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A.1. Expansion of “Other notable industry challenges”

CHALLENGE: Insufficient benefits for
customers (OEMs) to “buy local” and pay
higher cost for U.S.-made intermediates

Industry expects a large share of cell manufacturing and
pack assembly to localize in the U.S. under current economic
and regulatory conditions.* Yet, Li-Bridge participants do not
expect the production of many battery intermediate goods,
such as chemical precursors and certain active materials,

to localize in the U.S. without policy intervention.?

Facilities in East Asia, Australia, and South America produce
a majority of intermediate battery products today and serve
as the benchmarks for establishing competitive U.S.-made
supply. Global customers have established relatively mature
supply chains to access these products. Most intermediate
goods are easily shippable and have sufficient shelf life to
enable international trade.

Finally, leading suppliers of intermediate battery products
by market share are not U.S.-based companies.

The value proposition of U.S.-made intermediates:

On average, Li-Bridge participants estimate that U.S.-produced
battery materials and components carry 10-20% higher
landed costs® than equivalent materials and components
produced in and imported from Asia-Pacific. Several factors
contribute to the U.S.’s higher cost position, including:

o Limited know-how (largest factor): The U.S.’s current
immature position on the learning curve (i.e., experience
with large volume production that improves production
costs) translates to lower productivity, higher scrap rates,
and a longer timeline to ramp up production to
full capacity.

o Higher labor costs: Compared with China, U.S. labor costs
are estimated to be 2-3x higher for engineers and 4-5x
higher for semi-skilled workers.

o Environmental, social, and governance standards:
U.S. producers face more stringent emissions and waste
standards. However, this gap is expected to diminish over
time as China increases its standards.

These disadvantages outweigh potential savings from the
U.S.’s low-cost energy supply and lower cost outbound
logistics to serve its domestic markets.

Industry participants report OEMs are unwilling to pay
10-20% more in direct pricing to have U.S.-made
intermediates in their batteries. U.S.-produced intermediate
goods generally do not provide meaningful other quantifiable
benefits to compensate for their higher cost position such

as highest quality or lowest embedded carbon. While there
are operational benefits created by proximity such as closer
collaboration and supply chain resiliency, switching costs

Figure 5 U.S. structural disadvantages and learning curve challenges

® Labor: Vs China, est. 2-3x for engineers, 4-5x+ for semi-skilled

® ® Environmental impact: More stringent standards associated with
emissions and waste (diminishing over time)

... Transfer costs: Unwillingness/ inability to accept lower margins on
@ intercompany transfer margins

®  Economics of scale: slower developing end market demand; East
@ apleto expand existing facility vs build new
US must innovate on product or process to reset playing field

@® ® Policy environment: Less stability (incl on demand), higher risk of
@ delays in US due to both federal and state action

® ® Patriotism: Best engineers and newest equipment reserved for
domestic partners in East

Investor timeline: Must manage the business quarter-to-quarter vs
take a longer view

® Ramp-up: longer time until able to operate at full capacity (e.g.,
+6-12mo from SOP)

© Workforce experience: Lower initial productivity; shallower and less
broad talent pool

® @ Pprocess design: More mistakes in purchasing incorrect equipment
or setting up lines

® @ Supplier relationships: Less alignment with equipment
manufacturers

@ Data: Access to less data across network, driving slower
® ® continuous improvement and innovation

I Materials incl scrap Labor M Logistics M Energy [l Capex

Est. result is 10-20% average cost advantage vs US in
midstream (after incl. advantages in energy, inbound
logistics, etc);

1 Due to the difficulties and costs associated with shipping these finished goods (i.e., size, weight, safety regulations)
2 Exception: some active materials may localize owing to short shelf life and/or difficulty transporting, e.g., electrolytes

3 Li-Bridge topic committee analysis
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are also related to an OEM'’s time and effort to re-establish
localized supply chains. Put simply, U.S. producers’ cost
positions must improve.

OEMs are also not required to source locally to access

U.S. markets. There were no domestic or North American
content requirements for battery cell manufacturing or their
end applications (e.g., EVs) prior to passage of the Inflation
Reduction Act—outside of lithium-based battery solutions used
in defense applications. So, producers of battery intermediate
goods are wary of investing in U.S.-based production capacity
for the sake of offering U.S.-made products.

What'’s at stake: Intermediate materials and components
contribute greater than 50% of the value add and jobs that
comprise a battery cell. Announced production facilities for
intermediate goods exceed 100 GWh annually and have
billion-dollar construction price tags.

OEMs will continue to pursue an optimized global production
footprint given the importance of cost, ship-ability of
products, and inherent distance between the largest markets
for finished products and where battery raw materials are
found. The U.S. must become more competitive to attract
new projects in intermediate products, or risk having well-
positioned global (Asia-Pacific) and regional (Canada) peers
continue to secure the majority share of new capacity. And
the U.S. must create an environment where its startup
companies involved in next-generation active materials

and other intermediate products—predisposed to building
U.S. footprints—develop the necessary know-how and cost
positions to become globally competitive in the long run.

Building a Robust and Resilient U.S. Lithium Battery Supply Chain

CHALLENGE: A lack of U.S. R&D- and pilot-
scale line capacity for the commercialization
of new technology

Taking new battery technology from the lab to industrial-
scale production is characterized by both high cost and high
risk. Companies seeking to commercialize new technology
incur significant costs (e.g., materials, labor, equipment)

to produce a range of prototype samples for testing and
validation. Yet, there is no guarantee these companies will
be able to recoup these costs if the new technology fails

to meet requirements or attract enough customers. This
perilous journey is often referred to as the “valley of death”
because many programs and startups run out of funds and
“die” before reaching commercialization and generating
positive cash flow.

To de-risk the journey from the R&D lab to industrial-scale
production and to manage expenditures, companies will
often produce, test, and validate a new technology in several
steps of incremental volume (and investment) rather than
jump straight to industrial-scale production. The typical steps
of producing incremental volume can be organized into three
broad categories: lab-scale, pilot-scale, and industrial-scale.
Figure 6 provides details about each step.

Figure 6 By 2030, workforce demand will outstrip the existing workforce

Scale of Approximate

production annualized capacity?

Developing and testing new

Production line

Relative costs characteristics US examples

Argonne National Lab;

<1 MWh/yr ) Capex: Low Highly manual, University of Michigan
R&D-scale (<200 cells/wk?) ;”afr:;tpreotiws’ Per cell: High highly flexible Battery Lab; Battery
quip S Innovation Center
Evaluating and optimizing
product manufacturability and Partially Private: GM, Ford, Tesla
Pilotscale 1-500 MWh/yr process parameters; Capex: Moderate automated,

Producing significant quantities Per cell: Moderate
of product for qualifications

testing

>1 GWh/yr

incustiatecals (>10 GWh/yr for EVs)  product at lowest cost

Maximizing output of quality Capex: High

Shared: Currently none

moderately flexible (Future: New Energy NY)

Fully automated,

Per cell: Low inflexible Tesla/Panasonic; LG

1. Assumes 100 Wh per cell 2. Ranges are highly approximate. Actual capacities overlap across scales.
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Options for small and medium sized businesses (SMEs):
While large firms often have their own in-house pilot lines,
SMEs typically cannot spend their limited funds to build
and operate their own pilot line. Thus, SMEs secure third
party-controlled pilot line capacity to meet their testing
and validation needs. SMEs generally have two options for
accessing an external pilot line:

o Partner with a large firm to gain access to the partner’s
dedicated pilot line

0 Use a shared pilot line facility

Although using an external pilot line can help SMEs from

a cost standpoint by eliminating the needed capex for an
in-house pilot line, it is not without tradeoffs. There is no
guarantee that the SME can find an interested partner

and reach agreeable terms. SMEs are constrained by the
capabilities and flexibility of the external pilot line, and SMEs
risk exposing sensitive intellectual property whenever using
shared facilities.

Availability of shared R&D-scale and pilot-scale production
facilities: Li-Bridge participants report a shortage of shared
pre-industrial-scale production facilities in the U.S. at both the
R&D-scale (<1 MWh/year) and pilot-scale (1-500 MWh/year)
production capacity ranges. This shortage extends product
development and qualification timelines for producers at
every step of the supply chain, but especially for companies
seeking to commercialize raw materials, active materials,
inactive components, and processing equipment.

At R&D-scale, numerous shared facilities exist in the U.S.,
but demand exceeds supply. Industry reports wait times to
access an R&D-scale line in the U.S. average 12+ months
(6+ months to find and select a suitable R&D-scale line and
6+ months before the first opening on a shared facility’s
schedule). % In contrast, in China and the European Union,
Li-Bridge participants report it takes an average of one
month to select a R&D-scale line facility and secure a
booking—and subsequent builds and testing can be run
continuously without additional lead time. At pilot-scale,
industry reports, there are currently no shared pilot-scale
facilities in the U.S. In contrast, Europe has developed a
robust ecosystem of shared pilot-scale production

lines (LIPLANET) with capacities of up to 150 MWh per
year (CustomCells).

4 Estimates from Li-Bridge participants
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What'’s at stake: Limited capacity of shared pre-industrial-
scale production lines (<500 MWh/year) in the U.S. slows
the commercialization of new innovations and causes
companies to look abroad to develop and commercialize
next-generation products. Key implications include:

o Reduced commercial value of innovation: longer lead
times to access shared R&D-scale and pilot-scale lines
extends the time-to-market for new technologies and
increases the risk that competition can catch up or
innovate faster

o0 Missed opportunity to innovate, build know-how, and
develop the workforce:

O Pilot production facilities enable innovations in
manufacturing processes and equipment as well as
battery technology and materials

O Pilot production generates crucial know-how related to
product development and manufacturing processes and
equipment that directly benefits firms when designing
and ramping up their industrial-scale production

© Shared pilot lines serve an important role in training and
upskilling workers as well as testing new equipment

o Flight of innovation and IP leakage overseas: Li-Bridge
participants report that some firms are choosing to
perform their R&D-scale and pilot-scale production runs
outside the U.S. for faster results, which exposes U.S.-
generated intellectual property and builds specialized
know-how overseas

0 Reduced competition: Lack of shared R&D-scale and
pilot-scale line capacity most hurts SMEs and creates a
business environment that favors large incumbents who
can afford in-house pilot line



CHALLENGE: A lack of domestic technical
know-how, especially in midstream activities

A highly skilled workforce sits at the heart of the U.S. battery
sector’s ambition to be self-sufficient and globally attractive.
The U.S. has a strong foundation in battery materials and
cell design, research, and development thanks in part to
DoE labs, world-class universities, and innovative
entrepreneurs and startups. Yet, the U.S. lithium-based
battery industry currently lacks the depth and breadth of
expertise in large-scale production required to build and
sustain a secure, globally competitive industry.

Extent and quality of know-how: Today, the U.S. workforce
does not have the same experience in lithium-based battery
manufacturing as other countries, such as China. The
at-scale manufacturing footprint in the U.S. is largely just
starting to take root, with cell manufacturing leading the
way relative to other parts of the supply chain. Still, the cell
manufacturing in the U.S. today is often heavily supported
by workers on visas or visiting experts from overseas. Years
on plant floors, accumulated by long-term U.S. workers, are
needed to develop the capabilities necessary to build cost-
competitive batteries.

Manufacturing know-how consists of knowledge about
procedures and methods of production. Transferring know-
how is difficult for three reasons: (1) it is often tacit rather

Building a Robust and Resilient U.S. Lithium Battery Supply Chain

than explicit knowledge; (2) much of it is specific to the
plant, equipment, suppliers, materials, and processes used;
and (3) companies are highly protective of sharing it. Thus,
acquiring large-scale manufacturing know-how requires
direct experience.

Expertise in large-scale production is needed across the
entire battery supply chain, though midstream segments
face the most acute need. Within these segments, the
following types of functional roles are most needed:

o Design and optimization of large-scale production
operations—e.g., process engineers, industrial engineers

o0 Research and development of battery materials and cell
designs—e.g., electrochemist, material scientist

O Supervision and operation of large-scale production
operations—e.g., skilled workers

Future workforce gap (quantity): Achieving Li-Bridge’s
2030 Goal for U.S. partial self-supply will require over
120,000 additional workers across the battery supply
chain.® Headcount must grow by more than four times
today’s workforce—with more needed in adjacent and
supporting segments such as used battery collection,
maintenance and repair, end product integration, charging
infrastructure, first response, and fire and rescue.

Figure 7 By 2030 workforce demand will far outstrip the existing workforce

Workforce
Il Current 36k 75
P To meet Li-Bridge’s 2030 Goal 157k } Over 4x 65
To meet 2030 full demand 230k 55 cal
35
30 30
15 15

& 10 10
e [

Raw material? Processed material Active material Cell mfg. Pack mfg.

& components

The current workforce must grow ~4x to meet 2030 potential state workforce needs

1. Current workforce estimated multiplying US production numbers against 2022 jobs/GWh requirement and adding workforce top battery mfg. startups 2. Mining current workforce figure includes
production for non-battery applications Source: Li-Bridge-BCG demand model, Li-Bridge experts, industry benchmarks

5 Includes raw material through pack mfg.; 157K needed for 2030 potential state vs 36K in 2022
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Closing the workforce gap will require expanding the
pipeline to educate and train workers at all levels and from
all sources. Four sources of labor are available to close the
workforce gap:

1. Workers from similar sectors with a different technology
focus: e.g., materials mining and refining, chemical
processing, and battery manufacturing.

2. Workers displaced from fossil fuel dependent industries:
e.g., internal combustion engine manufacturing, oil
extraction and refining, and coal mining. ReskKilling
these displaced workers could cover up to ~30% of the
workforce gap in 2030 (considering headcount only, not
skills or degrees).®

3. New graduates: e.g., students or apprentices from
North American universities, community colleges, and
trade schools.

4.International talent: e.g., experienced workers or recent
graduates from overseas.

However, three challenges complicate the battery industry’s
ability to recruit and train:

1.The U.S. lacks nationally recognized curricula or
accredited training standards and certifications to offer a
clear path for these next waves of prospective workers.

2. Battery manufacturing must compete for talent among
other growing sectors, e.g., the manufacture and
installation of wind turbines and solar farms.

3.There is a geographic mismatch between emerging
battery-related jobs and where fossil fuel industry workers
are located today.

What's at stake: The U.S. battery industry’s limited know-
how, particularly in large-scale manufacturing, translates
into delays and increased costs for U.S. producers:

o Companies take longer to find and develop new talent
and must pay more.

o Plants take a longer time to launch production owing to
higher levels of trial and error.

o Plants operate with lower productivity, higher scrap rates,
and increased risk of production, and market quality issues.

U.S. competitiveness on cost, quality, and innovation hangs
in the balance. So, too, do towns across the U.S. A cell
manufacturing facility, for example, employs over

5,000 workers directly and thousands of others indirectly in
the region. These jobs contribute to the vitality of the local
economy and generate taxes for decades. Highly skilled jobs
not filled in the U.S. because of lack of availability or quality
are also likely ones that go overseas. An inability to provide

6 Assumes ~40K displaced workers from fossil fuel dependent industries
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well-paying incomes to workers displaced by the clean
energy transition also carries the risk that the transition
will be delayed or more expensive to execute.

CHALLENGE: Limited suitable sites served by
reliable, cost competitive clean energy

Manufacturers put a lot of thought into choosing where

to build new capacity. Many factors are considered during
the site selection process that either directly or indirectly
affect the business case—e.g., proximity to customers and
suppliers, energy costs, transport infrastructure, availability
of clean energy supply, local labor availability, and access

to innovation and education hubs. While the U.S. has an
abundance of inexpensive land for industrial use, the
number of sites ideally suited to meeting the battery sector’s
evolving requirements is rather limited today.

Limited sites served by steady, cost competitive clean
energy: The greatest constraint from a site infrastructure
perspective is the lack of access to a steady, cost-
competitive clean energy supply. Materials processing
and active material production are highly energy intensive
activities, and materials producers are increasingly seeking
sites supplied by clean energy sources to meet their own
corporate decarbonization goals. corporate decarbonization
goals” insert the words “and customer requirements. Firms
require highly reliable energy supply, making hydropower more
attractive than variable renewable energy sources such as
wind or solar.

The U.S. continues to invest in renewable energy generation
projects. Still, these also need to line up with the ideal
location (access to customers, supply chains, and workforce)
and operating timelines of battery manufacturers. Industry
participants report a growing preference for sites directly
supplied by clean power sources instead of relying on
renewable energy credits from purchase power agreements.
Long interconnection queues are only getting longer.

The European Union’s proposed Battery Regulation-which
would require producers to disclose their carbon footprint
starting in 2024 and comply with a carbon emissions limit
starting in 2027 -is expected to further drive global battery
material and cell makers to seek out clean energy sources
when choosing locations for future capacity investments.

What’s at stake: Value add from material processing and
the production of active materials and separators represent
over half of a cell’s value. The U.S. risks being passed over
for other countries with higher shares of stable, low-cost
clean energy, such as Canada.

Canada, with its high share of existing clean power
(>80% hydropower or nuclear in both Quebec and Ontario),



is advantaged versus many parts of the U.S. Evidence of
midstream producers’ desire for low-cost, clean energy can
be observed from the recent number of battery material and
cell plant announcements in Eastern Canada: cathode active
material plants in Quebec by POSCO Chemical and BASF; a
cathode active material facility by Umicore in Ontario; and an
LG Energy Solutions battery cell plant in Ontario.

CHALLENGE: A lack of domestic suppliers of
key equipment and a reliance on protective,
overbooked foreign suppliers

Many steps of the lithium battery supply chain require
sophisticated equipment to economically produce quality
materials and cells at high volume. Equipment design and
manufacturing are also highly intertwined with the process
and product innovation. Thus, securing reliable, timely
access to cutting-edge equipment is important to building a
robust and innovative lithium battery supply chain.

Global equipment manufacturing availability: Industry
participants report that battery manufacturing equipment
suppliers are currently overbooked, causing significant
delays for critical equipment. For example, Li-Bridge
participants cite 18-month lead times for electrode coating
machines from Asia. By design or otherwise, manufacturers
in Asia do not seem to suffer from the same delays

Access to next-generation equipment: Most of the global
capacity for lithium battery cell specific manufacturing
equipment is concentrated in China, Japan, and Korea.
Sample leading companies include Wuxi Lead (CN), Yinghe
(CN), PNT (Korea), and Hirano Tecseed (JP).” While the U.S.
has domestic manufacturing capacity for general-purpose
industrial manufacturing equipment such as material
handling equipment, the U.S. possesses very few
domestic suppliers of equipment unique to lithium

battery cell manufacturing.

Even when demand for equipment does not outstrip supply,
Li-Bridge participants report that cell manufacturing
equipment suppliers typically prioritize their home markets
and local partners in Asia first. Sales of latest-generation
equipment to international markets are often multiple
financial quarters later. Equipment suppliers are also
highly protective of their intellectual property and know-
how. Exports are common versus establishing international
production locations. Protectionist policies also include
placing restrictions on where equipment engineers can
travel and what levels of support are provided during setup
and tuning, especially to newer customers.

Building a Robust and Resilient U.S. Lithium Battery Supply Chain

What'’s at stake: A lack of equipment production in North
America is a continuous disadvantage for U.S. companies
seeking to produce competitive cells and cell components
locally. Establishing secure, prioritized access to cutting-
edge equipment for U.S. producers (a) addresses a supply
bottleneck that could delay the U.S. and global battery
scale-up and (b) reduces the risk that U.S. producers are
deprioritized based on their origin of operations. If secure,
prioritized access to cutting-edge equipment is achieved
through a localized equipment supply, then the U.S. accrues
the additional benefits:

o Increased value capture—estimated $60 billion in
cumulative U.S. capital spending for equipment
through 20308

o Increased domestic equipment know-how, which would
help U.S. cell makers optimally select and operate
equipment (leading to higher yields and shorter ramp-
up periods) as well as generate and test bottom-up
manufacturing process innovations

7 Morgan Stanley, “Lithium Battery Equipment - Seeking Alpha Through Cycles”, June 2022
8 Equipment needs to meet 2030 target, includes raw material through cell manufacturing; assumes 60% of capex is for equipment. Battery Atlas
2022, Heiner Heimes, (PDF) Battery Atlas 2022 Shaping the European lithium-ion battery industry (researchgate.net)
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A.2. Parallel objectives

Altogether, the above recommended initiatives advance
several objectives in parallel:
o Security (supply chain robustness and resiliency)

o Sustainability (e.g., decarbonization, environmental
protection, recycling)

o Equity (place-based, environmental, social, and economic)

o Long-term economic competitiveness

A. Security (supply chain robustness

and resiliency)

As the primary objective of the Li-Bridge project, Li-Bridge’s
recommended initiatives support creating a secure

U.S. lithium battery supply chain in a multitude of ways:

o By supporting domestic production and recycling through
incentives, investment, and regulatory changes

o By diversifying sources of supply through foreign
partnerships and investments

o By innovating to create substitutes and reduce demand for
critical materials

Going forward, the Li-Bridge alliance must continue

to monitor the U.S. lithium battery supply chain for
vulnerabilities and provide guidance to the U.S. government
on how it can ensure U.S. economic and national security.
Li-Bridge should also continue to seek out opportunities

to leverage and cooperate with related domestic and
international organizations including but not limited to:

O Bilateral partnerships with foreign governments and
association with the private sector alliances, e.g., Canada
or European Battery Alliance (EBA)

o Intergovernmental organizations, e.g., International
Renewable Energy Agency (IRENA)

o Multi-lateral initiatives, e.g., Minerals Security
Partnership (MSP)

Figure 8 Recommended initiatives advance multiple objectives

Recommended Initiative

1.1. Capex incentives

1.2. Production incentives

1.3. R&D incentives

1.4. Demand incentives

1.5. Government procurement
1.6. Insurance pools

2.1. R&D investment

2.2. Pre-commercial scale lines
2.3. Standards

2.4. Commercialization support
3.1. Permitting reform

3.2. Critical minerals database
3.3. Buying consortium

3.4. Foreign partnerships

3.5. Circularity

3.6. Trade control

3.7. Critical minerals sea mining
3.8. Stockpile

4.5. Infrastructure

4.6. Industrial zones

4.7. Community engagement
4.1. Curricula development
4.2. Curricula deployment

4.3. Training support

4.4. Technical exchange

5.1. Public-private alliance

RRRRRRRRQORRRQRRO0RRRRRRY g

28

Objective
Economic
Sustainability Equity competitiveness
S ¢ ¢
S S A
& 4 S
3 3 Y
/4 O A
s 8 ¢
Q Q A
O @) 4
O C4 @)
O @) A
Q Q /4
4 O O
o @ <
3 3 7
¢ 8 ¢
: ¥
@) 4 @)
O 4 4
O O O
Enabler



Building a Robust and Resilient U.S. Lithium Battery Supply Chain

B. Sustainability (e.g., decarbonization, Areas of hesitancy: In contrast, Li-Bridge participants
environmental protection, recycling) express hesitancy or mixed views on the following issues:

The Li-Bridge alliance recognizes the importance of creating o Bans: Industry is generally unsupportive of bans, e.g.,
an environmentally sustainable lithium battery supply chain.

The recommended initiatives promote sustainability in
several ways: o On importing materials from countries of concern,

e.g., DRC

0 On sea-based mining (seabed or seawater)

O On producing and selling ICE vehicles

o By promoting low carbon production

o By supporting R&D for more environmentally benign and

lower-carbon-emitting processes o Recycled content: Industry generally does not support

. ) ) . recycled content quotas given the unpredictable demand
0 By supporting recycling and circularity and supply cycles inherent in a fast-growing sector

0 By supporting the generation of reliable clean electricity o Fossil-fuel-free mining: Industry believes it is too early

to require 100% fossil-fuel-free mining and it is unclear
whether decarbonization targets for the mining sector
should be slower (or can be faster) than the economy-wide
net-zero pathway.

Areas of support: In addition to aligning on the above
recommended initiatives, Li-Bridge participants support the
following statements:

o Commitment: Industry is committed to (a) decarbonizing
in line with the stated U.S. goal of net-zero by 2050 and
(b) developing, operating, and shutting down operations in
an environmentally benign manner that is consistent with
government regulations.

o Carbon pricing: Industry is open to the concept of carbon
pricing, such as Europe’s carbon border adjustment
mechanism, but recognizes its implications extend far
beyond the battery industry.

o Transparency: While the industry supports sharing certain
information, such as material provenance, the industry
expresses concern that incremental cost of compliance
may deter customers and slow energy storage adoption.

o Financial obligations: While meeting sustainability goals,
companies must also continue to meet the financial
expectations of investors and the cost expectations
of customers.

o Differentiation: Companies want to compete
on sustainability and emissions and view it as a
competitive edge.

o Capital conditions: Access to government capital should
be, in part, dependent upon performance against simple,
clear environmental metrics (with performance assessed
on a sliding scale, not a binary threshold).

0 Electricity: Industry desires industrial zones served
by electricity generated from clean energy sources,
especially for mid- and downstream operations; some
industry members strongly prefer to know their facilities
are powered by 100% clean energy rather than purchase
renewable energy credits on a mixed grid.

o Circularity: Industry supports the creation of a world-class
domestic circular economy through a combination of laws,
standards, and incentives.

o R&D: Industry supports R&D investment in clean, low-
emission processes and materials.

o Accelerated permitting: While the industry is clear that
permitting in the U.S. must be accelerated to enable the
U.S. clean energy transition, the industry does not request
for lowering U.S. environmental standards.
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C. Equity (place-based, environmental,
social, and economic)

The Li-Bridge alliance recognizes the importance of
promoting equity in its many forms. In addition to
recommending initiatives that include enhanced community
engagement and workforce development efforts, the
Li-Bridge alliance agrees with the following statements:

o Companies must engage early and often with local
communities to understand their concerns and ensure that
projects benefit to the local community while minimizing
negative externalities.

o Reskilling workers from declining fossil-fuel-based
industries or identified communities should be prioritized
for staffing the battery industry’s workforce needs.

o Hiring U.S. workers should be prioritized before extending
visas to foreign nationals, where those skills exist or can be
learned quickly.

o Perfect must not be the enemy of good. The costs and
benefits of building a strong lithium battery supply chain
should be shared across all groups in aggregate, though
some projects may promote equity more than others.

D. Long-term economic competitiveness
Cultivating competitive advantage is critical for U.S. industry
to compete globally and reduce future need for government
subsidies and/or policy intervention.

The industry believes that with sufficient scale and time,
U.S. firms can gain sufficient know-how to narrow the
landed cost gap relative to other countries. However, to
build sustainable competitive advantage and overcome the
US’s higher costs and lack of critical mineral resources, the
industry believes the U.S. must lean into innovation and
speed to market.
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Li-Bridge’'s recommended initiatives support building
sustainable competitive advantage for the U.S. in innovation
and speed to market in several ways:

o By jumpstarting U.S. capacity investment to gain know-how
in high volume manufacturing.

o By investing in R&D for innovative materials, technologies,
and processes.

0 By supporting shared pre-commercial production lines
and commercialization support to bring U.S. innovations to
market more quickly.

0 By investing in workforce development to ramp
up production more quickly and drive continuous
improvement.

Innovation must occur in all forms (product, process, and
business model), at all levels (breakthrough innovation
and continuous improvement), and across all segments
(upstream to downstream) to ensure enduring demand for
US-produced products. To achieve this vision of innovating
in all areas, the U.S. must build upon its solid foundation
in materials innovation today and develop strengths in new
areas, such as manufacturing processes and equipment.

In building an innovation and commercialization eco-system,
the U.S. should leverage and build upon existing government
efforts, such as the Department of Energy National Labs,
Advanced Research Projects Agency - Energy (ARPA-E), and
Manufacturing USA.

By investing in R&D, commercialization support, and
workforce development, the U.S. industry can build a
sustainable engine of innovation that keeps U.S.-produced
batteries at the cutting edge and ensures continued demand
without government support.
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A.3. Recent developments (additional details)

The Biden-Harris administration recently published the
National Security Strategy in October 2022, which states
“strategic public investment is the backbone of a strong
industrial and innovation base in the 21st century global
economy”. The recommendations in this whitepaper are
grounded in the policy, regulatory, and legal frameworks
outlined in the Strategy and established through recent
legislative and executive actions.

The past year has withessed many developments with
implications for the U.S. lithium battery supply chain. Two
U.S. laws are most significant among these developments:
the Infrastructure Investment and Jobs Act of 2021 and
the Inflation Reduction Act of 2022.

o Infrastructure Investment and Jobs Act of 2021 (IlJA),
aka Bipartisan Infrastructure Law (CRS) (DOE FOA)

O Signed into law in November 2021. Authorized
$1.2 trillion, of which $550 billion was new spending
for infrastructure improvements, e.g., highways, power,
and water.

o Appropriated ~$76 billion over five years for energy
and minerals-related research, demonstration,
technology deployment and incentives, mostly through
the U.S. Department of Energy (DOE), including $7.9
billion for battery manufacturing, recycling, and
critical minerals.

O In February 2022, the DOE issued two funding
opportunity announcements (FOA) totaling ~$3 billion
to boost the production of advanced batteries and
components in the U.S. using funds appropriated to
the DOE from the IIJA.

o Inflation Reduction Act of 2022 (IRA)

o Signed into law August 2022. Raises $737 billion in
revenue through tax collection and deficit reduction,
invests $369 billion in energy security and climate
change measures, and $64 billion in extending the
Affordable Care Act.

O Included among the energy security and climate
change measures are significant investments for both
the supply and demand sides of the domestic lithium
battery supply chain.

Figure 9 summarizes the two laws’ key provisions affecting
the U.S. lithium battery supply chain and where they overlap
with Li-Bridge’s recommendations. Together, the I1JA and
IRA direct significant government funding and action toward
strengthening the U.S. lithium battery supply chain. The
industry is strongly encouraged by these actions. However,
the IIJA and IRA do not fully address the industry’s key
challenges, and much work remains to be done.

Figure 9 1IJA & IRA provisions provide significant support for improving U.S. investment attractiveness and

infrastructure, but gaps remain elsewhere

attractive- and material, People / private
Law & category of provisions Selected key provisions ness innovation infra Workforce alliance
1A (BIL)
Investments in the domestic battery Multiple grant programs to support battery material and component manufacturing and recycling
supply chain and supporting research  (totaling >$78B); scope covers R&D, ion, and i @ @ O O O
Investments in mapping/data Several provisions fund USGS efforts to accelerate mapping and data collection of mineral resources, O O @ O O
collection for critical minerals support mineral provenance tracking, and support energy and minerals research
Investments in infrastructure funding iated to US i broadly, including power and grid, roads, rail, and O O O @ O
ports
Calls for future work + DOE directed to study energy storage system codes and standards for greater collaboration and
conformity across sectors
* BLMand FS directed to establish for federal itting and review related to O @ O @ O
critical mineral mines on federal lands
+ DOE directed to assemble an energy workforce advisory board
IRA
Investments in the domestic battery +  Extension of investment tax credit for projects that reequip, expand, or establish qualifying
supply chain advanced energy projects (includes battery materials and components, among other) (CBO
estimates $10B through 2031)
*  New production tax credit for domestic production and sale of qualifying materials and @ C) O O O
components (includes battery materials and components, among others) (CBO estimates $308
through 2031)
*  Multiple other funding provisions for expanding DOE LPO ATVM lending authority, domestic
i ion grants, and use of DPA
Investments in clean transportation Multiple credits, grants, and funds to support consumer purchase and government procurement of @
clean vehicles. include eligibility i e.g., Sec. 13401 Clean Vehicle Credit O O O
includes requirements for sourcing of critical minerals and battery components.
Investments in permitting process Agency funding for efficient, accurate, and timely reviews for permitting/approval processes O O @ @ O
Gap & (Li-Bridge 1 dation pillar not addressed by IUA & IRA) L) ‘ ‘ . .

BIL sources: R47034 (congress.gov); R47262 (congress.gov); H. R. 5376 (Enrolled-Bill) (congress.gov)

Provision aligns with/overlaps Li-

Bridge recommendations
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Two additional recent U.S. federal government actions
highlight other major components of modern industry
strategy: the CHIPS and Science Act of 2022 (‘CHIPS Act’)
and the Defense Production Act (DPA). The CHIPS Act is

a clear demonstration of renewed industrial support at a
sector level (in this case, semiconductors). The Defense
Production Act (DPA) demonstrates how existing tools at the
government’s disposal can be applied to go further, faster.
Combined with the IRA and IlIJA, there now exists a strong
and timely foundation against which solutions outlined in
this whitepaper can be implemented.

A.4. Definition of key terms

Critical minerals: Per the Energy Act of 2020, a “critical
mineral” is a non-fuel mineral or mineral material essential
to the economic and national security of the U.S. and which
has a supply chain vulnerable to disruption. The USGS
applies a rigorous methodology to identify and evaluate
potential critical minerals and periodically publishes an
updated list of critical minerals. The USGS published the
latest critical mineral list in Feb 2022, which included

50 mineral commodities.® Critical minerals include but are
not limited to aluminum, cobalt, fluorspar, graphite, lithium,
manganese, and nickel.

9 U.S. Geological Survey Releases 2022 List of Critical Minerals | U.S.
Geological Survey (usgs.gov)
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Energy materials: Used in this report to refer to any material
used in the production of lithium batteries, including (a)
critical minerals, (b) non-critical raw materials, (c) chemical
intermediates, and (d) recycled materials/black mass.

Due to the complexities of refining and processing flow
sheets, numerous additional intermediate materials and
reagents used in the production of lithium batteries were not
explicitly evaluated as part of the Li-Bridge initiative. These
inputs include sulfuric acid, silane gas, hydrogen fluoride,
sodium carbonate, and more. However, the absence of
consideration of these inputs does not indicate Li-Bridge
views these items as immune from potential future supply
chain challenges.
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