diesel facility that would produce about 12,000
barrels per day of renewable diesel from corn and soybean oil. Talk
to me a little bit about what you see for—first, that it is usable in
any current diesel engine. Is that correct? And then talk about
some of the benefits and what you see as the marketplace for the
renewable diesel.

Mr. SATTERTHWAITE. Thank you, Senator.

I'll first start by saying I'm not a fuels expert so I can’t speak
specifically to the fuel, but it is my understanding that the renew-
able diesel fuels that are being developed are interchangeable and
usable, definitely, in Cummins’ diesel engines, but I think across
the industry and with our competitors as well. And so the huge
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benefit and opportunity I see for renewable diesel is not just the
opportunity to put new product into the market that is low emis-
sions, but to actually reduce the emissions of every single engine
that’s in the market and working today. That is the big oppor-
tunity, both from a market and a carbon reduction perspective.

And so we are excited by the opportunities of low-carbon fuels
and what that can mean to reducing the carbon impact of not only
tomorrow’s products, but yesterday’s and today’s products as well.

Senator HOEVEN. Thank you.

And I am probably not going to get this name just right, but I
am going to try, Nkurunziza? Sir, if I didn’t get your name correct,
I apologize, but talk to me about getting some of these rare earth
elements out of coal, instead of from China. That is something that
we are working on. Do you think that is something that should
have strong support from the DOE and something that we can do?

Mr. NKURUNZIZA. Thank you for the question.

I think now, even America is producing rare earths again. It has
the Mountain Pass Mine in California that had been closed for sev-
eral years. It was closed, I think, in 2002. So now it’s back in oper-
ation. It was closed because of environmental concerns. Now again,
coming back with new technologies, I think they are now able to
mine rare earth again. And America now is becoming again, a lead-
er, really, in the production of rare earth.

Now, the other point I made earlier is that there are other coun-
tries other than China, where you can find these rare earths—Aus-
tralia, a few countries in Africa, and some of them are actually
underexplored. So I think exploration is also something that maybe
presents a number of opportunities for American firms. I think
America is back, really, in the rare earth sector and I think that
is very good for the American economy.

Senator HOEVEN. Thank you, sir. Thank you, Mr. Chairman.

The CHAIRMAN. Thank you, Senator.

Are there any other Senators that we have or on video here that
wish to speak?

[No response.]

The CHAIRMAN. If not, I want to thank all of the witnesses for
joining us this morning for your discussion. Your input was ex-
tremely, extremely helpful for all of us and I am sure we will be
calling on you further as we move legislation.

Members will have until close of business tomorrow to submit
additional questions for the record.

The CHAIRMAN. The Committee stands adjourned.

[Whereupon, at 11:43 a.m., the Committee was adjourned.]



APPENDIX MATERIAL SUBMITTED

(147)



148



149



150



151



152



153



154



155



156



157



158



159



160



161



162



163



164



165



166



167



168



169



170



171



172



173



174



175



176



177



178



179



180



181



182



183



184



185
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Reduce our Reliance on Foreign Supply Chains, and Increase Manufacturing in the United States
Questions for the Record Submitted to Mr. Edmund Adam Muellerweiss

fithium-ion EOL batteries will still retain 80% capacity and be good for other applications, it is important to
coordinate innovations in the second-life applications and define the automotive 1+ life ending and the “forever-
life” ending. We also believe the best second life for purpose designed battery packs for vehicles is back in use
in the vehicles they were used in after refresh or remanufacturing.

The logistics need to be built to address these complexities. For example, for the safe transport of used
batteries, we need to have a solution to diagnose and sort those EOL fithium-ion batteries. Having innovative
ways to diagnose whether a battery should be recycled or should be re-used in another application — across
battery types and chemistries — will be key to building up and applying efficient logistics and transportation.

b. Who should be responsible for the removal and retrie val of EV batteries at the end of their
useful life in a vehicle to ensure they are recycled? Given their size, this may be a heavy
burden to place on consumers alone.

In the United States, policy and government regulations help guide this process. Most U.S. states have core fee
laws (battery deposits), which ensure that there is an incentive for people to bring their battery back. In almost
every state, when you buy a new battery, they either charge you a deposit fee or take your old battery. This
supports reuse of materials in our cycle, and compliments government regulations that prohibit unlawful
disposal of lead-acid batteries in landfills. This system create a financial incentive for the customer (or other
logistical partner, such as a scrap collector) to return the battery — and for auto repair shops and aftermarket
retailers to assume the logistical burden from the customers and collect these batteries for return. Government
regulations that create the incentive for used batteries to be returned into the supply chain are critical toa
circular economy.

Questions from Ranking Member John Barrasso

Question 1: To what extent is the electric battery manufacturing industry concerned about the child
labor, human rights abuses, and local environme ntal degradation connected to the overseas production of
miuerals necessary for battery-powered electric vehicles?

Question 2: What, if any, specific steps are electric battery manufacturers taking to ensure they do not
use minerals that are conuected to child Iabor, human rights abuses, and local environmental
degradation?

(Answer to Senator Barrasso 1 & 2)

Clarios is a member of the World Economic Forum’s Global Battery Alliance (GBA) “to catalyse, connect and
scale-up efforts to ensure that the battery value chain is socially responsible, environmentally and economically
sustainable and innovative.” To help companies and governments, the Global Battery Alliance designed 10
guiding principles for the creation of a sustainable battery chain by 2030. 42 organizations, including businesses
from mining, chemicals, battery, automotive and energy industries, representing annual revenue of close to a
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Questions from Senator Steve Daines

Question1: Inorderto increase electric vehicle production you have to also increase the domestic
development or the importation of critical minerals to build the batteries and components needed to
deploy more EVs. If responsible production does not happen in the U.S. it will happen in countries with
worse environmental and labor standards. For example, the Democratic Republic of the Congo produces
the vast majority of the cobalt that is used in EV batteries.
a) How can the U.S. reverse this and bring back domestic production and manufacturing of critical
minerals?
b) Does it concern you that the U.S. is reliant on foreign countries for critical minerals used in the
trans portatioun industry?
¢) How is tbe supply chain affe cted when we rely on Chiua and foreign countries for critical
minerals?
d) We have seenrecent moves by China to restrict Rare Earth Elements exports. Has this or will
tbis affect EV production?
e) What are the key critical minerals needed to reduce emissions in the trans portation industry?

Today, the U.S. is heavily dependent on foreign sources of raw materials and battery components for fithium-
ion batteries. China dominates fithium sourcing, refining, and cell manufacturing, accounting for approximately
75 percent of global fi-ion battery production, and 92% of the global lithium supply chain. Today, evenaU.S.-
built EV battery is made predominantly of materials and components sourced from China or china~owned
businesses.

This has profound implications for the future of EVs and stationary storage. It is also concerning from
geopolitical standpoint -~ we do not want to build a new ecosystem in which the United States is dependent on
foreign resources. The implications are that trade and other political disputes could have widespread supply
chain impacts. The US should take deliberate action to ensure a sustainable and reliable supply chain for
battery critical materials.

Much attention has rightly focused on ensuring supplies of critical minerals though domestic resource
development and partnerships with mineral-producing countries. These are important and critical steps.
However, to complement these efforts, we need a U.S.-based advanced battery design, manufacturing, and
recycling program — a true “battery economy” initiative, that takes the entire lifecycle into account — from
initial extraction of minerals, to design and manufacturing, through lifetime use, collection and then recycling,

This would give us greater leverage in choosing from whom the U.S. buys raw battery materials, while also
increasing our domestic materials refining and cell production capabilities. The policy of the U.S. should be to
move toward creating a domestic “battery economy” by owning or controfling the process of making cells and
batteries, here in the U.S.
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Qnestions from Ranking Member John Barrasso

Question 1: In 2020, China controlled about 60 percent of the natural graphite and rare earths
produced globally. To what extent is mineral production or processing in China associated with the
human rights abuses against the Uighurs?

We do not have information linking Chinese human rights abuses against Muslim Uyghur workers in the
Xinjiang province with production of natural graphite and rare earths.

Question 2: What is your organization doing to help companies with responsible sourcing ol
minerals?’

The United Nations provides several guidelines for companies to ensure that they are not complicit in
financing conflict or human abuses with respect to sourcing of raw minerals. These include mineral
traceability; certification mechanisms for conflict minerals; due diligence guidance for importers,
processing industries and consumers of minerals regarding the purchase, sourcing, acquisition, and
processing of mineral. For example, the United Nations Group of Experts on the Democratic Repubfic of
the Congo provides “due diligence guidelines for the responsible supply chain of minerals from red flag
locations to mitigate the risk of providing direct or indirect support for conflict in the eastern part of the
Democratic Republic of the Congo; criminal networks and/or perpetrators of serious human rights abuses
... (see Para 356 to 369, part IX of the final report $/2010/596).%

The United Nations Conference on Trade and Development (UNCTAD) has also developed the UNCTAD
Investment Policy Framework.® Fostering sustainable development and responsible investment
particularly by foreign multinational enterprises are key elements of the framework.

Questions from Senator Lisa Murkowski

Question 1: The U.S. has strict labor standards in place through the Fair Labor Standards Act and
stringe nt environme ntal re gnlations such as the National Enviroumental Policy Act, the Clean Air
Act, the Clean Water Act, and so much more. Holding companies accountable to environme ntal
regulations has advance d te chnologies that maximize production efficiency while mitigating impacts
to the environment. Do you agree that the U.S. has the workforce and technology needed to extract
and process minerals in an environmentally responsible way?

The United States has leading institutions in mining engineering such as Colorado School of Mines,
Massachusetts Institute of Technology (MIT) and Stanford University, that prepare graduates for the

7 hitps//www.oecd .org/corporate/ mne/minin g htm
¥ hitps://undocs.org/pdf?symbol=en/S/2010/596
? hitps://unctad.org/systeny/files /official-document/diacpeb2013d3_en.pdf
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Questions from Chairman Joe Manchin ITT

Question_1: The Toyota plant in Buffalo, West Virginia employs over 2,000 West
Virginians in Putnam County. And our proud tradition of transportation manufacturing
will continue with the recent announcement that Hino will begin production of Cummins
powered trucks at their plant in Mineral Wells, West Virginia in October 2021.

a. What opportunities do you see fornew manufacturing jobs within your companies
as these trans portation te chnologies emerge?
Toyota’s investment in manufacturing operations is contingent on demand side
fundamentals to ensure sustainment of manufacturing jobs during times of growth and
also during periods of downward pressure on markets. As the market demand for
hybrid-electric, battery electric and fuel cell electric vehicles increases in the U.S.,
we see an opportunity for manufacturing growth for light medium and heavy-
duty vehicles. However, we think it is premature to predict the net growth of
manufacturing jobs because elements of existing work force will naturally shift
from assembly of internal combustion engine (ICE) vehicles to assembly of the
newer zero emission vehicles over time.

b. How else can we ensure these jobs go to places that have been impacted by the
energy transition?
The availability of a skilled workforce and establishment of advanced manutacturing
training (AMT) program pipelines through partnerships with vocational schools and
community colleges is essential to the success of our manufacturing operations. The
West Virginia Federation for Advanced Manufacturing Education (WV FAME) in
partnership with BridgeValley Technical and Community College is an exemplar
model for those regions impacted by the energy transition who are looking to attract
manufacturing operations.

c¢. How can we ensure trans portation manufacturing jobs do not get offshored?

Sustaining a long-term competitive advantage in transportation manufacturing requires a
commitment to innovative designs, the highest quality, just-in-time inventories, waste
elimination, and team member participation. OEMs can best design, develop and build
high quality transportation and mobility products in markets that provide durable
economic conditions and competitive wage rates. Creating regulatory environments
that are consistent and stable, along with ample access to a competitive workforce, will
atract new manufacturing and ensure existing manufacturing operations remain in the
United States. Additionally, hydrogen (H2) production for fuel cell vehicles can be
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entirely achieved domestically. This would ensure domestic jobs related to the
production of H2, delivery of H2 and H2 fueling infrastructure would be preserved.

Questions from Ranking Member John Barrasso

Question 1: Your testimony stressed the importance of keeping options open. Refueling
infrastructure is a key concern for vehicles running on alternative fuels. What are the most
urgent challenges with respect to refueling infrastructure for vehicles running on
compressed natural gas (CNG), liquefied natural gas (LNG), or hydrogen?

At Toyota, we are focused on the customer experience. Convenience is critical. If fueling and

operating a vehicle does not meet the lifestyle needs of the customer, they will purchase a vehicle
that does meet their lifestyle needs. Fueling locations must be in proximity to customers’ homes
or travel locations, and the fuel must be readily available for customers to purchase. In order to
satisfy these two conditions for vehicles running on alternative fuels, we need investment in
downstream public retail fueling locations, midstream distribution infrastructure and upstream
production. Many of these investments are happening now. Companies are expanding the number
of fueling stations and making investments in new distribution and production assets.! The federal
government can facilitate by providing tax incentives to support the expansion of fueling stations,
investments in production and distribution. Further, the federal government can support consumer
purchase incentives, which would provide investment certainty that encourages manufacturers to
finance even more production and build out infrastructure.

Question 2: The United States is the world’s largest producer of natural gas, an ideal
feedstock for hydrogen. Your company als o is making big inves tments inhydrogen fuel cells.
Is it fair to say that Toyota sees a commercial future where American consumers have
technology choices beyond batte ry-powered electric vehicles?

Toyota has long maintained that hydrogen fuel cell electric vehicle (FCEV) technology could be
a zero-emission solution across a broad spectrum of vehicle types. We will continue to develop
and launch FCEV:s fueled by hydrogen, which is regarded as a highly promising energy carrier for
the future.

! See Electric Vehicle Charging Infrastructure Trends from the Alternative Fueling Station Locator: First Quarter
2020, NATIONAL RENEW ABLE ENERGY LABORATORY (Oct. 2020), https//www .nrel gov/docs/fy200sti/ 77508 pdf;
Global Market for Hydrogen Fueling Stations, 2021 - Distribution of Stations Will Be More Evenby 2035,
BusINESs WIRE (Mar. 8, 2021), https://www.businesswire.com/news/home/20210308005510/en/Global-Market-for-
Hydrogen-Fueling-Stations-2021---Distribution-of-Stations-Will-Be-More-Even-by-2033-but-APA C-Will-
Continue-to-Lead-the-Market-Followed-by -Furope---ResearchAndMarkets.com.
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Question 3: Can you compare the differences, from the consumer’s perspective, in the
refueling experience of a hydrogen fuel cell, natural gas powered vehicle, and a battery-
poweredelectric vehicle?

From a customer experience perspective, fueling a hydrogen fuel cell electric vehicle is very
similar to fueling a gasoline vehicle today.? According to the Office of Energy Efficiency &
Renewable Energy (EERE), a consumer can drive to a hydrogen fueling location, typically a
traditional gasoline station, refuel in about 5 minutes, and drive away.? Whereas, the EERE reports
that the charging of a battery electric vehicle typically occurs at home.* The customer plugs the
vehicle into a typical 120 volt outlet (“Level 17 charging) or into an upgraded 240 volt outlet
(“Level 27 charging).” Most customers that utilize Level 1 or Level 2 at their residence rarely
recharge from empty, but instead, they just top off. Customers who do a significant amount of
driving, need to charge away from their residence, or do not have access to charging at their
residence, however, will need access to public retail charging. And, according to Kelley Blue
Book, charging times at public charging locations will depend on battery capacity, the amount of
energy that could be delivered at that location, and the queuing time associated with competing
battery-powered electric vehicle (BEV) drivers also trying to recharge.® Times can vary from tens
of minutes (for a high power fast charger) to multiple hours (for lower power delivery chargers).”

Question 4: Responsible sourcing of critical materials used in the batteries and other
components of electric vehicles (e.g., magnets)is an increasing area of concern. Are there
any sourcing issues associated with minerals used in fuel cells, such as platinum, which as
you testified is used in both fuel cells and catalytic converters?

Similar to the production of catalytic converters, the production of platinum group metals (PGMs)
is needed for the manufacturing of fuel cells.® Palladium (average 15 ppb) is the most abundant
PGM, followed by platinum with 5 ppb and rhodium with about 1 ppb. Currently, we have not
experienced degradation of supply-side availability of PGMs for manufacturing of catalysts or fuel
cells. And the outlook for mining production PGMs is better for the year ahead and projected to

2 See Fueling the Toyota Mirai, TOYOT A, https://www.toy ota.comvcontent/ebrochure/2021/mirai_fueling_V11.pdf.
? See Hydrogen Basics, DEPARTMENT OF ENERGY™S ALTERNATIVE FUELS DATA CENTER,

https://afdc.energy. gov/fuels/hydrogen_basics himi (last accessed on April 12, 2020).

* See Charging at Home, DEPARTMENT OF ENERGY’s OFFICE OF ENERGY EFFICIENCY & RENEW ABLE ENERGY,
httpsy//www.energy.gov/eere/electricvehicles/charging-home (last accessed on April 12, 2020).

*Seeid.

¢ See ChanelLee, How Long DoesIt Take to Charge an Electric Car, KELLEY BLUE BoOK, (Mar. 15, 2021)
https://www kbb.com/car-advice/how-long-does-take-charge-electric-car/.

"Seeid.

& See Fuel Cells, DEPARTMENT OF ENERGY’S OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

htips://www encrgy.govieere/fuelcells /fuel-cells (last accessed on April 13, 2020).
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rebound to near 2019 levels.” Though the outlook has brightened, the South African platinum
supply remains contingent on the path of the pandemic and recovery from COVID-19.10

Question 5: How do the sourcing issues associated with the minerals used in fuel cells
compare to sourcing issues associated with minerals used in the internal combustion engine,
and, separately, battery-poweredelectric vehicles?

The emergence of hydrogen FCEVs have contributed to the growing demand for platinum.!! Both
FCEVs and traditional ICE vehicles use PGMs. A FCEV engine, however, requires about six
times more platinum than an ICE engine.!? Recent studies show that fuel cell electric vehicles
(FCEVs) contain 30-60g of platinum per vehicle, with a long-term target reduction to 10-15g of
platinum. ¥ Compared to an FCEV, an ICE vehicle uses 2-7g of total PGM content; high
palladium, low tono platinum and low rhodium. 4

China has become the dominant producer of rare earth minerals. It is expected that Chinese
chemical companies will continue to control much of the world’s total output of the 17 rare earth
minerals used in the manufacture of advanced batteries through 2021.%5 The sourcing of advanced
battery raw materials represents a challenge for U.S. manufacturing of BEVs. However, if the
U.S. emerges as a leader in manufacturing investments, a long-term and sustainable U.S. market
for the rare earths, and other critical components required for fuel cell and battery manufacturing,
is possible.

Question 6: How far into the future do you see vehicles powered by internal combustion
engines as being part of the global vehicle fleet? Are they going away any time soon?

We anticipate hybrids and plug-in hybrid vehicles, both of which utilize ICEs, will continue to
play a key, strategic role for many years to come based on current market conditions, consumer
demand and industry-wide battery capacity constraints for BEVs.

Question 7: Does the push for EVs in light-duty reduce market penetration of hybrid
vehicles?

¢ See Shree Kargutkar, Pandemic Provides Cotalyst f()ergiher Platinum Prices, SPROTT, (Mar. 29, 2021)
https://sprott.com/msig his/pande mic-provid es-catalyst-for-higher-platmum-prices/.
10 See id.

! See World Platinum In}]esmlent Council, Is Automotive Demandfoy Platipum Increasing or Decreasing? CME
Group, (Aug. 11, 2020), hitps://www.cmegroup.conveducation/articles-and-reporis/is-auiomo tive-demand-for-

platinum-increasing-or-decreasing.html,

2 Seeid.
B See id.
U See id.

15 See China Dominates the Global Lithium Battery Market, INSTITUTE FOR BNERGY RESEARC
https://www.mstituteforencrgyrescarch.org/rencwable/china-dominates-the-global-lithium-b alter\ -market/ (last

accessed on April 12, 2020).
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We believe that each powertrain technology has a role to play in developing the alternative fuel
vehicle market. Some technologies are better suited for certain applications than others and
ultimately, the consumer will — and should — decide which powertrain technology is right for their
lifestyle. As stated in my previous testimony, “[O]ur collective destination is a carbon free
transportation system and I believe we can get there. But our experience tells us it won’t happen
overnight, and it won’t be a single technology.” That is why Toyota will continue to provide a
portfolio of powertrain options, and why we remain very confident for the future of hybrid
vehicles. Hybrid vehicles are essential in getting to a zero-carbon future. We have sold over 4
million hybrids in the U.S., which saved 9.3 billion gallons of fuel over the life of these vehicles.
Those hybrids, over their lifetime, also prevented 38 million tons of CO2 from entering the
atmosphere. We believe that hybrids will continue meeting customer needs and continue to
contribute leading transportation to ever lower carbon emissions.

Questions from Senator Steve Daines

Question 1: Historically the United States has relied on the private sector to provide fuel for
vehicles and motorists. I believe the private sector is the most efficient and best fit to provide
the same services to the next generation of motor vehicles.

a. Do you believe that the private sector or the federal government should lead in
deploying charging stations for EVs?

While the private sector is best positioned to deploy charging sector infrastructure, the
federal government should take steps to enable EV market expansion by incentivizing the
adoption of EVs. Essential components of federal policy should include investments to
assist communities in building grid to charger infrastructure and efforts to raise consumer
awareness of the benefits of low and zero emission vehicles. !¢

b. If the federal government is to get involved in providing charging stations, do you
believe that there should be a level playing field between government owned and
subsidized charging stations and private owned charging stations ?

Together with reducing costs of EVs and increasing consumer awareness, there is a need
to address the “convenience parity” for charging BEVs and fueling FCEVs.!7 Increasing
consumer access and availability electric charging and hydrogen fueling infrastructure are

16 See Letter from Alliance for Automotive Innovation, e7 al. to President Biden (Mar. 29, 2021),

https://www autosinnovate.org/posts/communications/ Auto%20ndustry%20EV¥20Policy % 20Le tter%20t0%20Pre
sident%a20Biden %20March%2029%202021 . pdf.

7 See id.
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necessary in this effort to increase EV market expansion. ¥ Federal policy should promote
an all-of-the-above approach to charging infrastructure and ownership. An emphasis on
the development of public charging infrastructure, however, could assist in reducing
concerns over “range anxiety” and help build consumer confidence in electrified
technologies. 1 Stakeholders should to work together on a variety of public policy efforts,
including federal tax incentives, grants, and rebates to stimulate refueling infrastructure
development.2®  Approaches should focus on developing charging and fueling
infrastructure for homes, workplaces, along federal highways and in other public
locations.?!

What federal and state obstacles do you see as hindering private deployment of
charging stations?

At present, the economics of charging stations remains challenging due to a combination
of low rates of utilization and an emphasis on increasingly technologically advanced high
power/fast charging. State or federal mandates requiring very high-power chargers or
uniform deployment of charger technologies (e.g ISO 15118, Plug and Charge) may
further increase costs, decreasing private sector investor interest.

Qnestion2: In order to increase electric vehicle production you have to also increase the
domestic development or the importation of critical minerals to build the batteries and
components needed to deploy more EVs. If responsible production does not happen in the
U.S. it will happen in countries with worse environmental and labor standards. For example,
the Democratic Republic of the Congo produces the vast majority of the cobalt that is used
in EV batteries.

a.

How can the U.S. reverse this and bring back domestic prodnction and
manufacturing of critical minerals?

EV supply chains will require investments in the manufacturing of batteries (extraction
of rare earth minerals, refinement, battery cell production, and recycling) and fuel cell
stacks.?2 A comprehensive approach focused on manufacturing and supply chain
resiliency is needed to support the anticipated growth of electric vehicles globally. The
environmental and sustainability considerations around mining, extraction, refiement
and processing of rare earth minerals and the recycling of depleted batteries highlight the
need for further critical studies around the complete life-cycle impact of batteries.

18 See id.
19 Seeid.
* See id.
A See id.
2 Seeid.
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Manufacturing grant programs may help incentivize vehicle manufacturers and
component suppliers to expand and re-tool existing operations to manufacture batteries
and components, but investments will continue to be based on free-market principles,
which include demand side growth, regulatory environment, tax and workforce
considerations. International compliance measures are likely needed to address
environmental and labor standards in developing countries extracting rare earth minerals.
These measures should address global supply chain security, harmonization, transparency
and assurances to international environmental and labor standards.

b. Does it concern you that the U.S. is reliant on foreign countries for critical minerals
used in the trans portation industry?

Historically, Toyota has worked hard to develop a durable supply base to serve its
manufacturing operations for key regional and localized markets. Reliance on regional
supply bases for critical materials and components can significantly impact the
automotive industry.

c. How is the supply chain affected when we rely on China and foreign countries for
critical minerals?

A durable and sustainable supply chain for BEVs and FCEVs requires investments in
manufacturing of batteries (ie., extraction of rare earth minerals, refinement, battery cell
production, and recycling) and fuel cell stacks.Z? We believe our global manufacturing
operations are best served by localized supply chains that are not critically reliant on one
single regional supplier for essential components needed to complete vehicle assembly.

d. We have seenrecent moves by China to restrict Rare Earth Elements exports. Has
this or will this affect EV production?

In 2010, China temporarily cut off Japan from its supply of rare earth elements. Based on
this event, Toyota began investing in technologies to reduce rare earth elements needed
for electric motors.2* Although we have not seen supply-side degradation by recent
moves by China to restrict rare earth elements, we recognize that there may exist
challenges to U.S. manufactures if there were a rapid adoption and growth of BEVs
beyond the current global production capacity. Although we anticipate transition to
battery electric and fuel cell technologies over time, it is important that Congress

23 ¢ .

See id.
* See New Tovota magnet cuts dependence on keyrare earth metal for EVimotors, REUTERs (Feb. 20, 2018),
https://www.reuters.comvarticle/us-toyota-magnet/ne w-toy ota-mag net-cuts-dependence-on-key-rarc-carth-metal-for-
ev-motors-id USKCN1G413F.
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considers implementing the policy considerations suggested above to enhance U.S.
domestic supply chain, R&D and manufacturing,

e. What are the key critical minerals needed to reduce emissions in the transportation
indus try?

The transition to battery electric and fuel cell electric vehicles, is likely to increase
demand on critical minerals including lithium, copper, nickel, cobalt and platinum group
metals (PGM) including palladium, platinum and rhodium.?> Additionally, terbium and
dysprosium are other materials used to produce powerful magnets in electric motors.2¢

Questions from Senator Martin Heinrich

Question 1: Effectiveness of existing EV tax incentives for passenger vehicles (26 USC
30D) Mr. Wimmer, to meet emissions goals we must accelerate the deployment of electric
vehicles. What in your view is the number one thing Congress could do imme diately to
promote sales of EVs?

A comprehensive approach focused on consumers, infrastructure, R&D, manufacturing and supply
chain is needed to accelerate the deployment of EVs.?” We believe that focusing on just one area
may not be enough to drive wide-scale adoption of EVs. Toyota is a market leader in hybrid-
electric vehicles. Even with the relatively low-cost technology of a hybrid, early consumer tax
incentives, no new infrastructure needed, no consumer behavioral changes, and very long (600
mile) ranges, it has taken 20-years for industry to reach 3.5% annual sales share for hybrid-
electrics. Despite the combined efforts of the public and private sectors to promote the adoption of
EVs, there are only 1.5 million EVs registered on U.S. roads today out of 278 million light-duty
vehicles. 2 While consumer interest is growing and close to 50 models are now available to
consumers in the U.S., EVs only made up roughly 2% or roughly 300,000 of the 14.5 million new
vehicle sales last year.?® Accelerating the development of electric vehicles in the U.S. requires a
comprehensive approach beyond just consumer tax incentives and vehicle rebates.

* See Emest Scheyder, To go electric, America needs more mines. Canit build them?, REUTERS (Mar. 1,2021),
https://www.reuters.convarticle/us-usa-minin g-insight/to-go-clectric-america-needs-tnore-mines-can-it-build -them-
idUSKCN2AT39Z; World Platinum Investment Council, Is Automotive Demandfor Platinum Increasing or
Decreasing? CMEGroup (Aug. 11,2020), https://www.cmegroup.com/edueation/articles-and-reports/is-
automotive-demand-for-platinum-increasin g-or-decreasin g html#.

* See Jeremy Hsu, Don 't Panic about Rare Earth Elements, SCIENTIFIC AMERICAN, (May 31, 2019),
https://www.scientificamerican.convarticle/dont-panic-about-rare-carth-clements/.

¥ See Letter from Alliance for Automotive Innovation, ef a/. to President Biden (Mar. 29, 2021),
hitps//www.autosinnovate.org/posts/communications/ Auto%20Industry%20EV%620Po licy % 20Letter %620t 0%20Pre
sident%20Biden%20March%62029%202021 pdf.

= Seeid.

* See id.

N See id.
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a. For example, should Congress expand or restructure the existing consumer
incentives to purchase an EV?

We believe a comprehensive strategy is required to establish the U.S. as a leader in the
next generation of clean transportation innovation, and consumer incentives are key.
As stated in my previous testimony, “The policy with the greatest inmediate impact on
sales is consumer purchase incentives. These incentives should be structured to
promote all electrified vehicles, allow consumer choice, and provide greater
opportunity for GHG reductions than a single pathway can provide. And these
incentives can’t sunset too quickly or they won’t provide investment certainty
manufactures need.”

Additionally, we suggest Congress implement the following policy approaches to drive
consumer adoption of EVs, which are endorsed by the Alliance for Automotive
Innovation and other trade groups:

+ Expand and extend the 30B Fuel Cell Motor Vehicle Tax Credit to help equalize
the upfront cost to consumers and increase the credit for medium and heavy duty
fuel cell vehicles;

+ Prioritize additional R&D investment (federal and private) to reduce costs and
improve performance of batteries, fuel cells, and hydrogen fuel generation;

« Expand and extend the 30D Federal Tax Credit for PHEVs and BEVs. 3!

Question from Senator Catherine Cortez Masto

Question: How can the United States best prepare its workforce for future transportation
technologies?

The availability of a skilled workforce and establishment of AMT program pipelines through
partnerships with vocational schools and community colleges is essential to the success of our
manufacturing operations. Growth of workforce training programs like the FAME, can assist in
preparing regional workforces to meet the future of transportation technologies. FAME provides

best-in-class workforce development through strong technical training, integration of
manufacturing core competencies, intensive professional practices and intentional hands-on
experience to build the future of the modern manufacturing industry. 32

3 See id.

3 See Toyota Transitions National App renticeship Program to The Manufacturing Institute, Tovora (Sept. 10,
2019), https://pressroom.toyota.convioy ola-transitions-nation al-apprenticeship -program-to-the-manufacturing-
nstitute/.
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Question from Senator Cindy Hyde-Smith

Question: As the automotive sector looks to a more conne cted, automated, and ele ctric future
for vehicles, automated driver assist equipment, fully automated vehicle systems, and
advanced propulsion systems, including batteries and hydrogen fuel cells will help to
increase safety and fuel efficiency, but also add subs tantial weight to vehicles. Lightweight
automotive materials that help to offset this added weight, iucluding plastics aud polymer
composites, will become even more important in these vehicle designs. How are your
companies incorporating these innovative materials, many of which are made in the U.S. and
provide high-skilled manufacturing jobs for U.S. employees, in vehicle designs of the future?

Toyota Motor North America is finding ways to partner with its North American outside suppliers to
find innovative and safe ways to implement new lightweight automotive technologies and
materials. One recent example involves the all-new 2021 Sienna minivan. Produced in Princeton,
Indiana at Toyota Motor Manufacturing Indiana, Inc, the 2021 Sienna won the Enlighten Award
for achievements in vehicle weight savings for reduced mass of the third-row seat. We achieved
this by partnering with BASF and incorporating 35% glass-reinforced and impact-modified
polyamides, which were used to supplement portions of the traditional steel seat frame.?*

¥ See The All-New 2021 Sienna is Already Winning Awards, TOYOTA (Aug. 5,2020),
https//pressroomtoyota.com/the-all-new-2021-sienna-is -already-winnin g-awards/.
¥ Seeid.
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