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IMPROVING CAPACITY FOR CRITICAL MIN-
ERAL RECOVERY THROUGH ELECTRONIC
WASTE RECYCLING AND REUSE

WEDNESDAY, JULY 26, 2023

U.S. SENATE,
COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS,
Washington, DC.

The Committee met, pursuant to notice, at 10:06 a.m. in room
406, Dirksen Senate Office Building, Hon. Thomas R. Carper
(Chairman of the Committee) presiding.

Present: Senators Carper, Capito, Kelly, Sullivan, and Ricketts.

OPENING STATEMENT OF HON. THOMAS R. CARPER,
U.S. SENATOR FROM THE STATE OF DELAWARE

Senator CARPER. Now let’s proceed, if we could, to the morning’s
hearing.

Now I call up our panel of witnesses.

Please take your seats.

Good morning. Great to see you all. Thanks so much for joining

us.
Ajay Kochhar, Craig Boswell, Kitty Mcllroy, and Charles
Pellicane. Thank you all for your willingness to join us today as we
discuss what I think is an increasingly important topic, and that
is electronic waste.

What do we mean by electronic waste? Electronic waste, or e-
waste, as many call it, consists of various electronic products, in-
cluding televisions, including home appliances, and batteries. These
electronics are created using valuable materials, as you know, such
as nickel, which can be and should be recycled.

As some of you also know, recycling has been a lifelong passion
of a number of us on this Committee, including me. I think I have
recycled just about everything from a Ford Explorer, we called it
affectionately the Ford Exploder. It used to be my wife’s vehicle,
passed down to our son Christopher, passed down to Ben, and I fi-
nally took it without telling my wife one day, it was about 15 years
old, took it to a place and had it recycled. They gave me a check
for like $900, and this was Martha’s car. I never told her about the
$900. Please keep it quiet.

[Laughter.]

Senator CARPER. I have recycled just about everything, including
a dehumidifier, which I thought was my all time favorite thing to
recycle. Doing so benefits our environment as well as our economy,
as well as our basement, providing some more extra room in our
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basement and garage, and is a win-win for the Carper family and
I suspect a win-win for a lot of other families, too.

Unfortunately, our current systems don’t always make it easy to
recycle e-waste. Each year, around 50 million tons of electronic
waste are discarded in landfills globally, valued at an estimated,
get this, an estimated $62.5 billion. That is billion with a B.

These figures don’t include the electronic waste, such as old
smartphones and old computers, that often remain in our homes
collecting dust long after we stop using them. In addition to their
lost value, the electronics that end up in landfills often leach toxic
chemicals into the soil, threatening the health and well being of
nearby communities.

So, how did we get here, and what are we going to do about it?
Several factors have contributed to the growing problem of pollu-
tion from e-waste. First, consumer demand, alongside rapid techno-
logical innovation, has led to a steady increase in the production
of new electronics. Sadly, our ability to make use of the rare mate-
rials contained within discarded e-waste hasn’t kept pace with this
production.

In addition, insufficient domestic e-waste recycling standards,
limited recycling infrastructure, and a lack of education have
furthered our growing electronic waste dilemma. Many producers
have contributed to this problem as well, creating barriers to re-
pairing devices by limiting the availability of parts, tools, and infor-
mation needed to keep things working. This forced scarcity drives
up the consumption of new products.

Fortunately, the adversities of e-waste also present us with some
clear opportunities. For example, recycling electronics at the end of
their useful life allows for the recovery of critical minerals, such as
nickel, such as cobalt. Both are important components, as you
know, of electric vehicles, solar panels, and other clean energy tech-
nologies. Improving e-waste recycling would help us reach our cli-
mate goals, while also reducing our reliance on foreign sources for
critical earth minerals.

In addition, taking proper care of our electronic waste is vital to
national security, as it ensures adequate supply chains and pre-
vents the loss of sensitive information through digital files.

Today, we are interested in learning more about the role that the
Federal Government can and should play in e-waste recycling. This
includes the creation of standards that shore up our supply chains
and protect human health and our environment.

That being said, the companies that create electronic waste must
also take greater responsibility for reducing waste and recycling
their products. We are already beginning to see innovation in this
space.

As we will hear today, Li-Cycle is pioneering battery recycling
technology that allows us to recapture critical minerals. In addi-
tion, Human-I-T is employing refurbishment techniques that ex-
tend the life of electronic products.

From experience, we know that when industry, environmental
groups, and all levels of government join forces to address our envi-
ronmental challenges, we all benefit. As co-chair of the Senate Re-
cycling Caucus with Senator Boozman and with Senator Capito
and others, I know that most Americans want to do the right thing
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when it comes to e-waste disposal. Still, they are often unsure of
where to go, or frankly, how to do it.

Unfortunately, many municipalities either don’t accept electronic
waste through curbside recycling programs or they don’t offer e-
waste recycling at all. Consumers are limited to manufacturer take
back programs or have no option but to put their waste electronics
in the trash.

We now have an opportunity to improve e-waste recycling, and
I believe we are. In the Bipartisan Infrastructure Law and the In-
flation Reduction Act, we included funding to develop battery recy-
cling technology and best practices, as well as to improve public
education and recycling infrastructure. These investments are a
starting point to help increase electronic recycling rates.

In addition, the Recycling and Composting Accountability Act,
legislation that I introduced with Senator Capito and with Senator
Boozman and that this Committee advanced unanimously in April,
would take a close look at where materials are being lost from cir-
cularity. This critical information could help improve how we recy-
cle electronics.

Let me close by again thanking our witnesses for joining us in
our efforts to improve electronics recycling. Today, we hope to hear
your thoughts on how we can improve our efforts to establish a cir-
cular economy for electronic waste. Together, I am confident that
we can rise to the gravity of this challenge, and as we say in Dela-
ware, seize the day, or Carper diem.

With that, let me turn it over to our Ranking Member, Senator
Capito, for her opening remarks.

There is a lot going on in the Senate today, and there is a lot
going on for members of this Committee. I am supposed to be in
the Judiciary Committee introducing a guy running to be a Federal
judge in just a few minutes, so I will be going back and forth. But
I am leaving this Committee in very able hands, and I will rejoin
you as quickly as I can.

Thank you all for coming in and for working with us on this
very, very important issue.

Senator Capito.

OPENING STATEMENT OF HON. SHELLEY MOORE CAPITO,
U.S. SENATOR FROM THE STATE OF WEST VIRGINIA

Senator CAPITO. Thank you, Mr. Chairman.

And thank you all for being here with us today.

A lot of my statement is going to mirror a lot of what the Chair-
man has said in his statement, because I think most Americans
who are listening to this are going to have the same kind of echo-
ing, what are we going to do here, because we all have that issue.
We are talking about end of life management of electronic waste
in the United States.

Too often, we pay too little mind, we put it in the basement or
in the attic, to the mounting volume of electronic waste generated
in our lives. Whether it is the dusty boxes of old phones, laptops,
and cords sitting in our closets, or improperly throwing electronic
waste in our curbside trash bins, it is an issue we quickly dismiss
for being out of sight, out of mind.
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There are two misconceptions that I would like to highlight. The
first is that managing our electronic waste is an issue for a later
date. This is an outgrowth of the poorly developed collection infra-
structure that we have in place. This often limits electronic waste
disposal to only the most engaged people willing to visit a dump
or a drop off facility.

The second misconception is that our electronic waste is some-
body else’s problem once we throw it away. This stems from the
dismal state of consumer awareness and education.

For example, it is far too difficult for the average person to un-
derstand when a product is, or is not, considered electronic waste.
I have actually run into this issue myself.

Further, many people are unaware that electronic waste should
not be commingled with our usual household trash. This is an issue
that has become too large to ignore.

The EPA determined that electronic waste is the fastest growing
segment of the waste stream, both in the United States and around
the world. Last year, some of the statistics the Chairman stated I
will restate: An estimated 5.3 billion mobile phones were discarded
worldwide, either thrown away, or taken out of service or shoveled
into a drawer or box.

That tally helped contribute to the more than 50 million tons of
electronic waste generated around the world last year. That num-
ber is expected to rise to 75 million tons by 2030.

Unsurprisingly, the end of life cycle management has failed to
keep pace. Even the most optimistic estimates assume that less
than 20 percent of electronic waste is properly collected and recy-
cled. The harmful consequences if we continue on this current path
will have a resounding impact on the future of this country. For ex-
ample, improperly managing electronic waste exports contributes to
intellectual property theft through microchip counterfeiting.

Further, China has recently threatened to curb exports of critical
minerals abroad. That makes the dim reality of China’s dominance
in rare earth mineral extraction perfectly clear. Taken together,
these developments threaten our Nation’s military readiness and
economic competitiveness.

Electronic waste also poses a challenge to public safety and the
environment. Improperly disposed lithium-ion batteries are an in-
creasing source of fires in landfills and garbage trucks. The landfill
industry reports at least one fire per week in a vehicle caused by
a lithium-ion battery, including one just a few weeks ago here in
Washington, DC.

Electronic waste often contains toxic materials such as PCBs,
lead, and mercury that we export to developing countries with lax
environmental standards.

Despite the many challenges I have highlighted, there are plenty
of reasons to be optimistic, and I see four of them right here. By
reducing our reliance on overseas mineral production and enhanc-
ing our domestic recycling efforts, we can bolster our national secu-
rity and reduce potential vulnerabilities.

Our capacity to refurbish and recover valuable materials from
discarded electronic waste has greatly improved in the last few dec-
ades. Previously, electronic waste was just piled into a shredder to
be sold as scrap. Now the industry is incorporating advanced tech-
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nologies like robotics, optic scanning, and machine learning. These
techniques allow discarded devices like a mobile phone to be sur-
gically disassembled, maintaining the purity of high grade mate-
rials for reuse.

To illustrate just how far we have come, in 2020 institutional in-
vestors such as Morgan Stanley predicted that no lithium would be
recycled commercially in the next decade. That was in 2020. To the
contrary, this Committee will hear testimony from the CEO of a
publicly traded company whose business is directly involved in re-
cycling lithium. This is a testament to our ability to solve environ-
mental issues with American innovation. It is time for us to realize
that we are throwing valuable economic assets in the trash under
our current system.

Our witness panel today represents the full spectrum of interests
within the electronic waste recycling industry. I look forward to
hearing your valuable insights on the state of the innovation, best
practices, and recommendations to help us realize the full potential
of recycling electronic waste.

With that, I yield back, and we will start the hearing.

Senator CAPITO [presiding]. We will turn to our panel of wit-
nesses, and again, thank you. We are grateful that you all are here.

First, we will hear from Ajay Kochhar, who is currently the
President and CEO of Li-Cycle, a lithium-ion battery recycling com-
pany.

Mr. Kochhar, you may begin with your statement when you are
ready. Thank you.

STATEMENT OF AJAY KOCHHAR,
PRESIDENT, CEO, AND CO-FOUNDER, LI-CYCLE

Mr. KOCHHAR. Ranking Member Capito, Chairman Carper, Sen-
ators, thank you. It is a privilege to be here to have the oppor-
tunity to share Li-Cycle’s perspective on the topic of electronic
waste.

Li-Cycle, as indicated, was founded to address a missing link in
our electric future: Specifically, the lack of an economically and en-
vironmentally sustainable lithium-ion battery recycling solution.
Li-Cycle’s safe, sustainable, and scalable Spoke and Hub Tech-
nologies return battery grade materials to the supply chain with up
to a 95 percent recycling efficiency rate.

Our patented technology involves two steps. The first step takes
place at our spoke facilities, currently operating in Alabama, Ari-
zona, New York, and Canada. And at our spoke facilities, we safely
recycle lithium-ion batteries, including full electric vehicle battery
packs, through a propriety zero combustion process that produces
an intermediate product known as black mass.

In the second step, our hub refining facilities will process black
mass to recover fundamental building blocks in batteries again for
reuse in our supply chains. We are currently in the process of con-
structing our flagship hub facility in Rochester, New York, which
is expected to be the first source of recycled battery grade lithium
carbonate in North America. The hub will also produce battery
grade cobalt sulfate and nickel sulfate.

Earlier this year, the Department of Energy announced a condi-
tional commit to Li-Cycle for a $375 million loan to help finance
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the construction of our hub via the ATVM loan program. We are
incredibly excited to be partnering with the Federal Government on
this first of its kind facility.

This facility, once completed, will be one of the largest sources
of lithium in the U.S., whether from mining or recycling, processing
roughly 300,000 EVs worth of batteries per year. I am particularly
proud to share that during this project, we will be creating 1,000
American jobs during construction and approximately 270 perma-
nent jobs once we are operational.

Today’s hearing comes at a critical juncture, given the fact that
lithium-ion batteries are now ubiquitous in our world. These bat-
teries create an urban mine which have highly valuable finite ma-
terials, including lithium, nickel, and cobalt. No single mine in-
cludes all these critical battery materials. Our process is particu-
larly exciting as we can recycle these batteries in an infinite loop
without degrading the quality of the battery material.

I am also proud to share that relative to mining and refining, our
process can reduce emissions. So we can reduce missions of CO, by
up to 67 percent. We can also reduce water usage by up to 97 per-
cent for every ton of battery that we recycle.

Despite their value and importance, lithium-ion batteries have
challenges. They have challenges around environmental and safety
related topics. This includes the increasingly important topic of e-
waste. Lithium batteries will undoubtedly create a tsunami of e-
waste today and into the future.

In the near and medium term, we need to address manufacturing
scrap, which is the rejects in making batteries, which is being mag-
nified by the clean energy transition. To support the growth of elec-
trification, we need alternative, sustainable, domestic sources of
supply, and we need these sources of supply to come online quickly.

So recycled content should undoubtedly be a part of that solution
for a number of reasons. First, responsible recycling creates a more
sustainable, long term supply of materials that adds to a diverse
energy ecosystem. Also, by doing that, we reduce our dependence
on unstable foreign supply chains and supporting a completely lo-
calized battery industry to create a made in America battery.

We help increase energy and economic independence in North
America, and provide inherent benefits for national security con-
cerns. And we mitigate risks associated with thermal events or
fires as you spoke about.

In closing, to help support a domestic sustainable closed loop bat-
tery supply chain and help reduce e-waste, we believe Congress
should consider the following. First, clearly defined responsibility
for the end of life management of batteries, to help ensure all bat-
teries are in the best position to be collected, recycled, and kept in
our supply chain.

Second, create incentives to build and operate a network of bat-
tery collection centers for consumers, auto makers, dealerships, and
more.

Third, strongly discourage landfilling of lithium-ion batteries. As
we have shown at Li-Cycle, we can recycle all types of lithium-ion
batteries today at scale.
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Fourth, support and incentivize sustainable battery recycling. It
is imperative that through recycling we don’t lead to adverse envi-
ronmental impacts. So it needs to be sustainable.

Fifth, explore a requirement for minimum content for recycled
material and new batteries made in the United States. This is ac-
tually a step which the European Union has already taken, and
something that could be considered in the United States.

Finally, Li-Cycle is supportive of clear and consistent guidance
and regulations enabling the efficient movement of batteries and
intermediate products. This is critical to our industry’s ability to
scale and address the growing amount of e-waste in the United
States and globally.

Thank you again for giving myself and Li-Cycle the opportunity
to provide our perspective on this increasingly important topic.
Thank you.

[The prepared statement of Mr. Kochhar follows:]
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Li-Cycle’s Written Testimony Before the U.S. Senate
Committee on Environment and Public Works
July 26, 2023
Ajay Kochhar, CEO, President and co-founder
Introduction

On the behalf of all of us at Li-Cycle, | would like to extend our gratitude and thanks to Chairman Tom
Carper, Ranking Member Shelley Moore Capito, and the other members of the committee for this
opportunity. It is a privilege and a honor to share with you our perspective on the topic of e-waste, or
electronic waste.

Background on Li-Cycle

For background, Li-Cycle was founded in 2016 to address a missing link in the future of global
electrification — the lack of an economically and environmentally sustainable lithium-ion battery
recycling solution. Lithium-ion batteries are increasingly powering our world in automobiles, energy
storage projects and consumer electronics. Back in 2016, Tim Johnston and | co-founded Li-Cycle after
realizing that the world needed improved technology and supply chain innovations to better manage
end-of-life batteries and manufacturing waste to meet the rapidly growing demand for battery-grade
materials, such as lithium, nickel, and cobalt. We created Li-Cycle to directly address this global
challenge by developing innovative technology to sustainably recover valuable resources from batteries
and drive a cleaner transition to electrification.

Fast forward to today, Li-Cycle’s safe, sustainable, and scalable Spoke & Hub Technologies™ return
lithium-ion batteries and battery manufacturing scrap to the supply chain with up to an overall 95%
recycling efficiency rate. As we scale our industry-leading technologies, our commitment to
sustainability continues to be of paramount focus, as our processes have minimal solid waste streams,
minimal wastewater discharge, and low impact air emissions.

Spoke & Hub Technologies™ - two-step sustainable process to recycle and recover critical battery
materials

Our highly scalable two-stage Spoke & Hub business model enables us to safely receive and recycle all
lithium-ion batteries regardless of condition, form factor, and state-of-charge. At our Spokes, the first
stage of our vertically-integrated business model, we safely recycle battery materials through a
proprietary submerged shredding process to produce ‘black mass,” an intermediate product which
contains highly valuable metals such as lithium, nickel, and cobalt.
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Last year, we operationalized our ‘Generation 3’ Spoke technology at our facilities in Gilbert, Arizona
and Tuscaloosa, Alabama. Our Generation 3 Spoke technology has the capability to directly process full
electric vehicle (EV) and energy storage battery packs without any manual dismantling or discharging,
which enhances safety and efficiency and is a significant value differentiator for Li-Cycle. Our Spoke
technology is also one of the most energy efficient solutions commercially available.

Across our operational Spokes in North America, we have a total processing capacity of up to 51,000
metric tons of lithium-ion battery material per year. While we have predominantly been expanding and
bolstering our presence in North America, with the majority of our recycling capacity within the U.S., we
are also actively expanding in Europe. Our first European Spoke is expected to commence operations
later this year in Germany, and will become our largest Spoke to date. We have other European Spokes
planned in France and Norway, which will bring Li-Cycle’s future planned capacity across our global
Spoke network to more than 100,000 metric tons of lithium-ion battery material per year.

At our Hub facilities, the second stage of our vertically integrated process, we process black mass to
produce the battery-grade materials that are the fundamental building blocks of new lithium-ion
batteries, such as lithium carbonate, nickel sulphate, cobalt sulphate, manganese carbonate, and more.
Our first commercial Hub is under construction in Rochester, New York and is on track to commence
commissioning in late 2023, with ramp up of operations in 2024. The facility is expected to be the first
source of recycled battery-grade lithium carbonate in North America. It is a flagship asset for our
company, and we strongly believe that this first-of-its-kind clean-tech refining facility will play a key role
in solving many challenges associated with e-waste in the U.S., and North America more broadly.

North America Hub: Rochester Hub On Track to Commence P
Commissioning in Late 2023
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Once fully operational, the Rochester Hub is expected to deliver annual production of up to 7,500-8,500
metric tons of battery-grade lithium carbonate, 42,000-48,000 metric tons of battery-grade nickel
sulphate, and 6,500-7,500 metric tons of battery-grade cobalt sulphate, in addition to other valuable
materials. The Rochester Hub is expected to be one of the largest sources of lithium supply in North
America and will be able to process up to 35,000 metric tons of black mass per year, the equivalent of
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lithium-ion battery material to power up to approximately 300,000 EVs . The Rochester Hub is also
creating approximately 1,000 American jobs during construction and 270 permanent jobs once the
facility is operational.

The environmental benefits of Li-Cycle’s recycling process

As demonstrated through a Life Cycle Assessment, compared to traditional mining and refining
processes, our overall process provides emission reduction benefits of up to 67% for carbon dioxide or
CO,, 86% for sulfur oxides or SOy, 89% for nitrogen oxides or NO,, and reduces water usage by up to 97%
per metric ton of battery input’. To complement our environmentally friendly process, we continue to
maintain our dedication to being a customer led organization and we have amassed a growing global
network of more than 200 customers, which includes a range of the world’s largest automakers.

Growing global presence

What started out as a visionary idea discussed by two engineers over a cup of coffee has now
transformed into a leading global lithium-ion battery resource recovery company and North America’s
largest pure-play lithium-ion battery recycler, with a rapidly growing presence across Europe. To support
our global growth, we now have more than 450 employees worldwide and have opened regional offices
in Switzerland and Singapore. We believe we are just getting started.

As we continue to lead in innovation and recycling in North America, we also believe there are many key
learnings from our experience that we can take to the European market. Working together, we can help
reduce reliance on foreign battery ecosystems and help build a long-lasting, localized infrastructure in
both North America and Europe. Of note, we recently expanded upon our strategic partnership with
Glencore, a global leader in primary sources of battery metals and one of our key investors, with a view
to developing our first Hub in Europe. Li-Cycle and Glencore are now studying the possible development
of a new Hub in Portovesme, Italy, through a planned 50-50 joint venture. The Portovesme Hub would
be a landmark project for Europe’s battery recycling industry and would be the largest source of
recycled battery-grade lithium, as well as recycled nickel and cobalt, on the European continent. To align
with our recycling expertise, we plan to repurpose an existing Glencore metallurgical facility to enable a
cost-efficient and expedited development plan. Once operational, the Portovesme Hub would be
expected to have a processing capacity of 50,000-70,000 metric tons of black mass per year, or the
equivalent of lithium-ion battery material to power up to approximately 600,000 EVs.

Lithium-ion Batteries and E-Waste

Lithium-ion batteries are now ubiquitous in today’s world. There are many benefits to lithium-ion
batteries as evident by their proliferation, but the bottom line is that if these batteries are not properly
handled and recycled, they will lead to a mountain of potentially harmful e-waste. | would like to

1 Based on independent Life-Cycle Assessments (LCA) completed on behalf of Li-Cycle in 2022. Environmental
benefits are shown as emission offsets comparison for one metric ton of Battery Input. Mining & Refining baseline
calculated by a third party, including external sources (GREET, Argonne National Laboratory). Li-Cycle’s LCA results
are fully loaded, i.e., inclusive of indirect emissions not directly associated with the Spoke & Hub process, including
transportation of material. Li-Cycle’s process offsets 40-67% of the CO: Profile of an EV Battery. The battery pack
often accounts for over ~ 40-50% of an electric vehicle’s total COz emissions profile (Source: Volkswagen AG).

3
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provide a quick overview of what Li-Cycle sees as the opportunities and the challenges of lithium-ion
batteries.

The Opportunities

Lithium-ion batteries are an essential source of power to support the transition to clean energy, as many
next-generation, cleaner applications depend on them — namely EVs. Lithium-ion batteries also create
an “urban mine” with a wealth of highly valuable and finite materials, most notably nickel, cobalt, and —
of course — lithium. For perspective of their value, an EV battery can contain 50 kgs of lithium carbonate
(the chemical compound of lithium used in EV batteries), 40 kgs of nickel, and up to 15 kgs of cobalt?. In
December 2024, the estimated prices, per metric tonne, of lithium carbonate is expected to be $47,699,
$19,319 for nickel and $36,764 for cobalt®. This means that per average EV battery, there is upwards of
$3,700 of contained value in each EV battery, in lithium, nickel and cobalt alone. With more than
900,000 battery EVs projected to be sold within the US during 20234, this is equivalent to more than $3
billion of contained recoverable value within EV batteries — from this year’s projected sales alone and is
growing continuously.

With a large amount of lithium-ion battery material in North America, there is extraordinary potential to
turn e-waste into a key commodity given the valuable raw materials contained within the batteries.
Importantly, the raw materials in lithium-ion batteries can be recycled infinitely without degrading.
Their properties are as valuable and useful today in a battery as they would be if we recycled the
materials 100 times or more.

Another clear opportunity is that all these materials are already here in the U.S., and North America
more broadly. There is no single mine that contains these materials. We can recycle these batteries to
recover and keep these valuable materials in the U.S. and put them back in the supply chain and close
the loop to create a circular economy. The urban mine available in our backyards can be a driver in
building a domestic supply chain that helps diminish our dependence on foreign countries, with the
added benefits of being more environmentally friendly, and more cost effective, compared with mineral
extraction.

The Challenges

Despite their value and importance to enabling our clean energy future, lithium-ion batteries create
their own set of environmental challenges. Unsafe mining practices for these materials can be harmful,
as certain methods of extraction can be associated with negative environmental and social impacts. At
the end of their useful life, if not handled properly, batteries can also have negative environmental
impacts. Furthermore, lithium-ion batteries can be dangerous if not handled properly, which can lead to
thermal events or fires.

These batteries don’t last forever and if we don’t have recycling infrastructure established, they will
create a tsunami of e-waste in the 2030s to 2040s. However, even before that happens, we have to deal
with the significant increase in battery manufacturing scrap in the marketplace.

2 Reuters, February 3, 2022 -- “Explainer: Costs of nickel and cobalt used in electric vehicle batteries”.

3 Projected prices for lithium carbonate, nickel and cobalt are forecasted period-end prices by Benchmark Mineral
Intelligence as of March 2023.

4 Statista — https.//www.statista.com/outlook/mmo/electric-vehicles/united-states#unit-sales

4
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The Overlooked Burgeoning Battery Manufacturing Scrap Segment

Despite all the benefits that lithium-ion battery power brings in today’s clean industrial revolution era,
one urgent and often overlooked near term challenge for lithium-ion battery manufacturing is the
potential e-waste created by battery manufacturing scrap.

On average, Li-Cycle estimates at least 10% of battery production ends up as manufacturing scrap (e.g.,
quality rejects, off-cuts, etc.), and this proportion is typically much higher when a manufacturing facility
first starts operations. As the industry continues to grow, and more battery manufacturing facilities
come online, there is a significant amount of manufacturing scrap material that can create e-waste, if
not recycled. In addition to battery manufacturing scrap — in the near-term — EV recalls happen from
time to time, and it is important that valuable material from those batteries is returned into the supply
chain in a safe and sustainable manner.

For reference, in 2022, approximately 20% of Li-Cycle’s battery feedstock was from battery
manufacturing scrap. By 2030, we expect more than two-thirds of available battery recycling feedstock
in the market will be made of battery manufacturing scrap, which is in line with the substantial ramp up
of proposed battery manufacturing in the U.S.

Battery Input Mix(® -
LICY Actual and Future Market

3% 1%

25%
LICY FY 2022A 2030€
B Manufacturing Scrap Energy Storage Systems

Transportation OEMs, including Recalls Consumer Electronics

(1) Measured by weight of input battery materials.

For those closely following the industry, the true amount of battery manufacturing scrap might be
underestimated, as all types of scrap might not be accounted for. Estimates can sometimes fail to
incorporate the various aspects of cell scrap. There are both off-cuts (e.g., off-cuts of cathode foils) and
rejects, depending on the stage of cell making, and not accounting for both can potentially under-
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estimate the amount of mass created through the cell manufacturing process. Typically, manufacturing
plants also have much higher scrap rates during the ramp-up years as processes are tuned and the
plants drive to a steadier state of production. Estimates should take this dynamic into account,
especially with the proliferation of new manufacturing plants in North America that are expected to
come on-line that will take time to ramp up. Finally, some forecasts can exclude other types of
manufacturing rejects — e.g., module scrap and pack scrap — which can further under-estimate the true
level of the manufacturing scrap that needs to be addressed.

As a collective industry, it is desirable for manufacturing processes to be as efficient as possible for all
participants, including Li-Cycle, in order to drive down battery costs and to proliferate more EVs and
battery powered applications. However, the reality is that some processes have physical limitations. The
end result is a growing amount of material that must be recycled in the near term.

In order to support the proliferation and growth of electrification in the U.S., there is no question that —
at least in the short term — mining for these battery materials will play a key role. However, the
accelerating demand for lithium-ion batteries requires a substantial number of mines to come online
quickly. In order to help support the continued growth of electrification, we need alternative sources of
supply, such as recycled material, and we need these sources to quickly come online.

Lithium-ion Battery Recycling Explained: Not All Recycling Processes Are Equal

A possible solution to these core challenges associated with the electrification of North America is
lithium-ion battery recycling. Safe, efficient, and sustainable lithium-ion battery recycling can provide a
secondary source of material on a shorter time frame to support the growth of industry while providing
an environmentally friendly and long-term solution to deal with the mountains of e-waste that lithium-
ion battery material can create. However, not all recycling processes are created equal.

One general misconception of the recycling industry is that all parts of the recycling process are
considered one umbrella group of ‘recycling.’ This is important because public reporting often
inaccurately groups recycling into a single activity without differentiating between each stage. Generally,
there are two stages within the broader lithium-ion battery recycling value chain, ‘pre-processing’
(which would be analogous to our Spokes) and ‘post-processing’ (which would be analogous to our
Hubs).

Pre-processing involves the processing of lithium-ion batteries into intermediate products (i.e., black
mass). In North America, for pre-processing, most recyclers use mechanical techniques or
pyrometallurgy which involves the burning of lithium-ion batteries. A great example of pre-processing is
shredding of batteries, or, in Li-Cycle’s case, submerged shredding in a proprietary liquid solution. By
leveraging submerged shredding, we enable a safer process by mitigating the risk of fires. It is also more
environmentally friendly since there is zero combustion and no direct greenhouse gas emissions.

Post-processing involves the processing of intermediate products (i.e., black mass) into refined end-
products. Li-Cycle’s Hub technology (our flagship Rochester Hub will leverage this technology) uses
hydrometallurgy and is a great example of post-processing recycling. This process produces battery-
grade materials with minimal wastewater and air emissions.

Li-Cycle sees the amount of material available for recycling occurring in the two ‘phases’ of growth. With
respect to the ‘first phase’ of growth, manufacturing scrap is a predominate driver. As mentioned
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earlier, on average, approximately 10% of battery production ends up as manufacturing scrap. In
addition to battery manufacturing scrap, EV recalls occasionally happen and we have also seen an
increased volume of large energy storage projects that require recycling.

The ‘second phase’ of growth will be predominantly driven by end-of-life batteries. Global EV sales were
10% of new cars in 2022 and currently, there are about 20 million passenger EVs on the road with the
potential for 10 times that amount by the end of the decade®. Eventually, the vast amount of material
(or 20 million EVs worth of batteries each year) that actually ends up in the EVs will need to be recycled.
That is just the lithium-ion batteries dedicated to the EV industry and doesn’t consider all battery-
powered applications. There will be an eventual tsunami of end-of-life batteries —it’s just a question of
when.

The bottom line is that demand for post-processing recycling will continue to outstrip capacity in North
America for quite some time. In 2023, Li-Cycle expects that approximately 290,000 metric tonnes of
battery material will be available for recycling compared to only 34,000 metric tonnes of post-processing
capacity in North America. By 2030, Li-Cycle expects that that there will be approximately 1 million
metric tonnes of material available for recycling, or a three-fold increase, compared to less than 400,000
metric tonnes of post-processing recycling capacity. This growth will predominantly be driven by
manufacturing scrap.

Total North America Battery Total Europe Battery Materials
Materials TAM® TAMO®
1,200 1,400
P (~8x) -1,200
~3x -990 1200 "

1,000

1,000

800

‘000 tonnes LIB equivalent/year

2023 2025 2030 2023 2025 2030

Forecast Total Post-Processing
Recycling Capacity®

B Li-cycle

Ml Manufacturing Scrap Transportation OEMs including Recalls Energy Storage Consumer Electronics

How Recycling Can Lead to an Enhanced Domestic Battery Supply Chain

In Li-Cycle’s view, sustainable lithium-ion battery recycling is essential for the future of North America’s
transition to clean energy, and its importance goes well beyond the inherent environmental benefits.
Sustainable, safe, and efficient lithium-ion battery recycling can also:

Create a more sustainable and diverse energy system for the country

° The Wall Street Journal, January 16, 2023 — “EVs Made Up 10% of All New Cars Sold Last Year”.
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Recycling can provide a long term, sustainable supply of materials that will continue to grow as the
industry grows. This growth will continue to add to the diversity of clean energy sources and material
sources needed to support many industries connected to the battery supply chain.

Reduce dependence on foreign supply chains

Recycling can help create a closed-loop domestic supply chain for critical battery materials, or in other
words — old batteries can be used to make new batteries. This ability to support a completely localized,
circular supply chain in North America further reduces the reliance on foreign supply chains for these
key materials. We can have “Made in America” batteries through recycling. This also helps increase
energy and economic independence in North America. Being less dependent on foreign supplies of
critical materials will also have inherent benefits for national security concerns.

Enhance safety

Improper handling of lithium-ion batteries can present thermal event risk, which has led to an increase
in news stories about fires associated with lithium batteries, especially given the wider use of lithium-ion
batteries in today’s society. Recycling experts like Li-Cycle can help with the proper handling of end-of-
life or damaged lithium-ion batteries. Furthermore, by having these batteries recycled, they no longer
present a fire hazard by just lying dormant.

A Step in the Right Direction — the IRA was an Accelerator for the Industry

In Li-Cycle’s view, significant progress has been made to support domestic battery recycling in North
America. In particular, awareness of the importance of a sustainable EV supply chain has changed 180
degrees with major players at the table looking to be part of the solution compared to a few years ago
when this issue was not at the forefront.

Since our inception in 2016, building localized supply chains of battery-grade materials to support the
production of lithium-ion batteries has been a key part of our vision. To that end, the Inflation Reduction
Act (IRA) has provided benefits to Li-Cycle and the battery recycling industry both directly and indirectly.
Some of these industry benefits include up to $60 billion in five-year production tax credits, which
provides for 10% of the cost of producing critical materials, including lithium, nickel and cobalt. The IRA
also includes up to $10 billion in advanced energy project tax credits, which allocates up to a 30%
investment tax credit for developing clean energy facilities in the U.S. including recycling facilities.
Additionally, the IRA is pushing for building EV batteries using material sourced in the U.S. or free trade
agreement countries, as 40% of battery critical minerals are required to come domestically, or from free
trade agreement countries. This threshold increases to 80% by 2027 in order to qualify for the clean
vehicle tax credits.

Li-Cycle believes this push for domestically sourced battery-grade materials will incentivize automakers
to incorporate a higher percentage of recycled material, which is generating further demand for our
sustainable recycled material.

We believe the IRA helped recognize recycling as an accelerator for the domestic supply of battery
materials to support the increasing demand for EVs and energy storage. The IRA initiatives will reduce
the cost of building new facilities to produce domestic critical materials and help bring down
manufacturing costs for batteries. Key policy initiatives such as the IRA help support battery
manufacturers and automakers to source their recycling material domestically.
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Key Initiatives to Support Battery-Recycling

While the IRA has provided benefits to the industry, there are some key policy initiatives that Li-Cycle
believes are important to further support sustainable recyclers’ efforts to address and manage e-waste
problems:

Defined responsibility for end-of-life battery management

End-of-life lithium-ion battery management serves as an important part of ensuring that all batteries are
collected and properly reused, repurposed, or recycled to create a sustainable and circular economy to
meet global goals for carbon footprint reduction. Further definition of how we can best manage end-of-
life batteries safely and efficiently to ensure they do not end up in landfills or lie dormant in homes
around the country is paramount.

Incentivizing battery recycling centers

A frequently asked question Li-Cycle gets is — “how can | get my batteries to you?” Creating incentives
for building and operating battery collection centers for consumers, automakers, dealerships, and more
will further streamline the recycling process. Policy ideas, such as financial incentives to battery
recyclers that establish and develop a system for the collection of batteries, or to communities to help
create centers that can serve as battery aggregation points of collection, could further incentivize the
collection of these batteries and prevent them from being discarded in landfills.

Landfilling of lithium-ion batteries should be strongly discouraged

Batteries no longer need to end up in landfills where critical materials are lost and surrounding
environments are negatively impacted. Today, all types of lithium-ion batteries can and should be
recycled. Li-Cycle is a great example of a commercial lithium-ion battery recycler with operations at
scale. Encouraging industry-led or consumer-based programs to discourage landfilling of batteries
should be prioritized.

Incentivize recycling that meets the highest environmental standards

It is essential that increased battery recycling in the U.S. does not lead to adverse environmental
impacts created by the processes of battery recyclers. It is important to incentivize environmentally
friendly and efficient lithium-ion battery recyclers, including those that have high recovery rates and
processes that have minimal environmental footprints.

Requiring minimum recycled content in new batteries

Li-Cycle believes that to further incentivize recycling, there should be further exploration of regulatory
requirements for a minimum amount of recycled content in every battery produced domestically. The
new rules being proposed in the European Union, such as their requirements for new batteries to have
certain minimum amounts of recycled material — 16% for cobalt, 6% for lithium and 6% for nickel in
2030 — are a positive step in the right direction. They accelerate efforts by automakers and battery
manufacturers to incorporate recycling into their production processes. Li-Cycle believes that a similar
policy or initiative should be explored in the U.S. By including recycled content, automakers can not only
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ensure that batteries are made with sustainably sourced materials, but can also help further counter the
narrative that EVs are less sustainable than internal combustion engines.

Clear and consistent regulations on the movement of batteries and black mass

Li-Cycle is also supportive of clear and consistent regulations to govern the safe and efficient movement
of batteries to our Spokes, and black mass to our Hub, in order to provide a closed loop solution for
lithium-ion batteries. Black mass is a critical ingredient into our industrial process for making the raw
materials necessary for new battery production, and regulatory certainty that enables safe and efficient
movement of batteries and black mass is vital to the industry’s ability to address the growing amount of
e-waste we face in the U.S. and globally.

Conclusion

Li-Cycle was founded to create domestic, closed-loop supply chains for key battery materials to support
the sustainable growth of global electrification. As part of our vision to sustainably recycle batteries, we
are part of the solution to the growing ‘mountain’ of e-waste that both end-of-life batteries and battery
manufacturers are expected to produce. We will continue to scale to grow in lock step with our
customers to solve these key challenges. We believe that establishing policies and incentives to support
environmentally friendly recycling solutions and encouraging automakers and battery manufacturers to
use recycled material are vitally important to support the clean energy transition. These actions will be
critical to accelerating the successful future of this emerging industry, an industry which is essential to
the future of our planet.
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Senator CAPITO. Thank you, Mr. Kochhar.

Next, we are joined by Craig Boswell, the co-founder and Presi-
dent of HOBI International. He has served in the electronics recy-
cling industry for over 30 years.

Mr. Boswell, welcome and thank you. You may proceed.

STATEMENT OF CRAIG BOSWELL, P.E., PRESIDENT
AND CO-FOUNDER, HOBI INTERNATIONAL, INCORPORATED

Mr. BosweLL. Thank you, Ranking Member Capito. It is an
honor to be here today.

I come here representing my company, HOBI International. I
also represent thousands of electronics recycling companies in the
United States. And I come representing the electronics recycling
companies and the ITAD companies that are members of the Insti-
tute of Scrap Recycling Industries, ISRI.

My company, HOBI International, has been in this business for
nearly 30 years. We have seen tremendous change in the market
over those 30 years. When we started, it was mainframes. Then it
moved on to desktops, and now the explosion of mobile devices.

One constant in that market through that whole time is the vital
importance that electronics recycling plays in the information tech-
nology economy. Companies in the U.S. employ over 600,000 people
recycling electronics, and globally, it is considered to be more than
a $40 billion market.

I would like to spend just a few minutes talking about what we
do, why it matters, and then I would like to close with some chal-
lenges the industry is facing.

Electronics recycling companies help make the electronic manu-
facturing supply chain more sustainable. We do this by testing, re-
furbishing, recovering, and erasing electronics for both consumers
and companies.

We also help companies meet their ESG goals. We do this by al-
lowing them to reuse and recycle electronics. We also help with the
social aspect. We run donation programs that take products off of
their floors and put them into schools and homeless shelters.

Electronics recycling companies also protect the personal data of
millions of Americans every year. We have made tremendous in-
vestment and strides in data eradication technology. We have also
developed certification standards like the R2 standard that allow
both consumers and companies to validate that their processor has
the right type of state of the art processes and procedures to take
their equipment.

And the industry is helping to bridge the digital divide. It is esti-
mated that 460 million cell phones alone are put into reuse every
year. Those products represent a low cost way for those in need or
those in underdeveloped countries to become members of the global
electronics marketplace.

But we are experiencing some significant challenges. We have al-
ready mentioned this, but one of the growing challenges is embed-
ded lithium-ion batteries. They are in everything from airpods to
automobiles. What that has done is, gone are the days when these
reach end of life, we just put them in a shredder for material recov-
ery. Now those products have to be disassembled, largely manually,
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to extract the batteries before the critical materials that are in
those products can be recovered.

Dovetailing with that is the need for design for recycling. Our
ability to recover these critical materials is largely determined
when the product design leaves the R&D phase. It is critical that
in designing these products sustainably that we look at the end of
life of the product during the design phase. We have found that
this is not only good for the bottom line of these companies, but it
helps us recover these critical materials.

Finally, changes in international trade law are a looming prob-
lem for the industry, especially here in the U.S. Starting January
1st, 2025, changes in the Basel Convention will take products that
have been traditionally considered non-hazardous and move them
into a hazardous category. This will force companies, when they try
to move these materials internationally, to meet certain pre-deter-
mined requirements. It also requires you to be a party to the con-
vention to trade with other parties internationally.

What this is going to result in, the U.S. being a non-party to the
convention, is a de facto trade ban for companies here in the U.S.
This is a looming issue because the global market for electronics
is what we depend on. This will isolate electronics recyclers in the
U.S. from the remainder of the global market.

So in summary, the electronics recycling industry is an essential
part of the global market for sustainability going forward. We feel
it is critical as you discuss policies for the future that we be in-
volved in those discussions.

Thank you for your time, and I look forward to your questions.

[The prepared statement of Mr. Boswell follows:]
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Good morning, Chairman Carper, Ranking Member Capito and the other members
of the Committee.

I would like to thank you for the opportunity to speak to you today representing
my company HOBI International, Inc. and the thousands of other American
companies that make up the electronics recycling industry. | also speak for the
electronics recyclers and ITAD companies that are members of the Institute of
Scrap Recycling Industries or ISRI.

My company, HOBI International, has been in the electronics recycling industry
for more than 30 years. During those years, we have seen tremendous changes in
the computing landscape, moving from mainframes to desktop computers to the
booming and continually changing mobile device market. The evolution and
constantly shifting information technology market has been truly breathtaking
during the past few years.

I'm glad to say that one constant during these changing times has been the vital
role that electronics recycling companies play in the information technology
economy. Each business day, thousands of computing and storage devices are
collected, erased, tested, redeployed, reused, and recycled. Each business day
the EPA estimates that more than 600,000 people are employed in the U.S. by
companies participating in the electronics recycling space and the worldwide
marketplace for these services has grown to more than $40 billion.

With that perspective in mind, I'd like to tell you more specifically about what we
do, why this matters, and what some of the challenges are we are facingin our
industry.

Electronics recycling companies help make the electronics manufacturing supply
chain more sustainable. This includes testing and refurbishing products for
redeployment and recovering the critical materials used to manufacture new
products including everything from cellphones to servers. It also includes helping
corporations throughout the economy enhance their ESG performance by
meeting environmental goals by reusing and recycling their end of use electronics
products and helping expand their social programs through initiatives such as
equipment donation programs.
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Electronics recycling companies also ensure that the personal data of millions of
Americans stays protected each and every year. The industry has made
tremendous investments in data cleansing technologies, as well as certifications
such as the R2 certification, to create transparency for consumers and
corporations to validate the companies they select to recycle their products have
state-of-the art tools and processes.

The industry is also critical in bridging the digital divide domestically and
internationally. It is estimated that over 460 million cellphones alone in a single
year could be collected and redeployed worldwide. These reused devices
represent a more affordable alternative means for people in need or individuals
in underdeveloped countries to join the global digital marketplace.

The industry is facing significant and growing challenges here in the United States.
These challenges could see even more dramatic shifts in the industry in the
upcoming years and impede the ability of the industry to grow to meet the ever-
increasing demand.

First, the expansion of the use of embedded Lithium lon and Lithium primary
batteries in everything from Airpods to automobiles represents a significant
challenge for the industry. Gone are the days when true end-of-life products
could just be dropped in a shredder for automated material recovery. Now
equipment processors must carefully and primarily manually remove these
batteries as a first step in the material recovery process. This has markedly
increased the labor cost of recycling devices and has resulted in the industry
taking costly and extensive steps to make sure batteries can be removed and
recycled safely.

Second, it is vital that manufacturers increase their focus on sustainability of their
products by incorporating Design for Recycling © concepts at the earliest part of
research and development to ensure these innovative products that improve our
lives are easily disassembled, reused, and ultimately recycled. Designing these
products for sustainability and recycling is both good for the bottom-line and for
the environment and is essential in realizing the tremendous benefit that
recovered products represent in the critical mineral su