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INTRODUCTORY NOTE

FROM NATIONAL ECONOMIC COUNCIL DIRECTOR BRIAN DEESE AND
NATIONAL SECURITY ADVISOR JAKE SULLIVAN TO THE PRESIDENT

Mr. President:

It is our privilege to transmit to you the first set of reports that your Administration has developed pursuant

to Executive Order 14017, OAmericads Supply Chain
vulnerabilities across four key products thatdliyected your Administration to review within 100 days:
semiconductor manufacturing and advanced packaging; large capacity batteries, like those for electric vehicles;
critical minerals and materiafsdpharmaceuticals and advanced pharmaceuticakinmtgrédPIs).

The enclosed reports are the work of a task force that we convened across more than a dozen departments
and agencies, consultations with hundreds of stakeholders, public comments submitted by industry and
experts, and deep analytic resdaraxperts from across the government. We would like to particularly

thank the four agencies that took the lead in authoring each of the enclosed reports: the Department of
Commerce on semiconductor manufacturing and advanced packaging; the Departarggtarf large

capacity batteries; the Department of Defense on critical materials and minerals; and the Department of
Health and Human Servicparticularlyhe Food and Drug Administrati@mn pharmaceuticals and APIs.

This work has complemented othverk your Administration has undertaken to strengthen U.S. supply

chains, including the work to dramatically expand the supply of d9QWVHacines and other products
essential to Americands health.

Departments and Agencies across your Administraticmhaa | r eady begun to i mpl eme
recommendations. These include steps to strengthen U.S. manufacturing capacity for critical goods, to
recruit and train workers to make critical products here at home, to invest in research and development that

wi || reduce supply chain vulnerabilities, and to v
supply chain resilience. Both the public and private sector play critical roles in strengthening supply chains,
and your Administrationwibant i nue t o wor k with industry, | abor,

chains stronger.

We have already launched the second phase of the supply chain initiative you directed in E.O. 14017, which
reviews six critical industrial base sectors that
industrial base, public health amddgical preparedness industrial base, information and communications
technology industrial base, energy sector industrial base, transportation industrial base, and supply chains for
production of agricultural commodities and food products. We witllvaploto you on those sectors by

February 24, 2022, the gmar mark of your signing E.O. 14017.



The 106eday reports make clear: more secure and resilient supply chains are essential to our national security,

our economic security, and our technolblgiadershipThe wor k of strengthening A
chains will require sustained focus and investment. Building manufagaditg increasing job quality

and worker readiness, inventing and commercializing new products, and stcerajttiemis with

Americads allies and partners will not be done ov

across your Administration to ensure that America

to come.

JAKE SULLIVAN, Assistant to the President for BRIAN DEESE, Assistant to the President for
National Security Affairs Economic Policy and Director of the National
Economic Council



EXECUTIVE SUMMARY
FOR E.O. 14017 REPORTS DUE JUNE 4, 2021

l. Introduction:

The COVID-19 pandemic and resulting economic dislocation revealsthlmtigg vulnerabilities in our

supply chains. The pandemi ¢cds a magisat products inclidingt s o n
essential medicines wreaked havoc on the U.S. healthcare system. As the world shifted to work and learn
from home, it created a global semiconductor chip shortage impacting automotive, industrial, and
communications productsnong others. In February, extreme weather @wexdaserbated ljimate

chang@é further exacerbated these shortages. In recent months the strong U.S. economic rebound and
shifting demand patterns have strained supply chains in other key produsthjmmbehn, @nd increased

strain on U.S. transportation and shipping networks.

On February 24, 2021, President Biden signed Exec
which he directed the U.S. government to undertake a comprehensivé ceitieal U.S. supply chains to
identify risks, address vulnerabilities and develop a strategy to promote resilience. When the President signed

the order, he invoked an old proverb: OFor want o
was | ost. o And on, and on, until the kingdom was
i mpact Americads security, j obs, families, and co

To undertake this comprehensive review, the Biden Administration establishedlagktéorce

spanning more than a dozen Federal Departments and Agencies. Administration officials consulted with
hundreds of stakeholders from labor, business, academic institutions, Congress, and U.S. allies and partners
to identify vulnerabilities addvelop solutions. Federal Departments and Agencies received hundreds of
written submissions in response to requests for public input into the supply chain initiative. Dozens of
experts across the interagency have been conducting detailed studimsppliyJcBains for critical

products and developing policies that will strengthen resilience.

What follows summarizes the findings of the initial set of reviews of the supply chains of four critical
products: semiconductor manufacturing and advancedjipgckarge capacity batteries; critical minerals and
materials and pharmaceuticals and active pharmaceutical ingredients (APIs).

Why Resilient Supply Chains Matter

More secure and resilient supply chains are essential for our national securitynéusecority, and our
technological leadership.

National security experts, including the Depart me
underlying commercial industrial foundations are central to our security. Reports from bo#mReylblic
Democratic administrations have raised concerns a
suppliers;a global supply chain vulnerable to disruption; and competitor country suppliers. Innovations
essential to military preparedfielee highly specialized lithisom batterie® require an ecosystem of

innovation, skills, and production facilities that the United States currently lacks. The disappearance of
domestic production @ssentiantibiotics impairs our ability to countee#its ranging from pandemics to

biot errorism, as emphasized by the FDA®s analysis ¢
Depart ment of Defense, AfAssessing and Strengthening th
Chain Resiliency, 6 2018 (https: /[-1/-td&ASSESSINGANR-Nnse. gov/ 201

STRENGTHENINGTHE-MANUFACTURING-AND-DEFENSEINDUSTRIAL -BASE-AND-SUPPLY-CHAIN-
RESILIENCY.PDF).



Our economic securitysteady employment and smooth operations of critical indusisegequires

secure and resiiesupply chains. For more than a decade, the Department of Defense has consistently

found that essential civilian industries would bear the preponderance of harm from a disruption of strategic
and critical materials supply. The Department of Energytihatetoday, China refines 60 percent of the

worl ddés I ithium and 80 per cent-capatity hattedgesmhicnr | dds cob
presents a critical vulnerability to the future of the U.S. domestic auto industry.

Finally, our domestionovation capacity is contingent on a robust and diversified industrial base. When
manufacturing heads offshore, innovation follows. The Department of Commerce notesstelelarge
public investment in semiconductor fabrication has allowed Koregaivaadese firms to outpace U.S.

based firms. As t he Dutimatelytvailene trives lhoth Qmowatioe and e war n s
operational learning; in the absence of the commercial volume, the United States will not be able to keep up
[ é] witmoltdhgy teicth terms of quality, cost, or wor ki

A New Approach

A resilient supply chain is one that recovers quickly from an unexpected event. Our private sector and public
policy approach to domestic production, which for years, prioritized effici@hmy costs over security,
sustainability arrésiliencehas resulted in the supply chain risks identified in this report. That approach has
also undermined the prosperity and health of American workers and the ability to manage natural resources
domesically and globally. As the Administration sets out on a course to revitalize our manufacturing base
and secure global supply chains, rebuildingsitiencat the national level requires a renewed focus on
broadbased growth and sustainability.

Amei cads approach to resilient suppl yourcuhrigaleds mu st
innovation ecosystem, our people, our vast ethnic, racial, and regional diversity, our small-ambchedium
businesses, and our strong relationshipsailés and partners who share our values.

As multiple reports note, thenited Statesiaintains an unparalleled innovation ecosystem withclasdd
universities, research centers-sfartand incubators, attracting top talent from around the wueld. T
Administration must doubtwn on our innovation infrastructure, reinvesting in research and development
(R&D) and accelerating our ability to move innovations from the lab to the marketplace.

American workers must be the foundation for resili&®slient production requimpgick problem

solving, driven by the knowledgadershipand full engagemesftpeople on the factory floor. Decades of
focusing on labor @cost to becontrolledi not an asset to be investeit mavedepressed reabhges and

driven dowruniondensity for workersyhile also contributiigo c ompani e s dandkeepind enge s
skilled talent. We must focus on creating pathways for all Americans to access well paid jfres with the

and fair choict organizend bargain collectively.

We must ensure that economic opportunities are availalblgarts of theountry and for womepeople

of color, and others who ateo often left behind Inequality in income, race, and geography is keeping

millions of potatial workers, researchers, and entrepreneurs from contributing fully to growth and

innovation. Today, children with the talents to become inventors, are less likely to become patent holders if
they are lovincome, women, African American, Latino, or fi@advantaged regia@n3he

Admini strationds approach must pr ofvwokers, access and
researchers, and business@®ers in the growing industries of the 21st century.

A robust and resilient supply chain must incwtieerse and healthy ecosystem of suppliers. Therefore, we
must rebuild our small and medisimed business manufacturing base, which has borne the brunt of the
hollowing out of U.S. manufacturing. We also need to diversify our international suppidusen

2Al ex Bell, Raj Chetty, Xavier Jaravel, Nevi ana Pet kova
America? The | mportance of Exposure to I nnovlagyti on, 0 N
of-opportunity.org/assets/documents/inventors_summary.pdf).



geographic concentration risk. It is neither possible nor desirable to produce all essential American goods
domestically. But for too long, the United States has taken certain features of globatspatielly the

fear that companies and italpwill flee to wherever wages, taxes and regulations are snasvitable.

In the face of those same pressures, other countries successfully invested in policies that distributed the gains
from globalization more broadly, including to workersraalll lsusinesses. We must press for a host of

measurds tax, laboprotections, environmentsthndards, and mdrehat help shape globalization to

ensure it works for Americans as workers and as f
apprach to resilience must focus on building trade and investment partnerships with nations who share our
valueB valuing human dignity, worker rights, environmental protection, and democracy.

Finally, a new set of risks confronts U.S. policy makers andsdasides. Technological change and the
power of cybeattacks to derail the critical indusitrié®m energy to agricultéireequire new public

private approaches to resilience. And, we must confront the climate crisis. Meeting U.S. decarbonization
aimswill involve a massive domestic build out of clean energy technology; for an issue so central to U.S.
economic and national security, we cannot afford to be agnostic to where these technologies are
manufactured and where the associated supply chainmgndriginate.

A sectdoy sector approach

The BiderHarris Administration has already begun to take steps to address supply chain vulnerabilities. The
Admi ni st r atl9 Respdnse T€ad daaaticallgxpanded the manufacture of vaccines and

othe essential supplies, enabling moretBZmillionAmericans tde fully vaccinatedlhe

Administration has also worked with companies that manufacture and use computer chips to identify
improvements in supply chain management practices that cahestrémegsemiconductor supply chain

over time. Just this year, the Department of Defense announced an investment in the expansion of the
largest rare earth element mining and processing company outside dh€BiderHarris

Administration is also wang to address critical cyber vulnerabitifiesS. supply chains and critical
infrastructur e, including issuing E.O. 14028 on 0O
The recommendations we are releasing today build on this woikvadelppath forward for greater

investment and growth.

Not all recommendations will be relevant to all sectors, and a sector by sector approach will continue to be
necessarMethods of garding against singleurce risk in the critical minerals sugipyn, for example, is

limited in part by where natural resources exist. Tools including ally astidriaggdand stockpiling,

along with investmentssastainabldomestigroduction angbrocessing will all be necessary to strengthen
resilienceSectors where we seek to advance our technological compefitiilenbgghcapacity

batterieB will require an ecosystdmilding approach that includes supporting domestic demand, investing

in domestic production, recycling and R&D, and targeting sapfiwtU.S. automotive workforce.

The remainder of this executive summary covers the E.O. 14017 process, key vulnerabilities across the four
initial critical supply chains; recommendations for securing these vulnerable supply chains; and immediate
actionghe administration should take to address transitory supply chain challenges.

Il. Critical Supply Chains Identified in E.O. 14017

E.O. 14017 directed the government to focus initially on four key sets of products during the first 100 days
following its siging. These initial priority products are:

1 Semiconductor manufacturing and advanced packagingsemiconductors are an essential
component of electronic devices. The packaging, which may contain one or more
semiconductors, provides an alternative avenmadwation in density and size of products.
Semi conductors have become wubiquitous in tod.
grid infrastructure, run critical business and government systems, and are prevalent across a vast
array of productisom fridges to fighter jets. A new car, for example, may require more than
100 semiconductors for touch screens, engine controls, driver assistance cameras, and other

8



systems.The U.S. share of global semiconductor production has dropped from 3drpercen
1990 to 2 percent today, and is projected to decline further without a comprehensive U.S.
strategy to support the indugtry.

9 Large capacity batteries:As the United States transitions away from fossil fuels for power
generation and electrifies automotive and trucking fleets, large cagztiigries for electric
vehicles (EVs) and grid storage will be essential to U.S. economic and national security. Global
demand for EV batteries is projected to grow from approximately 747 gigawatt hours (GWh)
2020 to 2,492 gigawatt hours by 2@disent policy intervention, U.S. production capacity is
expected to increase to only 224 GWh during that period, but U.S. annual demand for passenger
EVs will exceed that capaéitylai nt ai ni ng Americads innovative
automotive sector and other key industrial sectors will require the United States to undertake a
concerted effort tehoreup sustainable critical material supply and processing cagaaity,
domestic battery producticend support EV and storage adoption

9 Critical minerals and materials: The United States and other nations are dependent on a
range of critical minerals and materials that are the building blocks of the productsnye use eve
day. Rare earths metals are essential to manufacturing everything from engines to airplanes to
defense equipment. Demand for many of these metals is projected to surge over the next two
decades, particularly as the world moves to eliminate neteraigsions by 2050. For
example, global demand for lithium and graphite, two of the most important materials for
electric vehicle batteries, is estimated to grow by more than 4000 percent by 2040 in a scenario
where the world achieves its climate go#sgraiphite projected to grow nearly 2500 petcent.
China was estimated to control 55 percent of global rare earths mining capacity in 2020 and 85
percent of rare earths refininglhe United States must secure reliable and sustainable supplies
of critical minerals and metals to ensure resilience across U.S. manufacturing and defense needs
and do so in a manner consistent with Americ

1 Pharmaceuticals and active pharmaceutical ingredients (APIsfhe COVD-19 pandemic
highlighted the critical importance of a resilient U.S. public health industiiéé lsasdinue to
address resilience challenges in the broader pandemic supply chain through actions prescribed in
EO 14001, including a pandemic supply chailience strategy to be completed in July that will
outline objectives and actions for kergn resilienceThanks to the work by both government
and the private sector, in less than a yebiniterl States dramaticéfigreased its capacity for
vacine production. But shortages of critical generic drugs and APIs have plagued the United
States foyears Multiple factors, including lack of incentives to manufacture less profitable
drugs andnderinvestment in quality management, both at home aad,dmeresulted in

3Jack Ewing and Don Clark, ALack of Tiny PaiTheNewDi srupt s
York Times(https://www.nytimes.com/2021/01/13/business/dattioriessemicondator-chips.html).
“Antoni o Varas, Raj Varadarajan, Ji mmy Goodri ch, and Fa
Competitiveness in Semiconductor Manufacturing, 0O Sept el
Industry Association, (httpswivw.semiconductors.org/wpontent/uploads/2020/09/Governméntentivesand
US-Competitivenesin-SemiconducteManufacturingSep2020.pdf).
SiLit-hbomBattery Megafactory Assessment, o Benchmar k Min
(https://www.benchmarkmerals.com/megafactories/).
Al ice Yu and Mitzi Sumangil, ATopl & eRatrtier WeGdmgd ei tMar
February 16, 2021, (https://www.spglobal.com/marketintelligence/enfmesights/blog/topelectricvehicle
marketsdominatelithium-ion-batterycapacitygrowth).
“lnternational Energy Agency, AThe Role of Critical Mi n
(https:/liea.blob.core.windows.net/assets/24d5a@bbad64 -abce
667867207f74/TheRoleofCriticalMineralsinCléamergyTransitions.pdf).
8Carl A. Williams, AChina Continues Dominance of Rare E
Mining.Com, (https://www.mining.com/chireontinuesdominanceof-rareearthsmarketsto-2030-saysroskill).
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fragile supply chains vulnerable to disruption. Fu8thpercent afjeneriddPI facilities are

located overseas which hakpededuce costs by trillions of dollars in the past decadiasbut

left the U.S. health care systemenalble to shortages of essential medicésle lack of

data and supply chain transparency make it difficult to estimate the precise share of key U.S.
drugs and APIs imported from abroad, China and India are estimated to control substantial parts
of the supply chaif. A new approach is needed to ensure that Americans have reliable access

to the lifesaving medicines they need.

Il. Drivers of Supply Chain Vulnerability:

Across the four critical produ@tand the diverse supply chains that undgrpimi the Administration

assessed a wide range of supply chain risks and vulnerabilities. The Administration examined risks
throughout the supply chains, from the sourcing of raw materials through the manufacture and distribution
of finished goods. dkossthe reports, there are a set of inddaited themes and findings that contribute to
supply chain vulnerabilities. These are:

1. Insufficient U.S. manufacturing capacity:U.S. manufacturing capabilities have declined over
the several decades. The firsade®f the century was particularly devastating for U.S.
manufacturing with the loss of eh&d of manufacturing jobs between 2000 and2@dall
and medium enterprises (SMEs) were particularly hard hit. Some of this decline can be
attributed to comgdtition from low wage natigh®conomists have estimated that about 25
percent of the job losses can be attributed to the rise of China, particularly following its entrance
into the World Trade OrganizatigiBut the United States has also seen produgtieityh
stagnate internally and compared to economic peers, for example, trailing Germany on average
and in most industriés.Today, in the Unites States, SMESs are often less productive than large
manufacturers. Count ers taor ep ocpounhianrg ,bdée | niaenfys SN
manufacturers are underinvesting in new technology to increase their productivity.

Our loss of manufacturing capabilities has led to a loss in innovation ¥dganitjacturing
capabilities underpin innovation in a rangecafymts and once lost, are challenging to build
back. Inrecent decades, when production capacity headed overseas, the R&D and broader
industrial supply chains often followed.

2. Misaligned Incentives and shoritermism in private markets: All four reportanake clear
that current U.S. market structures fail to reward firms for investing in quality, sustainability or

9 Food and Drug Administration, Testimony before the House Committee on Energy and Commerce, Subcommittee

on Health regarding ASafeguarding Pharmaceutical Suppl)
(https://www.fda.gov/newevents/congressionédstimony/safeguardingharmaceuticasupply-chainsglobal
economy10302019).

®Yangzong Huang, fAU.S. Dependence on Phar maceutical Pr ¢
Foreign Relations Blog, (https://www.cfr.org/blog/despendenc@harmaceutial-productschina).

O0rganization for Economic Cooperation and Devel opment
New Production Innovation Par adi g msmaaufat@idgdeclinegandt t ps: / / w
the-rise-of-newproductioninnovation
paradigms.htm#:~:text=The%20number%200f%20manufacturing%?20jobs,just%2012.3%20million%20in%202016)

2pavid H. Autor, David Dorn, and Gordon H. Hanson, HAThe
Import Competition in the United Stae &medican Economic Reviel®3, no. 6, 2013
(https://pubs.aeaweb.org/doi/pdfplus/10.1257/aer.103.6)2121
BMartin Neil Baily, Barry Bosworth, and Siddhi Doshi,
United States, and Germany, 0 2019, The-Brookings I nsti:
content/uploads/2020/01/E530.20BailyBosworthDoshi.pdf)
14 Gary P. Pisano and Willy C. ShiRroducingProsperity: Why America Needs a Manufacturing Renaissance
(Boston: Harvard Business Press, 2012).
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longterm productivity. For exampddsoutdrug shortages over the past decade, the

Department of Health and Human Services writes in its tepe caye of these failures is the
inability of t he Aloaverkageandlovekilledwarkfodcemayal i ty. 6
increase a firmds quarter | yr oeaadrdn isnt g sa,t ebgu te sr ec
wages without harming ptefis Other kinds of investmeiiitan capabilities for continuous

improvement or in reducing lead fimiacur an upfront cost, but lead to improved

performance in both normal and crisis petfotllderinvestment in cyber security has left

companies and critical infrastructure vulnerable to hacks and other cyberattacks.

A focus on maximizing shdgrm capital returns hizsitot he pri vate sector ds
in longterm resiliencefFor example, firms in the S&P 500 Index distributed 91 percesit of

incometo shareholdeiia eitherstock buybacks or dividends between 2009 anédl Zbi8has

meant a declining share of corporate income going into R&D, new facilities or resilient

producton processes.

3. Industrial Policies Adopted by Allied, Partner, and Competitor NationsAs U.S.
investment in the domestic industrial base has declined, our allies, partners and competitors have
adopted strategic programs to advance their own daroegietitiveness. The Department of
Energyds analysis of the advanced battery su
support for demand policies, investment incentives, and regulatinatdoih the EU and
memberstate levél to stimulate dom#és production of electric vehicles and lithiam
batteries. After a 2019 EU report designating the batstyadégic interestine EU
announced a $3.5 billion R&D fund to increas
of Co mme sigdf thesglotmlrsenicgnductor supply chain notes ailwaglobal
leader in production of the most advanced semiconductdr ghipsdessubsidies for
fabrication facilities including 50 percent for land costs, 45 percent for construction and facilities
and 25 percent for semiconductor, in addition to R&D investments and other incentives. South
Koreads and Singaporeds semiconduct o8B0 subsi d
percent.

Across all four reports, China stands out fagitgesive use of measuiemany of which are

well outside globally accepted fair trading préicticetimulatelomestic production and

captue global market share in critical supply chains. Several strategies, including public
investments in R&D, domestic deahdncentives, and strategic international partnerships have
been used to support batsiliencend competitiveness of key economic sectors.

4. Geographic concentration in global sourcing:To ensure resilient supply chains, it is essential
that they be globalizeHlowever, the search for lmw@st production, combined with the
effective industrial policy of key nations, has led to geographic concentrations of key supply
chains in a few natis, increasing vulnerabilities for United States and global producers. Such
concentration leaves companies vulnerable to disruption, whether caused by a natural disaster, a

BThomas A. Kochan, Eileen Appelbaum, Jody Hoffer Gittel
Dimensiono f Sustainable I nvestment: What I nvestment Anal ysi
(https://papers.ssrn.com/sol3/papers.cfm?abstract_id=22R2657
16 Suzanne de Treville and Lenos Trigeorgis, "It May Be Cheaper to Manufacture at Htametd Business
Review October 2010 ,https://hbr.org/2010/10finay-be-cheapetto-manufactureat-home. JP MacDuffie, Daniel
Hel l er, and Takahiro Fujimoto, @ABui |l dfianngd eSwipcp IWo rQhdaion
Wharton School Working Paper, 20@tttps://mackinstitute.wharton.upenn.edu/2021/builesogply-chain
continuity-capabilitiesfor-a-postpandemieworld).
YWilliam Lazonick, Mustafa Erdem Sakin-, and Matt Hopki
E ¢ o n o HayardBusiness Reviedanuary 7, 2020 (https://hbr.org/2020/01/vgtgckbuybacksaredangerous
for-the-economy).
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geopolitical event or indeed, a global pandemic. From the studies conduetetctqp & <.

14017, it i s clear in the Department of Comm
dependent on specific countries for parts of the value chain of all of these products. The global
economy depends on Taiwanese firms for 92 pefdeatlingedge semiconductor production.

China has over 75 percent of global cell fabrication capacity for advanced batteries, as noted in

t he Department of Energyds report. While the
suggests India and Chicompete for market share of many U.S. medicines, industry analysis
suggests India imports nearly 70 percent of its APIs from China.

5. Limited International Coordination: Prior to the COVID19 pandemic, the U.S. government
underinvested in internationdiplomatic efforts to develop collective approaches to supply
chain security. While expanded domestic production of critical goods must be part of the
solution to Americads supply chain vulnerabi
needed pragcts at home. Moreover, the United States has a strong national interest in U.S.
alliesand partnersnproving the resilience of their critical supply chains in face of challenges
such as the COVI29 pandemic, extreme weather events due to climate ehdnge
geopolitical competition with Chintghat affect both the United States and our allies. Yet aside
from a handful of pilot projects and other comparatively small diplomatic and multilateral
initiatives to secure supply chains, the United States bgsteimatically focused on building
international cooperative mechanisms to support supply chain resilience.

It will take a concerted effort over the shonediurnand longterm to adequately address these and put

U.S. supply chains on stronger faptiithe following recommendations provide an overarching framework

for doing so that will ensure the countryds natio
going forward.

RECOMMENDATIONS

The four reports delivered to the Presitlafly contain numerous recommendations to strengthen the
individual product supply chains. There are also severalitingghemes and recommendations that,
collectively, will not only strengthen the four prioritized supply chains, but also lvitheebus. industrial
base and innovation engine.

We divide the recommendations into six categories: 1) Rebuilding our production and innovation

capabilities; 2) supporting the development of markets with high road production models, labor standards,

ad product quality; 3) Il everaging the government &
rules, including trade enforcement mechanisms; 5) working with allies and partners to decrease vulnerabilities
in the global supply chains; apgd&tnering with industry to take immediate action to address existing

shortages.

1. Rebuild our production and innovation capabilities

Longterm competitiveness will require an ecosystem of production, innovation, skilled workers, and diverse
small anenediumsized suppliers. Those ecosystgrsinded in regions across the couarteythe

infrastructure needed to spur private sector investment in manufacturing and innovation. But that
infrastructuravill notberebuiltor sustained without the suppand leadership of the federal government.
Specific recommendations to rebuild our industrial base include:

Enact new federal legislation that will strengthen critical supply chains and rébirtduslingnitlassfiatrhatee
investments within the American Jobs Plan:

1 Provide dedicated funding for semiconductor manufacturing and R&DWe recommend
thatCongress support at least $50 billion in investments to advance domestic manufacturing of
leading edge semiconductors; expand capaugyure nodand memory production to
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support critical manufacturing, industrial, and defense applicatiomsrreotd R&D to ensure
the next generation of semiconductors in developed and produced in the United States.

1 Provideconsumer rebates and tax incentives t&pur consumer adoption of EVs:We
recommend Congreasthorizenew and expandéttentives to spuoasumer adoption of
U.S:madeelectric vehiclesn additionwe recommend Congress app&ivéillion to electrify
the federal fleet with U-®ade EVs an#i15 billion in infrastructure investment to build a
national charging infrastructure to faciliteé@ationwideadoption of EVs.

9 Provide financingacross the full battery supply chain In line with the American Jobs Plan,
we recommend th&ongress establisbw incentive® support battery cell and pack
manufacturing in the United Statasludng grant programs that can help entrepreneurs who
do not have the ability to access tax credits in the shdrt ke immediate terrihe
Depart me ntLoanfProdgiame Officey shauld useAldeanced Technology Vehicles
Manufacturing Loan Program, which has approximately $17 billion in loan authority, to
expeditiouslyeview applications from critical material and mineral refining and processing
facilities and to requip, expand, or establiabilities for manufacturing advanced technology
vehicle battery cells and pdokhie United States.

i Establish a new Supply Chain Resilience Prograrfie recommend th&tongress enact the
proposed Supply ChdResiliencrogram at the Department of Goerce, to monitor,
analyze, and forecast supply chain vulnerabilities and partner with industry, labor, and other
stakeholders to strengthen resilience. We recommend Congress back this program with $50
billion in funding that will give the federal govemirihe tools necessary to make
transformative investments in strengthening U.S. supply chains across a range of critical
products.

1 Deploy the Defense Production Act (DPA) to expand production capacity in critical
industries: We recommend establishingew interagency DPA Action Groupgcommend
ways tdeverage the authorities of the DPA to strengthen supply chain resilieaextent
permitted by lawThe DPA has been a powerful tool to expand production of supplies needed
to combat the COVIEL9 pandemic, and has been used for years to strengthen Department of
Defense supply chains. The DPA has the potential to support investment in other critical
sectors and enable industry and government to collaborate more effectively.

Increase publisiments in R&D and commercialfkatigrroducts:

1 Investin the development of next generation batteriedVe recommend théte Energy
Departmentnd other federal agencies continue to support technologies that will reduce the
critical mineral requirements of next generation electric vehicle and grid storage technologies,
and that improve U.S. competitiveness in this critical sector. Among ottiesphie Lhited
Stateshould focus onf1)reducing or eliminating critical or scarce materials needed for EV or
stationary storage, including cobalt and n{2ketcelerating battery technology advances
including next generation lithium ion athdum metal batteriesdsolid state design, af®)
devel oping innovative methods and processes |
reclaim key materials, andinteoduce those materials to the battery supply chain.

1 Investin the developnent of new pharmaceutical manufacturingnd processes We
recommend the Department of Health and Human Sethie@epartment of Defensand
other agencigscrease their funding of advanced manufacturing technologies to advance
continuous manufactag and the biomanufacturing of APIs. American Rescue Plan funds
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could be targeted to increase production of key pharmaceuticals and ingredients, including using
both traditional manufacturing techniquesaagdleratingn-demand manufacturing

capabilities for supportive care fluids, APl and finished dosage form drugs in modular, highly
portable platforms.

Use immediate administrative authorities to support an ecosystem of producers and innovatbrs including SMEs
workers:

1 Work with industry and labor to create pathways to qualitypbs, with a free and fair
choice to join a union,through sectorbased community college partnerships,
apprenticeships and orthe-job training: The Depart ment ofndLabor ds E
Training Administration (ETA) should support seotmed pathways to jobs, for example in
the semiconductor industry. We recommend that the Administration use ETA funds to work
with industry and labor, community colleges, angnmdit partners to saport pathways to
advanced manufacturing employment through Registered Apprenticeship anobliogms
supporting other labananagement training programs

1 Supportsmall, medium and disadvantaged businesses in critical supply chairithe Small
Business dministration (SBA) shoudipportthe dversification of critical suppliers through a
targeted effort to better coordin&d Aréinge of investment and technical assistance programs
for small businesses atisadvantagdams in the four targeted indres and firms seeking to
enter those industrieSBAlending and investment products provide vital capital to small
businesses, and the Small Business Investment Company program ettfens dajuity
investment in critical competitiveness sectorsSifiladl Business Innovation Research and
Small Business Technology Transfer competitive programs, will support a diverse portfolio of
small businesses to meet research and development needs, and increase commercialization.

1 Examine the ability of the U.S. Exportimport Bank (EXIM) to use existing authorities
to further support domestic manufacturing: We recommend that EXIM develop a proposal
for Board consideration regarding whedinerhow tdmplemen& new Domestic Financing
Progam to support the establishment and/or expansion of U.S. manufacturing facilities and
infrastructure projects in thimited Statethat would support U.S. exporfBhe proposatould
support and facilitate U.S. exports while rebuilding U.S. manufactpaicity .

2. Support the development of marketthat invest in workers, value sustainability, and drivguality

The resilience of national supply chaioslisas good dke resilience of supply chains at the firm level.

Harnessing and unleashing thegyamd ingenuity of the private setttamprove resilience will lead to
strongemnational supply chain resilience. Standards and data are povedifat edtmw firms to

differentiate their products and services on more than justaticeeate maret o pul | 6 t owar d @
t h e . Thege deports identify key areas where government could play a more active role in setting

standards and incentivizing highd business practices. By establishing strong domestic standards or
advocating fortheesa bl i shment of gl obal standards, the Unit
to creat and adopt resilient practices.

1 Create 21st century standards for the extraction and processing of critical minerg¥e
recommend that the governmentykiry with private sector and rgavernmental
stakeholders, encourage the development and adoption of comprehensive sustainability
standards for essential minerals, such as lithium, cobalt, nickel, copper, and other minerals. We
further recommend estatbling an interagency team with expertise in mine permitting and
environmental law to identify gaps in statutes and regulations that may need to be updated to
ensure new production meets strong environmental standards throughout the lifecycle of the
project ensure meaningful community consultai@hconsultatiowith tribal nations,
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respecting the governmdotgovernment relationshit all stages of the mining process; and
examine opportunities to reduce time, cost, and risk of permitting withowmisimgrthese
strong environmental and consultation benchmarks.

91 Identify potential U.S. production and processing locations for critical mineralsiVe
recommend that federal agencies, led by the Department of Interior with the support of the
White Houséffice of Science and Technology Policy, establish a working group comprised of
agencies such as thepartment of Agriculture, tBvironmental Protection Ageneynd
othersto identify potential sites where critical minerals could be sustainably and responsibly
produced and processed in the United States while adhering to the highest environmental, labor,
community engagement, and sustainability standéedecommend thétderal agencies work
with the private sector, states, tribal nations, and stakéhatd&rding representatives of
labor, impacted communities, and environmental justiceflemdexpand sustainable,
responsible critical minerals production and pingaaghe United States.

1 Improve transparency throughout the pharmaceuticals supply chairHHS should develop
and make recommendations to Congress on providing the department with new authorities to
track production by facility, track APl sourcing raqdire API and finished dosage form
sources can be identified on labeling for all pharmaceuticals sold in the United States. Currently,
there is little transparency into the origins of API within generic drugs, which represent, 90
percent of all pharmageals consumed in the United States.

3. Leverage t he g o werchaserefrand@gestar im tridcal gonds a

As a significant customer and investor, Federal Government has the capacity to shape the market for many
critical products. The publiector can depldpis power in times of criBisuch as in the recent public

private partnerships to facilitate development and delivery of a @@V#Hacin@ or in normal times. The
Administration should leverage this role to strengthen supply chaiteesild support national priorities.

1 Use federal procurement to strengthen U.S. supply chaingVe recommend thai
connectionwith he Admi ni strationds oOMade in Americabo
Biden Administration establish a list ofgiested critical products tlitatecommendeeceive
additional preferences under the Buy AmericaanfldEAR Council regulaticiasensure that
the federal government procures-th&de critical product$resident Biden has directed the
Administration to strengthen federal Buy American requirements, which require that U.S.
taxpayer dollars generally be spent on products made in the United States. Federal procurement
has the potential to support U.Sdurction of critical products by creating a stable source of
demand for U.Snade producis thereby providing an incentive for the private sector to invest
in U.S. manufacturing.

1 Strengthen domestic production requirements in federal grants for sciencedaclimate
R&D: I'n I'ine with the Pr e swvieckombeddsthBiderdgriai gn com
Administration shouldpdate manufacturing requirements in federal grants, cooperative
agreements and R&D contracts to ensure that taxpayer funded R&Dpeadiscts made in
the United States. We recommend that the Department of Energy immediately strengthen
domestic manufacturing requirements for grants, cooperative agreements and R&D contracts,
including those related to lithium batteries, using the Dreéoms of Exceptional
Circumstances under the B&gdie Act and other legal means. In addition, an interagency
working group should be established to identifypbastices and develop and implement
further improvements across the government.



1 Reformand strengthen U.S. stockpilesfor too long, the strategic stockpiles of the United
States have been neglected, and at times, its funds have been used to offset other costs. The
rehabilitation of stockpiles of medical goods and devices, espeaaityfibbsthe ongoing
COVID-19 pandemic, is already under way. However, similar action needs to be taken to
recapitalize and restore the National Defense Stockpile of critical minerals and materials. In the
private sector, we recommend that indushégshtive faced shortages of critical goods evaluate
mechanisms to strengthen corporate stockpiles of select critical products to ensure greater
resilience in times of disruption.

1 Ensure that new automotive battery production in the United States adhereshigh
labor standards: Tax credits, lending and grants offered to businesses to produce batteries
domesticallghould, to the extent permitted by lemsure the creation of quality jobs with the
free and fair choice trganizeand bargain collectivéty workersin newappropriationswe
recommend thalongress inclugeevailing wage requirements, similar to those included in the
American Recovery and Reinvestment Act of 20@Yecommend th&@ongress also include
standards that cover construatisuch agl) mandateliring percentages from registered
apprenticeships and other labor or labanagement training programs; (2) project labor,
community labor and local hire requirements; and (3) employer neutrality aghMEments.
recommend impleme&ng similar standards for production workire.resulting high
productivity allows these firms both to pay high wages and be préfitable

4. Strengthen international trade rules, including trade enforcement mechanisms

Whilethe Administration welcomfsgr competition from abroad, in too many circumstances unfair foreign
subsidies and other trade practices have adversely impacted U.S. manufacturing and more broadly, U.S.
competitiveness. The practice of sobsidizeanindustryand du
gain market share and then flood the market with cheaper products to wipe out competition, has been
documented in a number of industries including pharmaceuticals and clegnTéretdys. government

must implement a compreheesstrategy to push back on unfair foreign competition that erodes the

resilience of U.S. critical supply chains and industries more broadly.

1 Establish a trade strike force:We recommenthe establisment ofa US Trade
Representatived trade strike foeto identifyunfair foreign trade practices that have eroded
U.S. critical supply chaansd torecommendradeactiors to address such practicé¥e also
recommend that supply chain resilience be incorporated into the U.S. trade policy approach
towardsChina. We also recommend that the trade strike force elamaeésting U.S. trade
agreementasnd future trade agreements and measamdslstrengtheithe United Statesd
collective supply chain resilience.

1 Evaluate whether to initiate a Section 232 investigation on imports méodymium
magnets: Neodymium (NdFeB) permanent magnets play a key role in motors and other
devices, and are important to both defense and civilian industrial uses. Yet thevilyS. is hea
dependent on imports for this critical product. We recommend that the Department of
Commerce evaluate whether to initiate an investigation into neodymium permanent magnets
under Section 232 of the Trade Expansion Act of 1962.

18 Susan Helper, Ryan Noonan, Jessica R. Nicholson, and David Lahgoh,e Benef it s and Costs o
Apprenticeship: A Business Per GapedNestdarnReserve Ubieersiyr t ment of
November 2016 (https://files.eric.ed.gov/fulltext/ED572260.pdf).
®Chris Martin, fAChina Flooded U. SBloombetghebrGaoyll® 2018Panel s B
(https://www.bloomberg.com/news/articles/2608 16/chinafloodedu-s-with-solarpanelsbeforetrump-s-tariffs).
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5. Work with allies and patners to decrease vulnerabilities in the global supply chains

TheUnited Statesannot address its supply chain vulnerabilities alone. Even as we make investments to

expand domestic production capacity for some critical products, we must work @it phigsers to

secure supplies of critical goods that we will not make in sufficient quantities at home. Moreover, in an
interconnected world, the United States has a strong interest in ensuring its allies and partners have resilient
supply chains as el We must work with Americabds allies an:i
chain resilience, while ensuring high standards for labor and environmental practices are upheld.

1 Expand multilateral diplomatic engagement, includinghosting a new Residential
Forum: We recommend expanding multilateral diplomatic engagement on supply chain
vulnerabilities, particularly through groupings efrikded allies such as the Quad and G7.
We also recommend that the President convene a global forumipclsippesilience that
will convene key government officials and private sector stakeholders from across key U.S. allies
and partner® collectively assess vulnerabilities and develop collective approaches to supply
chain resilience.

1 Leverage the U.SDevelopment Finance Corporation (DFC) and other financing tools to
support supply chain resiliene: We recommend that the DH@rease capacity for
investments in projects that will expand production capability for critical products, including
critical minerals and other products identified pursuant to the E.O. 14017 process. U.S.
development and international finance tools aff@werful avenue for working with allies and
partners to strengthen supply chains for key products. While the United States cannot
manufacture or mine all products, it can use financial tools to ensure that the manufacturing and
mining that takes plaeksewhere supports supply chain resilience and upholds international
standards of environmental and social performance.

6. Monitor near term supply chain disruptions as the economy reopens from the COUD®
pandemic

The U.S. economic relief efforts, pawddt h t he Admini strationds successf
helped to revive the U.S. economy after a historic pandemic. As the United States and the broader global
economy emerge from the pandemic, we have already seen signs of new pressurebainssapshyifts

in demand and supply emerge, and as the global vaccination campaign continues.

While these shetérm disruptions are to be expected, the Administration has the responsibility to monitor

these developments closely and identify actiminsatin be taken to minimize the impacts on workers,

consumers, and businesses.

Building off the lessons from the ¥y review, the Administration should:

9 Establish a Supply ChairDisruptions Task Force: We recommend the Administration
establish aew Sipply ChaiisruptionsTask Forcéhatwill provide an athff-government
response to address naam supply chain challenges to the economic recovery. The Task
Force will be led by the Secretaries of Commerce, Transpatatidgriculture and withdus
on areas where a mismatch between supply and demand has been noted over the past several
months: homebuilding and construction, semiconductors, transportation, and agriculture and
food. The Task Force will bring the full capacity of the federaigewt to address néarm
supply/demand mismatches. It will convene stakeholders to diagnose problems and surface
solutioné large and small, public or priviateat could help alleviate bottlenecks and supply
constraints.

1 Create a data hub to monitonear term supply chain vulnerabilities:We recommend that
the Commerce Department lead a coordinated effort to bring together data from across the
feder al government to improve the federal go
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disruptions and iprove information sharing between federal agencies and the private sector to
more effectively identify near term risks and vulnerabilities.
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EXECUTIVE SUMMARY

Semiconductors are the material basis for integrated circuits that are essential to modern day life and are used
by the typical consumer on a dalily, if not hourly, basiseiimnductebased integrated circuit is the

ODNA6 of technology and has transformed essenti al
transportation to healthcare, telecommunications, and the Intéraeemiconductor industry is a major

engine for U.S. economic growth and job creation. Semiconductors are used in virtually every technology
product and underpin stasbthear t mi | i t ary systems. Semi conductor
everyday life and can be found in houdeteshs such as light switches, garage door openers, and

refrigerators, as well as in more complex products such as mobile phones, computers, and automobiles.

The U.S. semiconductor industry accounts for nearly half of global semiconductor revensteangeoth
semiconductor manufacturing capacity on U.S. soil has fallen from 37 percent 20 years ago and stands at
about 12 percent of global production. U.S. companies, including major fabless semiconductor companies,
depend on foreign sources for sermdcetors, especially in Asia, creating a supply chain risk. Many of the
materials, tools, and equipment used in the manufacture of semiconductors are available from limited
sources, semiconductor manufacturing is geographically concentrated, andtiba pfddadingdge
semiconductors requires mbitiion dollar investments.

TheCOVID19 pandemic demonstrates the i mportance of s
urgent challenges including their use in enabling technology for findiregtseaaring for patients,

working and studying from home, and ordering groceries and other essential products. Shortages of certain
semiconductors during the pandemic also reveal the importance of ensuring stable, resilient supply chains for
these vitgbroducts.The industry is currently undergoing a shortage due to multiple factors, including
unexpected shifts in global demand following the C@9Ipandemic and events that disrupted specific

major semiconductor manufacturing centers, such as tl2®24artyorms in Texas that caused a shutdown

of several semiconductor manufacturing plants.

This report examines the semiconductor supply chain through five related essential segments: (1) design; (2)
fabrication; (3) assembly, test, and packaging (AlT&\eamced packaging; (4) materials; and (5)
manufacturing equipment.

1 Design: The U.S. semiconductor design ecosystem is robust and world leading, but U.S. companies are
highly dependent on sales to China for continued profit growth and deeseaticand development
(R&D) investment. In addition, U.S. design companies depend on limited sources of intellectual
property (IP), labor, and manufacturing that are essential to bring products to market.

I Fabrication: The United States lacks sufficeagacity to produce semiconductors. The United States
relies primarily on Taiwan for leading edge logic chips and relies on Taiwan, South Korea, and China to
meet demand for mature node chips.

1 ATP and Advanced Packaging:For relatively lowech baciendsemiconductor ATP, the United
States is heavily reliant on foreign sources concentrated in Asia. Furthermore, as chips become
increasingly complex, advanced packaging methods represent a potential area for significant technological
advances. Howeveretblnited States lacks the necessary materials ecosystem and is also not a cost
effective location to develop a robust advanced packaging sector while massive Chinese investments
threaten to upend the market.

1 Materials: The production of semiconductoegjuires hundreds of materials, presenting challenges in
manufacturing supply chains. Many of the gases and wet chemicals for semiconductors are produced in
the United States, but foreign suppliers dominate the market for silicon wafers, photomasks, and
photoresists.

T Manufacturing Equipment: The United States has a significant share of global production of most
types of froneend semiconductor manufacturing equipment, with the notable exception of lithography
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equipment production, which is concentratelde Netherlands and Japan. With limited semiconductor
manufacturing occurring in the United States, these equipment manufacturers are heavily reliant on sales
outside of the United States.

This review identifies eight crasiting risks that enconggamost of the identified threats to semiconductor
supply chains: (1) fragile supply chains; (2) malicious supply chain disruptions; (3) use of obsolete and
generationsld semiconductors and related challenges for continued profitability of comgensgiplyt

chain; (4) customer concentration and geopolitical factors; (5) electronics production network effects; (6)
human capital gaps; (7) IP theft; and (8) challenges in capturing the benefits of innovation and aligning
private and public interests.

The following policy recommendations are designed to atidreasrent semiconductor shortage and the
risks identified in the report

1. Promote investment, transparency, and collaboration, in partnership with industry, to address
the semiconductor shortageWhile the private sector must take the lead in addressing the shortage in
the near term, U.S. government can assist in mitigating the current shortage by redoubling partnerships
with industry to facilitate information flow between semiconductor procuterspliers and end
users; strengthening engagement with allies and partners to promote fair semiconductor chip allocations
and increased investment and to increase production; and advancing the adoption of effective
semiconductor supply chain manageamhsecurity practices by companies.

2. Fund the Creating Helpful Incentives for Production of Semiconductors (CHIPS) for America
provisions in the Fiscal Year (FY) 2021 National Defense Authorization Act (NDAAYhich
authorized programs to: (1) incengiviranufacturing through federal financial assistarmestouct,
expand, or modernizemiconducterelatedacilitieso supportsemiconductor fabrication, ATP, and
advanced packagiagd (2) advandé®&D technology prototyping via a new National Semiconductor
Technology Center (NSTC).

3. Strengthenthe Domestic Semiconductor Manufacturing Ecosysterthrough legislative action to
i mpl ement the ideas put fort h ieincerRive®tssumppertrkey Bi der
upstreami includingsemiconductor manufacturing equipment, materials, aritd glagewnstream
industries to offset high operational costs in the United States, continued support for investment in the
United States through progrdms ke t he Depart ment of Commerce | nt
SelectUSpand support for manufacturing through a new Department of Commerce National Institute
of Standards and Technology (NIST) Manufacturing USA Institute, as requested ingdhe Présedd 2 0 2 2
Budget.

4. Support Manufacturers, Particularly Small and Mediur$ize BusinessesiaR&D resources to
prove emerging technologies and financing to move from the lab tcamédukedress capital needs for
growth.

5. Build a Diverse and Accessible @lent Pipeline for Jobs in the Semiconductor Industrthrough
significant investments to grow and diversify ¢t}
Employment and Training Administration sebtmed pathways and training progrpuoidic/private
investments to help fund workforce development, and changes in immigration policies to attract the
worl ddés best and brightest minds.

6. Engage with Allies and Partners on Semiconductor Supply Chain Resiliertmg encouraging
foreign foundriesral materials suppliers to invest in the United States and other allied and partner
regions to provide a diverse supplier base, pursuing R&D partnerships, and harmonizing policies to
address market imbalances andmarket actors.

7. Protect U.S. Technological Advantage in Semiconductor Manufacturing and Advanced
Packagingby ensuring that export controls support policy actions to address national security and
foreign policy concerns related to the semiconductor manufacturing aoceldapleekaging supply
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chain and that foreign investment reviews consider national security considerations in the semiconductor
and advanced packaging supply chain.

INTRODUCTION

Semiconductors are the material basis for integrated circuits that &ktesaedern day life and are used

by the typical consumer on a dalily, if not hourly, basis. The semicdrabgertantegrated circuit is the

ODNAG6 of technology and has transformed essenti al
transporation to healthcare, telecommunications, and the Internet. The semiconductor industry is a major
engine for U.S. economic growth and job creation. Semiconductors are used in virtually every technology
product and underpin stagéthe-art military systesn. Semi conductors are an int
everyday life and can be found in household items such as light switches, garage door openers, and
refrigerators, as well as in more complex products such as mobile phones, computers, and automobiles.

According to the most recent data from the Bureau of the Census, about 733 firms located in the United
States were involved in semiconductor device manufacturing (North American Industry Classification System
(NAICS) 334413)n 2017, and an additiondDifirms manufactured the equipment used to make
semiconductors (NAICS 3332242)he majority of these firms are small: only 69 semiconductor device
manufacturers and 22 semiconductor machinery manufacturers have 500 employéddeasoner by
valueadded, these two semiconductor industry sectors contributed $35 billion to the U.S. economy in 2019,
accounting for approximately 1.4 percent total U.S. manufacturing valéie added.

The two semiconductor industgfated NAICS categories directly empl@9&d400 workers in 2019,

accounting for 1.6 percent of total U.S. manufacturing employment. Thesegaadityigivelpaying jobs:

the semiconductor manufacturing workforce earned an average of $163,871 per person in 2019, more than
twice the averagerfall U.S. manufacturing workers ($693R#jhteen U.S. states have major

semiconductor manufacturing operations, according to the Semiconductor Industry Association (SIA).

These statistics, however, capture only a portion of the overall semicomtusttgrand therefore

understate its importance to the U.S. economy. Information on the broader industry further highlights its
importance to the U.S. econon®JA estimates that the U.S. semiconductor industry had $208 billion in

annual sales in 202@pturing nearly half of the world market. Despite the global CTjBndemic,

worldwide sales of semiconductors increased by 6.5 percent in 2020. SIA estimates the global semiconductor
market will reach $726 billion in annual sales by 2027, a compoual growth rate of 4.7 percent.

Further, SIA estimates that each direct job in the semiconductor suysbrys nearly five additional

jobsé Semiconductors are alsmajor export for the United States with $47 billion in export sales in 2020,
ranking fourth overall, after aircrafts, refined oil, and cridde oil.

Semiconductors powdrtually every sector of the econfinirycluding energy, healthcare, agriculture,

consumer electronics, manufacturing, defense, and transportation. Worldwidedsemamdfiductors in

2019 by end use was: mobile phones (26 percent), information and communications infrastructure (including
data centers, communications networks) (24 percent); computers (19 percent), industrial (12 percent),

INote that NAICS 334413 also includes manufacturers of
review, such as laser and light emitting diodes, fuel cells, and solar cells.

2 Covered by NAICS 334413 and 333242, respectively.

2017 SUSB Annual Data Tables by Establishment

I n
“A2019 Annual Survey of Manufactures (ASM), NAICS

dustr
33324

5Bureau ofLabor Statistics, Quarterly Census of Earnings and Wages, NAICS 333242 and 334413.

A Semi conductor Industry Association Briefing to the Bu
Association, February 21 2021); "Chipping In: The Positiapdct of the Semiconductor Industry on the American
Wor kf orce and How Feder al Il ncentives Wil l ncrease Dom
2021).

‘Dat aweb, AU.S. Census Trade Statisticso, (U.S. I nt er na
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automotive (10 percent) daronsumer electronics (10 perceitinong these diverse applications, those
that directly support national security and critical infrastructure account for about nine percent of
semiconductor demand. These critical semiconductor end uses incluslant:Bare®space,
telecommunications networks, energy and utilities, healthcare, and financiaBfericesand other
government use is slightly over one percent of worldwide consumption of semicéhductors.

In addition to the central role they prathie U.S. economy, semiconductors are essential to national security.
Semiconductors enable the development and fielding of advanced weapons systems and control the operation
of the nationds critical i nf r ad virtuallycevenymaditary systemey ar
including communications and navigations systems and complex weapons systems such as those found in the
F35 Joint Strike Fighwierd t elchheryo laa gei e&se yo ft ot it eh ef wtnu
intelgence and 5G, which will be essential to achiev
nati onal economyo6 identified as a critical Americ
Strategic Guidanéeln addition, the developmesftadvanced autonomous systems, cybersecurity, space

and hypersonics, and directed energy is also dependent on semiconductor technologies.

The COVID-19 pandemic further increased the importance of semiconductors. Semiconductors have been

an enabling teablogy for finding treatments, caring for patients, working and studying from home, and
ordering groceries and other essential products, demonstrating the important role that semiconductors play in
meeting both the nat i onléngesan drises.hShortagesroficertdis mo st wur
semiconductors during the pandemic also reveal the importance of ensuring stable, resilient supply chains for
these vital products.

A sudden supply chain shock could haveradahing and unforeseen impact irohtiyese areas, not only

for specific industries, communities, and workers, but also potentially affecting national security and critical
infrastructure. For example, SIA estimates that a disruption in the produatimncbips at foundries in
Taiwancouldresult in nearly $500 billion in lost revenues for electronic devices manufacturers that depend
on this suppl§z

The semiconductor industry is currently undergoing just this type of supply disruption2020méd

global chip shortage begannmeege when automakers warned that relatively inexpensive semiconductors
used in automobiles were becoming scarce and that this would potentially disrupt vehicle production. The
initial disruption was due to major demand shocks from the Cfpandemicln the second quarter of

2020, at the height of the panderalated economic slowdown, auto parts suppliers cancelled orders for
chips due to a sixeek industry shutdown to mitigate the spread of the pandemic at vehicle and part
manufacturing facilitie$arts suppliers also sought to limit inventories and costs in anticipation of a
predicted fall in vehicle demand during aestiemic recessiéhAt the same time, the rapid shift to a
work-from-home economy driven by the pandemic dramaticallysgaidEamand for electronic devices

including videgame systems, computers, laptops, and other electronics and for the digital infrastructure and
storage to support the increasedirmmactivity. Based on buyer demand and orders, semiconductor
suppliershifted production and foundry orders away from autormgriadke chips where demand was falling

to business and consumer electronics chips where demand was spiking.

8Varas et al. fAStrengthening The Global Semiconductor S
Group and Semiconductor Industry Association, April 2021).

iSupply Chain Briefing to the U.S. De poziationgarch3lof Co mme
2021).

YFal an Yinug, AThe 2020 SI A Factbook: Your Source for ¢
Association, April 23 2020).

“"fRenewing Americads Advantages: I nteri mloNgMdrcbnal Secur
2021).
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In contrast to early projections, vehicle demand recovered much more quickly thametkgestadnd

half of 2020. This sharp rebound impacted the auto industry in part due to-tsijagupply chains and

limited visibility into upstream suppliers. When auto parts suppliers returned to place orders for chips to
meet the unanticipatsedrge in vehicle demand, semiconductor manufacturers had reportedly already utilized
spare capacity to produce chips for electronics dévBEsause manufacturing a chip can take up to 26
weekg5and sometimes much longer when supply is tight, produahiones are usually confirmed six

months in advance, and it can take months to switch a production line from one type of chip to another. A
further complication for the automotive industry is that automotive grade chips can only be produced by
gualifiedoroducers and they require extensive testing to meet rigorous quality and vehicle safety
requirements. These requirements are burddndmtiein time and cd$tto the semiconductor

producers, particularly when compared to the less stringent requiamieatzfatively highemargin

chips for consumer good applications.

Further exacerbating the semiconductor supply shortage was a fire that occurred in March 2021 at a Japanese
semiconductor plant that accounts for 30 percent of the market for mrotteysnised in cars. The

company, Renesas Electronics Corporation indicated it would take at least 100 days for production to
normalize at the platitin addition, the worst drought in half a century is affecting Taiwan, further straining
semiconductomanufacturing, which requires vast quantities of‘wateally, storms in February 2021

caused |l oss of wtilities to semiconductor manuf ac
month for NXP to resume normal operatiths.

For the autsector, which relies on chips for functions including braking, power steering, engine controls and
safety systems, it means that vehicles cannot be assembled to completion. Automakers are idling plants and
furloughing workers as they are unable to rmaprtzduction lines as they wait for parts. This shortage will

cost the global automobile industry an estimated $110 billion in 2021 and will lead to the production of nearly
four million fewer vehicles than automakers had pléhned.

In April 2021yeports began to indicate that the semiconductor shortage had expanded to other sectors. As
of April 30", Goldman Sachs estimated that a total of 169 U.S. industries were being directly affected by the
shortag@? Scarce supply also means rising castedigstry and consumers. Given the reliance on

microchips in nearly every industry, the widening shortage means a sustained loss of commercial
opportunities just as consumer demand is poised to increase as much of the world is emerging from the
pandemic.Several semiconductor companies predict that the shortage will last @htil 2022.

MAPPING THE SUPPLY CHAIN

There are three broad steps involved in the production of finished semiconductors: design, manufacturing,
and ATP. The earliest semiconductordiperformed all three stepsiouse and today are known as
integrated device manufacturers (IDMs). IDMs continue to capture a majority of the semiconductor market

14Ziady, Hanna, "The global chip shortage is going from basldise. Here's why you should care." (CNN, May 4,
2021).

BFalan Yinug, fAChipmakers Are Ramping Up Production to
Takes Timeo, (Semiconductor Industry Association, Febr
A Gl obal auta@akeemover hite from Japan chip plant fire,
2021).

St ephanie Yang, #fThe Chip Shortage |s Bad. Taiwano6s Dr
Journal, April 16 2021).
8 NXP Press Release (httfimedia.nxp.com/newmeleases/newseleasedetails/nxpresumesoperationsaustin
texasfacilities-following-weather)
®Dominick Reuter, fAThe ongoing chip shortage is expect e
double analysts'estimat f r om Januaryo, (Business Insider, May 14 20
20 Ziady, Hanna,"The global chip shortage is going from bad to worse. Here's why you should Chile, M4y 4,
2021).
21Ziady, Hanna, "The global chip shortage is going from bad to worse!sHeny you should care."CNN,May 4,
2021).
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by revenue. Increasingly, though, each step is carried out separately, with diffarées specializing in
different steps of the process. In the fabless/foundry model, each of these three steps is performed by a
different company that specializes in its role in the supply chain. In addition to these three fundamental
steps, the semioductor industry relies on sophisticated equipment and hundreds of materials used in the
production process. Accordingly, this report examines the semiconductor supply chain through five related
essential segments: (1) design; (2) fabrication; (3) Add¥ancked packaging; (4) materials; and (5)
manufacturing equipment.

The semiconductor supply cliifnom design to packaging to eventual incorporation into end products
purchased by customiris extremely complex and geographically dispersed. Duspecibkzation of
companies in specific steps, the typical semiconductor production process includes multiple countries, and
the products may cross international borders 7C2tiffiles.entire process takes up to 100 days, of which 12
days are for trangietween supply chain steps. The figure below is a stylized representation of the supply
chainz3

’ ey " lapante USA =

a China to USA ‘

Singapore to China

The small size and weight of semiconductors is a factor that enables such a geographically and logistically
complex supply chdinthe costs of transportirthem is minimal compared with their value. However, it

also implies that disruption of transportation routes could pose supply problems. Various forms of transport
(e.g., airfreight, ocean freight, trucking) are used, depending on the stagetandehe Hestravelled, as

well as the nature of the product. In some cases, specialized handling is required, such as for hazardous and
highpurity gases and chemicals used in the fabrication process, or to protect sensitive electronics from
damage4

SEMICONDUCTOR DESIGN
Semiconductor Design: Overview

The initial phase of semiconductor (chip) produttaesigfi while historically carried out by IDMs (such

as U.Sbased Intel and Texas Instruments) which control the entire production process, is increasingly
carried out by mor endscpradesigrmcompantes, which r@lpdn e sepadate soenpanyc

to carry out the actual manufacturing of the semiconductor. The increased outsourcing of fabrication and the
associated major capital investments has allowed for easier entry into the eedigreqtaacess. This

22For chips going through the full Fabless, Foundry, and Packaging cycle; likely lower for IDMs.
2Nat han Associates, fABeyond Borders: The Global Semicor
Association May 2016).
ADHL Semiconductor Logisticso, (DHL, 2021).
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results in significantly less industry concentration than in the fabrication and equipment stages, as well as a
dependence on Taiwan for fabrication.

Despite lower barriers to entry, fabless design companies must coordiyatetolmehdries to ensure

the design fits the production process, and they are reliant on providersfarither semiconductor
companies which have developed key pieces of technatmhglectronic design automation (EDA)

software that enables thaside process. These upstream and downstream stages are highly concentrated,
with essential IP and EDA providers headquartered primarily in the UnitédtBoatgis with major

portions of their workforce located outside the United States.

Industry Struetur

The structure of companies engaged in semiconductor design varies greatly depending on the types of
semiconductors in question. The three primary types of integrated circuit semiconductors covered by this
reporfi logic, memory, and andiogre reviewed hee For 2020, logic semiconductors were about 42
percent of the mark&memory about 26 percéfdnalog about 14 percent, with the remainder of the

market comprised of nentegrateetircuit semiconductors: discrete, optoelectronic, and sensor devices.

Logic chips, which are the building blocks of computing, comprise the largest category of semiconductors
(according to the SIA, logic chips account for 42 percent of industry revdnuks) category of
semiconductors, market concentration and théewon design companies is highly dependent on the

particular chip type. The markets for personal computer central processing units (CPUs), dedicated graphics

processing units (GPUs), and field programmable gate arrays (FPGAS) are all essentiliyhileopolie
there is significantly more competition in the supplier base for apptisatibic integrated circuits (ASICs)
and for
for computers, GPUs are thcessors for video rendering, FPGAs are designed to be configured by a
customer or a designer after manufacturing, and ASICs are custom chips made for a particular use.

mo b i

e device processors

based on ARM Ltd

The United States is a world leader in semiconductor design, with many ca@akipgraglsantage of the

lower capital expenditures enabled by outsourcing their manufacturing or locating their facilities outside of
the United States. Essentially all personal computer CPUs are designeddsdd@npanies Intel and

AMD, though AMD elies on contract manufactudfihese same companies may soon dominate the

FPGA category, as AMD announced in October 2020 plans to acquire market leader Xilinx in a transaction
valued at $35 billion. Should the acquisition clear all regulatory AitDBleglinx and Intel would

account for approximately 85 percent of global FPGA sales. OtHmdddSsuppliers Microchip

Technology, Lattice Semiconductor, and Achronix Semiconductor constitute much of the remaining portion

of the FPGA market. AMDslo
leading U.Shased NVIDIA.
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Integrated Circuit Market Share Leaders, 2020
Logic Memory
Analog
PC CPU Mobile CPU GPU FPGA DRAM NAND
Intel - 78% Qualcomm - 29% |NVIDIA-82%  |Xilinx - 52% Samsung - 42% |Samsung- 33% Texas Instruments - 19%
AMD - 22% MediaTek - 26% |[AMD - 18% Intel - 36% SK Hynix - 30%  |Kioxia - 20% Analog Devices - 10%
Mi hi
Hisilicon - 16% 1erochip Micron - 23% Western Digital - 14% |Infineon - 7%
Technology - 7%
Samsung - 13% Lattice - 5% SK Hynix - 12% Skyworks - 7%
Apple - 13% Micron - 11% ST - 6%
Intel - 9% NXP - 5%
Based on data from Mercury Research, Counterpoint Research, Jon Peddie Research, Gartner, TrendForce, Mordor intelligence, and IC Insights

There is significantly more competition in the ASICs supplier base with high demand for processors based on
the ARM architecture for mobile devicEgipmakers such as Samsung compete in the market for ASICs

and mobile processors alongside fabless companies incluebagdd Qualcomm and Broadcom as well as

U.S. technology companies such as Apple, Alphabet, Amazon, and dozens of othersshiatedesigair

own chips. Apart from Intel and Microchip, most suppliers of CPUs, GPUs, FPGAs, and ASICs are fabless,
relying on foundries for chip manufacturing.

Memory chips, which, according to SIA, account for 26 percent of industry revenuespastausep

information needed for computi#figThe memory category is commoditized and dependent on production

volume and economies of scale, and memory is generally produced by IDMsmas&dr@amsung and SK

hynix lead the dynamic randaotess memo(®RAM segment along with Utiised Micron which holds

about 23 percent of share. However, the market share leaders are developing advanced packaging technology
(i.e., chip stacking) and other IP for leading edge prédiibtsse three companies accedrior 95

percent of the $70 billion global market in 2020.

Flash memory (NAND) production is not quite as concentrated, with six companies accounting for an
estimated 99 percent of the $47 billion global market in 2020. Samsung is again a maritie skt

over onehird of the NAND market share, followed by Jdpesed Kioxia (formerly Toshiba) (20 percent
share), U.shased Western Digital (14 percent share), Kaseal SK hynix (12 percent share);dased

Micron (11 percent share)ddn S-based Intel (9 percent shaeyhe NAND segment appears poised for
further consolidation, as Iritelvith NAND revenue similar to that of Micfomnnounced in October 2020

that it plans to sell most of its NAND memory business to SK hynix. Thissalg@ropel the combined
company into the second place in NAND market share. There are also reports suggesting Western Digital
and Micron may be pursuing an acquisition of K¥bkieaddition, Chirdbased Yangtze Memory

Technologies (YMTC), formed2@16, is focused on rapid expansion and has received an estimated $24
billion in subsidies from Chinese government sources. The company may have the capacity to produce as

®Varas et al. AStrengthening The Gl obal Semiconductor ¢
¥See section on AAdvanced Packagingo.

SAvril Wu, ADRAM Revenue for 4Q20 Undeontnoee Risildodest 1. 1°¢
Shi pment and Falling Prices, Says TrendForceo, (TrendF:q

ZANAND FIl ash MeGnawvthyTreila, CRWELY Impact, and Forecasts (26210 26 ) 6, ( Mor dor

Intelligence, n.d.).

BASK hynix to Acquireneésnse@,|l NIANDelMe mOctyoBairsi 19 -2020) ; J

Have for Both Western Digital and Microno, (The Wal/l S
2¢



many as 200,000 wafers per month bwycapaRi®,2, over tw
representing a potential loast threat to U.hased memory comparfies.

Compared to memory chips, analog integrated circuit chips are less commoditized and are generally less
reliant on using cutting edge manufacturing nodes. Specipkrethex with the systems and end uses are

a significant driver of value in analog chip production, allowing for less market concentration as companies

can retain competitive advantages by specializing within the analog sector. The 10 largesé@alog integ

circuit suppliers accounted for 62 percent of the $56 billion market in 2020, with only Texas Instruments
exceeding 10 percent marketsadvka ny of t he | eading anal og semiconodg
' ited producer s, herhipsthely designbut dutsaurcisga@ significartt pottion as well.

Discrete, optoelectronic and sensors, themegrated circuit semiconductors, comprised $79 billion in
sales in 2020, nearly 18 percent of the total semiconductor market ($440Mibisbrof the

semiconductors in this categorynaa¢ure nodéechnology chips, often only worth pennies each. This
market is highly fragmented, with numerous manufacturersntéignated circuit semiconductocdude

ABB Ltd., (Sweden/Switzerlanbfifineon Technologies (Germany), STM Microelectronics (Italy/France),
Toshiba (Japan), and U.S. companies Diodes Inc., Vishay Intertechnology, Qorvo, dPixKayd Cree.
driving technologies (and exceptiomaature nodéechnology) for neintegrated seiconductors are
innovations in power management and miniaturization, especially for discrete power semiconductors, with
autos, especially electronic vehicles as a kegeghilhe U.Sled R&D of gallium nitride (GaN), silicon
carbide (SiC) and othemgmound semiconductor substrates is a key development for a variety of
applications, including those for national security in power management and distribditemydrigk

power amplification, and optoelectronics (also exceptimasie nodéechnolgy). Flat panel display
semiconductors are also in this category.

Process Steps

The semiconductor design process itself contains several steps, often performed iteratively to reach a final
design that best meets the end requirements. Basic stapeswclude specification, system level or
architecture design, logic design, physical design, and verification/validation. These stages are briefly
reviewed below.

T Specification: This step lays out the set of requirements for the chip necedikitg enflilises. This
involves translating user requirements to the ct
understanding of the customerds needs provides &
the customers can thus be meanirigfsémiconductor design operation.

1 System level design: This step involves breaking out the basic semiconductor architecture. In many
cases, the design can be created usidgfpred inputs that have already been specified and validated,
either frompast use within the company or licensed from another company. Known simply as IP or IP
cores, the rase of past designs in modular form allows for faster development of new features and
decreased costs because the IP does not have-tebeloped foevery new chip.

T Logic design and physical design: These steps are typically carried out using EDA software, which maps
the register transfer level code to physical representations of the electronic components that will be
manufactured on the chip.

T \Verification and validation: This step, which is carried iteratively and in parallel to other design steps,
involves testing the design. At this stage, t he

%Al an Patterson, fAChinadés YMTC is Poised to Lead in NA
®fATexas I nstruments Remains Worldés Top Analog I C Suppl
®¥iThe Worl dwide Semiconductor Market was up 6.8 percent
growth of 10.9 percent i n 2 Btks March17@@2t)l d Semi conductor

i Gl obal Discret e -Smowih, trendsdQowdd9 émpactiwend Foedtasts (2022 026 ) o,
(Mordor Intelligence, 2020).
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model of the chip and ensures it operategmected. Verification can generate massive amounts of test
data and take significant amounts of time, accounting for as much as half of the time to déign a chip.

For national security, the semiconductor technologies must also be qualified fothaseiitamy

temperature ranges (extended range) and harsh environments, including technology characterization for use

in radiation environments when appropriate. Also, a more stringent and independent parts verification and
validation is required. Seomductors for automotive applications must likewise meet stringent durability

and testing requirements to withstand harsh environmental conditions (e.g., extreme cold, heat and

humidity). They must handle exposure to vibrations and shocks throughautthee | e 86s entir e e
lifespan of 10 to 20 years and exhibit a much lower failure rate in testing than semiconductors for consumer
product applications to ensure they meet vehicle safety requirégmesgsequirements are expected to

increase and eore stringent as vehicles become more autonomous and incorporate an increasing amount

of light detection and ranging (LIiDAR), sonar, radar, vision systems, and navigation and recognition

technologies.
Semiconductor Design: Resilience
Resiliencetellectual Property

As noted above, the-tise of past desigh&nown as IP, IP cores, or IP bldgksom either within the

design organization or licensed from another cofnpsiaymajor factor enabling the rapid development of
new chips. Representing atineated $5 billion market, these IP blocks represent designs for anything from
minor internal processes to input/output interfaces such as Universal Serial Bus (USB) and Ethernet
controllers, to full microprocessor instruction set architectures?¢l8As)typically licensed for an up

front fee, but may also include shbsed royalties.

Recent years have seen increased market share in IP licensing from EDA providers as they expand to provide
more complete design solutions and integration of IPiktarelesign software. In this context, the IP that

is licensed includes patents, trademarks, industrial designs, copyrights, and trade secrets. In addition to
ongoing growth in leading EDA providers &sed Synopsys and Cadence as well-hase®ut

Germanrowned Mentor Graphics, Samsung announced in May 2019 that it would license its semiconductor
design IP through EDA provider Silvaco, boostingthedaSs e d companyds i ntegrated
This move highlights the value to foundriesablking chip designers to design for their processes; with

built-in foundry IP in the design, the cost of changing manufacturers serveimtddsign customers.

The IP core sector historically has been led by companies headquartered in theddrared (Gidtied

Kingdom, with Arm Ltd. (U.K.) topping the list, along with EDA providers Synopsys and ®adérilee.
headquartered in the United States and U.K., these companies have global workforcehirdgenftihe

employees of Synopsys, for glamwere located outside of the United States in128&0.provides the

I P that supports most of the worl dds mobile devic

%Aaron Aboagye, Mark Patel, and Nitin Viggedi,Standing uj
(McKinsey, Autumn 2014).

®Jim Turley, Al P Market Large, Growing, and Strange Apz¢
Mi xedo, (Electronic Engineering, September 25 2019).

40 An additional area is the ongoing development of the R¥Sfpen standard ISA, which provides IP open source

and licensdree, is a relatively new phenomenon in the microprocessor IP licensing area. Initially developed at the
University of California, Bekeley in 2010 with funding from Intel, Microsoft and others, the RMS{P is owned

and maintained by the negrofit RISGV Foundation, founded in the United States in 2015. In December 2018, the
foundation announced intentions teineorporate inSwite r | and, in part to fiall eviate U
export restrictions from the United States and the goal
coll aborati on me/dRehias not made significant irrgads R ti& @iovopssorenabling ISA

space dominated by Intel and Arm. Asthe RMC Foundat i on states, it does not r
technology, 0 but rather is attractive to manyVbegcause |
(RISGV, 2021).
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150 billion chips sofd. Arm, which does not produce semiconductorssacutrently owned by Japan

based Softbank, is in the process of being acquired-bgdedfabless design firm NVIDIA, raising
concerns among competing semiconductor designhers
antitrust regulators ovesrtinued access to essentidb I addition, in April 2021, the U.K. government

initiated a nationglecurity review of the proposed acquisition.

Over the past several years, China has taken steps to increase its access to and control of semiconductor IP.
In 2017, Canyon Bridge Capital Partners, a private equity fund with Chinese government ownership,
purchased U.Kbased Imagination Technologéssimated to be the fifth largest provider of semiconductor

IP. In 2018, Arm China was formed as a 51 percent Ctwwaese joint venture with U 0ased Arm

Holdings® Greater Chinese control over semiconductor IP may present a risk to U.S. induaging by

the IP available to U.S. companies.

Resilience: Electronic Design Automation

The use of EDA software that automates the layout of circuits in an electronic representation has become a
critical input to the semiconductor design process asatiipis dillions of transistors. The market for

EDA tools historically represents about two percent of the overall semiconductor market, but has taken on
increasing importance as shrinking semiconductor technology nodes drive design déegi®Righer.

provider Synopsys, for instance, estimated in 2019 that the cost to design a 5 nanometer (nm) chip would be
twice that to design a 7 nm cHigAccording to IBS, the cost of designing a 7 nm chip is $297.8 million

while that for a 5 nm chip is $542.2 miHgon.

Since the mid990s, the EDA market has been dominated by threeallefl.companies: Synopsys,
Cadence, and Mentor Graphics (purchased by Gepased/ Siemens in 2017). This dominance stems at

l east in part from a ablitgboipurchdasé amchincargorate smallemeBA ket | e
providers, the high costs to designers of switchi
foundries, which often provide preferential accesstopsopessc i f i ¢ design rinki t sé6 f ol

processes in order to enable the EDA vendor to develop gpeediE design flows. This level of
integration highlights the importance of access to IP for semiconductor producers.

As the use of integrated circuit chips has become more ubiquitthes ealue to end users of speeially

designed chips has grown, EDA tools have enabled a broadening set of companies to enter the

semi conductor design space, such as users of semi
Alphabet (the parenbmpany of Google), and Amazon. These companies are empowered by the research,
development, and IP incorporated into EDA tools to design chips that best meet their specific requirements.
The growing i mportance of chitp mbé&siciomptami ckeswn st e
i ndustrial process giant Siemensd purchase of Men
mi croelectronics throughout semiconductor end use
complexity provide aversu® expand the use of EDA to produce improved integration between

semiconductors and end use systems.
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of f I PO0, (VentureBeat, October 14 2019).
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Resilience: Workforce

The U.S. semiconductor supply chain is heavily dependent eskdllbgjiworkforce. The size of the

desigrspecific workforces difficult to gauge, as design is carried out by IDMs such as Intel, by fabless
semiconductor companies such as NVIDIA (which reports 7,588aEe8.employees), and by companies

that are not strictly part of the semiconductor industry, such as Algiedmetand Tesla. The EDA sector

upon which design companies rely employs tens of thousands of additional workers; Synopsys alone employs
more than 5,000 workers in the Americas, 80 percent of whom are effjifedher, the entire industry

is suppaed by R&D carried out at universities across the United States with thousands of researchers
contributing, and an estimated 250,000 students enrolled in semicosidtetograduate prograiths.

The ability of the United States to attract and retaitethl@arkers to American universities and companies
underpins the loAgerm competitiveness of the U.S. semiconductor industry. Since 1990, the number of
American students enrolled in semiconductor related graduate programs has remained the safoe while that
international students has tripled over the same period. According to data fi2ot 2CHgout twehirds

of graduate students in electrical engineering and computer science are internatioffal students.

Semiconductor Design: Risks

The key desigspecific risks are reviewed briefly below. Because semiconductor design affects every
subsequent step in the manufacturing process, the risks reviewed below are largely applicable to the
downstream process steps as well.

1 Need for High R&D Expenditures: U.S. design companies typically invest major portions of their
revenue in R&D; six of the seven leading companies in R&D intensity in 2019 \wased?. s
design costs at the cutting edge continue to rise, the ability of design companies to aordstus
dependent on sales growth, which has grown increasingly dependent on sales outside the U.S. and in
China in particular.

9 Skilled Workers With international students making up an increasing majority of enrollment in U.S.
semiconducterelatedgraduate programs, limits to the ability of foiteign workers to remain and
work in the United States and continued low levels of enrolimentiodid. ®@orkers present ongoing
and longterm risks. In addition, although U.S. universities are auhsgteduating more engineering
and computer science students each year, the industry faces significant challenges in recruiting and
retaining these graduates. Students in related programs are often more conversant in and drawn to
software developmentpgrtunities than hardware. Companies serving defense needs face additional
challenges in that they are unable to compete with the compensation packages common in commercial
industry.

1 Access to FoundriesSemiconductor design companies are enabled bynBDA @mpanies, which
in turn are enabled by access to and cooperation with fabrication facilities and downstream systems. As
systems become increasingly connected and complex, cooperation between companies and access across
the levels of the supply ahaiill continue to rise in importance. The increasing concentration of
foundries in East Asia (discussed in the o0fabric
decreased access to and cooperation with manufacturers presents a riskinoi¢aeadlity of U.S.
semiconductor design companies to lead the world in innovation.

In summary, the U.S. semiconductor design ecosystem is robust aleddvwogldbut depends on limited
sources of IP, labor, and manufacturing that are essentiaj forbdincts to market. The needed IP cores

“Synopsys |6, AForm 10
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and EDA tools are available from th&ed companies, but these sectors are highly concentrated. The

United States remains an attractive place for skilled engineers and other highly skilled workers, but the
semeonductor design sector faces a shortage of skilled workers and is increasingly dependent on foreign
born labor as well as design teams based outside the United States. Restrictions on the ability of U.S.
companies to recruit foreigorn workers or in uversities to attract foreifporn students could have leng

term impacts on the U.S. semiconductor design sector, as would a failure to increase the relevant educational
and training opportunities for Ulrn students. Furthermore, the U.S. fablegsdasitor is dependent

on contract foundries, which are primarily located in East Asia, to manufacture their products and on sales to
customers outside of the United States, particularly in China.

SEMICONDUCTOR FABRICATION
Semiconductor Fabrication: Ovenew

This section addresses the next step in the supply chain in which semiconductmedabigeeted into
component part types, such as logic, memory, or analog devices. During this process, semiconductor
fabrication facilities (fabs) or foundriéso(aalled purplay foundries), make d&taped wafers (typically

cut from an ingot of silicon) into individual chips (each the size of a fingernail). This is a complex and highly
specialized capability that requires exact préctbiere is no room fagrror in the processing steps of

wafer fabrication. A semiconductor manufacturing plant involves thousands of process machines, lasers,
ultra-precision optics, and advanced robotics. The fabrication process is one of the most advanced in the
world, invdving cuttingedge techniques and equipment, operating at subat@hjrecision. This stage

of the semiconductor supply chain accounts for about 24 percent of the value added ¥ the chip.

Industry Structure

There are two basic industry models fus.fal he first are fabs operated by vertically integrated
semiconductor companies or IDMs that perform all of the steps in the semiconductor manufacturing
proces8 from design to final testing. IDMs account for aboutlnvds of global semiconductor

production capaciti$. The majority of IDMs produce memory chips such as DRAMs, as well as discrete
analog devices, although Intel, a leadindpbk8d IDM, produces primarily logic devibesaddition to

Intel, the United States has several leading iDdigjing Analog Devices, Maxim Integrated Products,
Microchip Technology, Micron, ON Semiconductor, and Texas Instruments. It is important to note that,
while headquartered in the United States, these companies undertake semiconductor manufacturing in
facilities across the world. Intel, for example, operates fabs in Israel, Ireland, and China in addition to the
United States, while South Korbaised Samsung and other forbiggdquartered firms produce chips in

the United States in addition to theielinational facilities. SIA reports that 44 percent cbas8d

semi conductor companiesd pr odu étOveaml U.BbasedlBMst v i s |
accounted for 51 percent of global IDM revenues in 2020, and the United Stataallg sspng in logic

and analog chips.

Many U.S. leaders in semiconductors, such as AMD, Broadcom, NVIDIA, Qualcomm, and Xilinx, operate
with a o0fabl ess ¢ cimpaniespmdde theiradabigns to a $separate bompahy that
specializes icontract manufacturing of semiconductditsese thireparty foundries are categorized as
Opuprleay semi conduct ordorfotodesigmor seleasydchigs ef thainowre but abt asy
contract manufacturers for fabless semiconductor firmsaaedmes provide additional capacity or

otherwise produce certain chips for IDMs). Some IDMs, notably Samsung, also provide foundry services for
fabless companies.

The fabless/foundry business model has become increasingly prevalent as theildirsgsaofdou
maintaining a staté-the-art semiconductor manufacturing facility has skyrocketed. Continued advances in

BVaras et al. AStrengthening The Gl obal Semi conductor
“ASupply Chtao nt Bei@f$ngDepartment of Commerceo
{2020 State of The U.S. Semiconductor Industryo, (Semi
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chipmaking technology require entirely new, increasingly costly fabrication equipment. The cest of a state
of-theart fab (at the 5 nprocess node) is at least $12 bifiabne extreme ultraviolet (EUV) lithography

tool (necessary for manufacturing at or below 5 nm and also often used at 7 nm) alone can cost in the range
of $150 million, and many types of equipment are needed la abin@ne estimate is that the investment

that will be required for the next generation fab (that will operate at the 3 nm node) might exceed $20
billion5” Moreover, once a new fab is established, operational costs are significant, and ongoing expensiv
capital investment is required to keep operating avfsthéaart production nodes. Pypkay foundries

benefit from economies of scale, which allow them to absorb the enormous costs of maintaining a
semiconductor plant at the cutting edge of teegpalemanded by chip designers at efficient capacity
utilization rates. According to SIA, pplay foundries account for about one third of global chip

production capacity, but nearly 80 percent of production capacity for logicTaipan Semicondiac
Manufacturing Company (TSMCa s t h e wo-playddngonductar ©oundry founded in 1987,

and dominates the market today.

The contract foundry market is dominated by Tadased companies, with TSMC alone accounting for 53
percent of the nmket share of the foundry market. In total, Taiwesed companies account for 63 percent
of the market share. South Korea has 18 percent and China six pereeeaddu8itered, Abu Dhabi
owned foundry GlobalFoundries has seven percent share,upakioig than half of the remaining 13
percent share of the foundry mapRet.

While the U.S. share of IDM chip market is significant, it has only a 10 percent share of global foundry
revenue; foundries in Asia account for an 80 percent’siiai@an alone accounted for 73 percent of

global foundry busine®sThis means that, as noted above, while the U.S. is a leader in semiconductor
design, domestic fabless firms are heavily dependent on foreign firms, mainly in Asia, for manufacturing.
While this foundry business model is suited to high volume commercial applications, margtatetknse
applications are low volume, making access to advanced semiconductor manufacturing technologies
challenging.

Process Steps

The diagram below is a simplified representation of the complex semiconductor fabrication process. Starting
with a set of photomasks imprinted with the chip design, and a prepared clean wafer, chip fabrication steps
are performed. The steps include:

1 lithography (a process used to create circuit patterns of the wafer);

1 etching (removing materials from the wafer);

9 doping (adding elemental impurities to modulate the electrical properties of the wafer);

1 deposition (process for creating layers of insudatthgonducting materials used to build a
semiconductor device); and

T polishing or chemical mechanical planarization (a process for removing excess materials and creating a
smooth surface on each layer).

The wafer will go through these processes raultipts; the entire process is automated and takes place in a
sealed clean room. Fabrication of an advanced semiconductor device (at the 10 nm or below node) can take
up to 15 weeks, with-1'B weeks being the industry average. After theefidmiroceses in which the

Wi Il l'y Shih, ATSMC6s Announcement of A New U.S. Semicor
Matt Hambl®tngr tisT SBMCi | di ng 3nm plant in Taiwan worth $2
®ASupply Chain Briefing to the U.S. Department of Comme
“AFoundry Revenue Projected to Reach Historical High of
Device Demand, Says TrendForced6, (TrendForce, April 15
352020 State of The U.S. Semiconductor Industryo

i Semi conductors: U.S. I ndustry, Gl obal Competition, atr
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3¢



design is transferred onto the wafer, the wafer is tested, polished, and diced into individual chips. The
number of chips yielded varies; a 300 mm wafer might produce 600 or more individual chips.

Projectad LUV
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Steps 1-4 are repeated hundreds of times with different chemicals to
create more layers, depending on the desired circuit features

Source: SIR

Semiconductor fabricatidacilities require a substantial acreage and utility infrastriratlurding access to

ultrapure gases, dry air and nitrogen, ultrapure water, exhaust systemsjuaiityhigliable electrical

power. A large wafer fab can consume as much asd#®atts of power, making it more energy intensive

than many automotive plants and oil refineries, and can use as much water as a small city. The water used in
the fab undergoes an endragnsive purification process in which all organic and inomyataimimants

are removed. The filtering and treatment process uses pumps, motors, drives and other infrastructure that
moves the ultrapure water in and around the facility and wastewater out. Power outages and voltage
irregularities can damage highlyittemequipment, so reliability of the power supply is critical. Electricity

can account for up to 30 percent of a wafer fabds
efficiency can help cut costs while reducing environmental impacts andgrspst&inabiliey.

Semiconductor Fabrication: Current Resilience

The vast majority of semiconductor manufactéringlDMs and purplay foundried takes place in (in
order): Taiwan, South Korea, Japan, China, and the United Staiastalle® seimonductor production

62 SIA, https://www.semiconductors.org/wmntent/uploads/2021/04/SIBCG-Report_Strengtheninthe-Globat

SemiconductoSupplyChain_Aprit2021.pdf) (last accessed May 26, 2021).
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capacit§# accounts for approximately 12 percent of the global total, down from 37 percerffiin1990.

2019, Taiwan accounted for 20 percent of global installed capacity, followed closely by South Korea with 19
percent. Japan acctethfor 17 percent, China for 16 percent of capacity; and Europe nine percent. The
remaining six percent of capacity is in Singapore, Israel, and the rest of&he world.

U.S. Semiconductor Manufacturing Capacity as a Percent of Global Capacity

19902021and 2030 Forecast
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Source: SEMI, VLS| and BEG

Of the 40 major semiconductor fabs located in the United States, half (20) produce using 300 mm (12 inch)
wafers, which is the modern standard; the others produce using 200 mm (8 inch) wafer8etwesdow.

2009 and 2018, more than one hundre@@80nm fabs closed worldwide with 70 percent of the closure
locations in the United States and Japan. According to IC Insightsohtlheyabs had been used for

decades and had outlived their usefulogerpln some cases, they were replaced by more cost efficient or
upgraded facilities. In other cases, the cost of fab ownership was,aodtieaicompany moved tofab

lite or fabless business maéel.

Six companies operate the twenty 300 mm fabs, and are located in eight U.S. states, as detailed in the
following table All but Skorpios also operate fabs overseas. As noted above, Intel has semiconductor
production operations in Israel, Ireland, anda&ChMicron has fabs in Singapore, Japan, and Taiwan in

addition to its U.S. facilities, while Texas Instruments hastimodu China, Malaysia, Taiwan, and the
Philippines in addition to Texas. GlobalFoundries, the leading Uayptwandry, iswned by the

Emirate of Abu Dhabi via sovereign wealth fund Mubadala and also has fabs in Germany and Singapore. In
2019, the company scrapped plans to open a fab in Chengdu, China.

Company # of Fabs Location Products

GlobalFoundries 2 Malta, NY Foundy

Maxi mum out put that can be produced, see: Varas et al.
I n An Uncertain Erabod

®Varas et al. AStrengthening The Gl obal Semiconductor ¢
fVarasetali St rengt hening The Global Semiconductor Supply Ch
Varas et al. fAGoveSGQomemet iltniceenntdsvsesi mn3enmi conductor Ma

Consulting Group and Semiconductor Industry Association, September 2020).
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Company # of Fabs Location Products

GlobalFoundries 1 East Fishkill, NY Foundry
Intel 2 Chandler, AZ IDM/Logic
Intel 4 Hillsboro, OR IDM/Logic
Intel 2 Albuguerque, NM IDM/Logic
Micron 1 Boise, ID R&D/Pilot
Micron 1 Lehi, UT IDM/Memory
Micron 2 Manassas, VA IDM/DRAM
Samsung 2 Austin, TX IDM/Foundry
Skorpios 1 Austin, TX Pilot Fab
Texas Instruments 1 Richardson, TX IDM/Analog
Texas Instruments 1 Dallas, TX IDM/Analog

Source:Congressional Research Ser¥ice

While U.S. chip production capacity has been relativelycsiaddity and production are growing outside of

the United States, particularly in Asia. As a result, SIA predicts that, by 2030, the U.S. share of
semiconductor production capacity will fall to 10 percent, while the Asian share will grow to 831percent. |
2019, of six new semiconductor production facilities in the world, none were in the United States, while four
were in China.

As noted in the discussion of the O0designd segmen
logic, and analodhs can be seen in the diagram below, different regions of the world specialize in different
sectors. For example, the United States produces only five percent of memory chips, while South Korea
accounts for 44 percent, and China 14 pefcémthe memoy segment, as noted above, China has focused

on rapid expansion of YMTC, providing the company with $24 billion in subsidies allocated just for its
Wuhanfactorif The company 6s -micepfenngsipresentsaanlicect threatvto U.S. memory

chip makers Micron and Western Digital.

In the logic chip segment (e.g., computer and cell phone microprotkeddnied States produces none

of the leading edge (under 10 nm) chips while Taiwan accounts for 92 percent. At other logic chip nodes, the
United States is stronger: it produces 43 percent of advar22aifidogic chips, and the six to nine

percent of prior generation (28 nm and above) logic chips while Taiwan between 31 and 47 percent and
China between 19 and 23 percent. Finally, thedBtates produces 19 percent of analog/discrete chips

while China 17 percent and South Korea 27 pétcent.

0 This facility has been acquired by ON Semiconductor for $430 million; ON Semicond.ilttgaiw full
operational control of the East Fishkill fab at the end of 2022.

“"Congressional Research Service. ASemiconductors: u. s.
October 26 2020, p.22 https://crsreports.congress.gov/product/pdéBER4last accessed May 26, 2021).
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Breakdown of the global wafer fabrication capacity by region, 2019 (%) l '

Memory 5%  14% 1% 44% 20% 4 33%

2%

10-22 nm 43% 3% 28% 5% 12% 9% 8%

Logic
28-45nm [L78 19% 47% 6% 5% 4%  13% 9%
> 45 0m EEG 23% 3% 0% 13% 6% 7% 22%

DAO' 26%

Total 100%

Semiconductor Fabrication: Risks
The key fabricatiespecific risks are reviewed briefly below.

1 Lack of U.S. Production Capability at the MosAdvanced Technology LevelsThe United States
lacks semiconductor production capability at the most advanced semiconductor prcesserttie
5 nmi at which only TSMC (Taiwan) and Samsung (South Korea) currently operate. The most
advanced fabs indlUnited States are 107hoperated by Intel, which does not expect to enter full 7
nm production until 2023 and announced in Januar
or less production line for its latest graphics'elip.a result).S. fabless chip companies now rely
almost exclusively on Asian producers (especially TSMC) for production of the most advanced (7 nm or
less) chips. These are used in emerging industries, such as electrification, 5G, and Internet of things
(IoT). Muchof TSMCds 5 nm (and in the future, 3 nm) p
of companies such as Apple for utilization in mobile communications devices. In addition to supply
chain risks due to the geographic concentration of productitackiioé domestic capability at the most
advanced technology also raises concerns for national security, as secure aecktetarttate
technology is needed to provide technical superiority for some military applications.

1 Dependence on Geographicallfoncentrated Foreign Production for Mature Chipsin addition
to foreign reliance for leading edge chips, as reviewed above, the United States relies on sources
concentrated in Taiwan, South Korea, and China to meet demand for vafieadimpedge menyo
and logic chips that are used widely in myriad consumer and industrial applications. This impacts the
U.S.d8s ability to supply various sectors criticeé
infrastructure needs. Trailing edge ldgjus are used in many military and critical infrastructure
applications, which can have significantly longer lifespans than consumer applications.

1 Dependence on Chinafor SalesRevenl2ue t o Chinads dominance in th
space, U.S. clmiyakers are also heavily dependent on sales to China. China is the largest market for
semiconductors, most of which are theexpgorted when contained in end products, including
consumer electronics and appliances. According to The Economist in 28&8)dta, mobile phone
chip provider Qualcomm generated-thiads of its revenue from China, and memory maker Micron

“Some experts indicate that Intelo6s 10 nm process i S I (
Dani el Nenni, ASEMI CON West | ntel 10b8R018nd GF 7nm Upda:
BAl nt el plans to tap TSMC's 7 nanometer process for ' D
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generated 57 percent of its revenue from the cdumtigl reported in 2020 that China accounted for
26 percent of its revenue. Hesahance on sales to China provides the Chinese Government with
economic leverage and the potential to retaliate against the United States.

T Chinads Aspirations to Le&ad ntalbs Sédmireo rodu dther gllr
industry is relately small and its companies produce mostlglovd c hi ps. Chinads mos:
play foundry, Semiconductor Manufacturing International Corporation (SMIC), can only produce at the
14 nm node, with limited capacitjowever, theountry is in the male of major statked effort to
develop an indigenous, vertically integrated i nc
semiconductor wafer capacity stood at 16 percent in 2019, but is expected to grow to 28 percent by 2030.
The Chinee Government is devoting $100 billion in subsidies to its semiconductor industry, including

the development of 60 new manufacturing facifitks di scussed in the discus:
segment of the supply chain, China has namgréssively with gabsidies to develop a hegrewn
memory chip maker to break its reliance on the v

Korea), SK hynix (South Korea), and Micron (U.S.). U.S. memory firm Micron is a direct competitor
with YMTC and will likg be the first U.S. firm to see its future competitiveness and ability to innovate
threatened as a result of Chinese subsidies funding its competitor.

1 Workforce ChallengesThe domestic semiconducton dustry has experienced a
workforce coupled with difficulties in attracting and retaining younger workers with the necessary skills
(for whom the semiconductor industry competes with other technology companies). Workers in fabs,
such as factory technicians and line workers, account foB&lpeucent of the domestic
semiconductor workforce. These workers maintain and operate complex manufacturing equipment; the
positions typically r equ-4pedficlatdenltranng’t an associ at

1 Rising Fab Costs: Assemiconductor technologies advance, the cost of building a next generation fab
increases significantly. As noted above, the cost of a fab at the 5 nm node is approximately $12 billion
while that for a fab at the 3 nm node may exceed $20 billion. ltogudéfy the initial and ongoing
investment for a fab, the average fab utilization is 80 gerthis.is one reason that the small and
medium sized semiconductor companies are mostly fabless, concentrating on the design and IP for
semiconductors withibhaving to maintain an ongoing fab business.

T Unique Challenges of Developing New Manufacturing KnowledgeProduction IP, the
manufacturing knowow that is created in the process of translating knowledge into products, is the
critical link between RZand all downstream economic benefits. A manufacturer that invests in
developing production process IP only captures the benefits associated with that IP and the portion of
the relevant market that they captiitee comparatively massive benefits asedaivith the IP and the
rest of the market are generally lost fordaesome cases, that same IP geteveloped by otherfn
other cases, that same IP gets stolen. Finally, sometimes the same problem gets solved through a
different path.All three of those results capture some of that lost beénile this principle is true
across all of manufacturing, it is much more acute in semiconductors due to the higher independence of
processing technology from gadduct application.

In summary, whélU.S. production capacity has been stable, the United States lacks sufficient capacity on a
relative basis to produce semiconductors and relies extensively on sources in Taiwan, South Korea, and China
for production. The United States is heavily depeodensingle compadlySMGSfor producing its

"PThe semiconductor industry and the power of globali z:
AStrengthening thedUus$ri 8¢émBaseaduct{ e mi conductor I ndu:
“AiComments of Semiconductor Industry Association to Rec
America's Strategy for STEM Educ Semicomidctor8nslustiye d . Reg. 55
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8%Fal an Yinug, AChi pmakers Are Ramping Up Production to
Takes Ti mebo

4(



leading edge chips and has significant dependence on CGhatar®nodéogic chips. Since

semiconductors are such key components, the fragile supply chain for semiconductors puts virtually every
sector of he economy at risk of disruption. Recent events affecting global supply chains, such as the
COVID-19 pandemic, weathmlated events, and the blockage of the Suez Canal demonstrate the
importance of preparedness and supply chain resilience. Thddawokstit production capability also puts

at risk the ability to supply current and future national security and critical infrastructure needs. U.S.
production is also threatened by significant Chinese investments to expand its chip productiomdapability a
a greying of the U.S. workforce.

SEMICONDUCTOR ASSEMBLY, TEST, AND PACKAGING AND ADVANCED PACKAGING

This section reviews the ba&rld segment of chip production, ATP, as well as the related U.S. supply base,
and discusses the advanced packaging shigiplyincluding current resilience and risks.

Semiconductor ATP: Overview

In the backend ATP stage, chips are assembled into finished semiconductor components, tested, and
packaged for incorporation into finished products. The ATP stage occutwainaadels: (1) by IDMs

and foundries or (2) by Outsourced Semiconductor Assembly and Test (OSAT) companies that specialize at
the test and assembly business and provide services on contract. While U.S. companies have 28 percent of
the market share of ATBvenues and 43 percent of the market share of IDM ATP revenues (followed by
South Korea, Japan and Europe), as noted below, companies have outsourced ATP production to facilities
outside the United States. Foundries such as TSMC (Taiwan), UMC @i@ai@hina), and XMC

(China) have entered the packaging business to increase the manufacturing services they offer to their fabless
customers, especially the advanced packaging of chiplets. TSMC introduced its first advanced packaging
solution in 2012 In 2017, there were more than 100 different OSATSs in the Paditkete are eight large

OSATS; most are smath mid-sized players.

While there are some U.S. OSAT companies (notably Amkebpgpdédcompanies only represent 15
percent of OSAT busiag (Taiwan leads with 52 percent, followed by China with 21 percent), and Amkor,
while headquartered in the United States, does not have a U.S. production facility.

ATP Market Share (by Revenue)

All ATP 29% 28% 14% 13% 7% 5%

Source: CSET, VLSI Research

Traditionally, ATP has been an automated and lower value business that requires considerable floor space
and employs mostly letech workers (this is changing with the introduction of advanced packaging
techniques discussed below). Consequently, thieiest stage of production to be outsourced (starting

in the 1970s), primarily into Southeast Asia. Today, the majority of ATP takes place in China, Taiwan and
Southeast Asia (Singapore, Malaysia, Philippines, and Vietham). SEMI and Techsiearohoidetitdn

120 OSAT companies and 360 packaging facilities around the world for 2018. Of the 360 facilities, more
than 100 were in China, around 100 in Taiwan, and 43 in Southeast Asia (the other facilities were in Europe

88Her b Reiter, "TSMCbds Advanced | C Packaging Solutionso,
2Mark Lapedus, " What Next for OSATso, (Semiconductor Ei
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or the Americag}.C h i n aA® prod@®on is current to the mainstream packaging technologies, but
China is developing advanced packaging technotégies

In addition, with respect to testing, for national security considerations, semiconductor technologies must be
gualified and testdor use over military temperature ranges (extended range), radiation resistance, and harsh
environments. This involves, among other things, single event effects (SEE) testing tising heavy
radiationtesting infrastructure. The existing U.S. Heavgdiatiortesting infrastructure is fragile and

cannot meet current or future SEE testing demand. Customers are already experiencing long wait times and
rising testing prices, and it could easily suffer major strains if even a single major facitityrclose

suddenly6 Ther e are fewer than half a dozen accelerato
sufficient ion species and & Theimgacts availdbitity aitesingtot h e n
support future space missions among space agencies and industry, including satellites.

Semiconductor ATP: Risk

Today, the United States only has three percent of worldwide semiconductor packaging capesity (this do
not include testing capadityostly provided by IDMs, which often have their ATP facilities outside the
United States. While this has been a historicatigdbvwomponent of the supply chain, it is a critical step.
The United St aATR@dluctibrip SoutlicashAsie, Tabvan and China exposes the U.S.
supply chain to disruptions.

Semiconductor Advanced Packaging: Overview

While, as noted above, ATP has historically beervall@womponent of the supply chain, packaging is
increasigl y becoming more advanced. For decades, the
which provides that the number of transistors on a semiconductor doubles roughly every two years. Today,
the power and performance benefits of chip scalidgranéshing at each new nadeilethe cost per

transistor has be@mcreasingWhile scaling remains an option, as it becomes more expensive and difficult

the semiconductor industry is searching for alternatolading putting chiplets and/or mdhan one

integrated circuit into one package. This is known as advanced péackdganred packaging represents

both an alternative and complementary technology to linewidth shrinks as it offers higher chip density at the
packaging instead of the cleipel and allows for integration of different chip functions in a single package.
Advanced packaging also allows for increased use of conufighgahelf (defense approved) chips for

custom solutions.

Advanced packaging types inclidp stackingechnologigs especially for memory chiijpsand embedded

die, farout waferlevel packaging asysterrin-package (combining chiplets or multiple chips in one

packagef One approach with logic chips has been to separate standardized IP functionscinto distin

smal l er chips, called o0chipletsdé that are connect
functions with other chiplets, so the design must-bptitnized and the silicon cannot be designed in

isolatiort® The Defense Advanced Research Projects Agency (DARPA) and the Department of the Navy as
well as industry participants (AMD, Miyaad Intel) have had a number of projects exploring this

approach. Advanced packaging has significant value for satiorigl to enable disaggregation of

83SEMI, "Industry's Only Worldwide OSAT Manufacturing Sites Database Now Tracks 360 Facilities, Expands

Test Sit ePRONewswiredayamber 20(2019).

8Mark Lapedus; Chi na Speeds Up Adyv aSemiechdud@an Engine&iadgure P202p26)e nt 0, (
®AiTesting at the Speed of Lighto, (The National Academi

8SEMI, APublic Comment 52. SEdddns.goKApni5FRIMmar k. 04/ 05/ 210,
Mar k Lapedus, "Shortages, Chal Santcgndustor Engigeerinfebriasyc k agi ng
18 2021).

%A Advanced Packaging: A collection of approaches for coc
and | ower costo, (Semiconductor Engineering, n.d.).
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functional, security, volume, environmental performance, thus allowing customizable device for unique
national security applications.

In 2019, advanced packaging made up 42.6 percent of total semiconductor paciiagirasthys

expected to reach nearly half of the total semiconductor packaging markep bBhhd@suld be a

compound annual growth rate (CAGR) of 6.1 percent from 2014 to 2025, more than doubling advanced
packaging revenue from $20 billion in 20tdughly $42 billion in 2025. This is almost triple the expected
growth for the traditional packaging market, estimated at a 2.2 percent CAGR from 2094 to 2025.

Advanced Packaging: Current Resilience

The top 10 advanced packaging companies includBMwdintel (U.S.) and Samsung (South Korea)); a
foundry (TSMC (Taiwan)); the top five global OSATs (ASE Group (Taiwan), SPIL (Taiwan), Amkor (U.S.),
Powertech Technology (Taiwan), and JCET (China)) and two smaller OSATs: Nepes Display (South Korea)
and Clipbond (Taiwan)). These 10 companies process approximatébuttive®f all advanced packaged
chips®?

Advanced packaging in the United States is primarily provided by IDMs, including Intel, Texas Instruments,
and Micror?3 One U.Sbased foundry, GhalFoundries also provides advanced packaging Sénvices.

addition, smaller companies, such as Micross, Skywater and Qorvo, provide advanced packaging services to
supply niche defense and industrial rféeds.

While China does not currently have strdmgreced packaging capabilities, as noted above, it is developing
advanced packaging capabilities in order to compensate for its lack of productioneddeading
semiconductors.

In addition, as capabilities and demand for advanced packaging growtscembméted in response to the
Feder al Regi ster Notice of I nquiry (NOI) note tha
packaging substrates (which are based on printed circuit board technologies) and related supply chains
present vulnerdhies?” Suppliers for substrates are based in Asia. Key substrate companies include: Ibiden
(Japan), Nanya (Taiwan), Shinko (Japan), Samsung (South Korea), Unimicron (Taiwan), Shennan Circuits
(China), Zhuhai Yueya (China), and AKM Electronics Indi¢Stniaayé In addition, printed circuit board

P®Kumar et al ., AWebinar: Tr enddvsa nacnedd Phaaclklaegni gnegsd ,i n( SSeemmi cc
Industry Association, September 29 2020).

91Santosh Kumar, Favier Shoo, and Vaibhav Trivedi, "Status Of The Advanced Packaging Industry 2020: Market &
Technology RepotJ ul'y 202006, (Yole Development, July 2020).

2f Adrvcaed Packaging Current Trends & Challengeso, (Yole
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manufacturing has shifted to China, making China a more attractive market for substrat suppliers.

IPC/U.S. Partnership for Assured Electronics (USPAE) estimates the United States is 20 years behind Asia in
printed circuit board manufacturing technologies necessary-fgemerstion electronics applications and

30 years behind in the capability to manufacture the printed circuit board mandileesulrgjrates

necessary for advanced microelectronossi@isg®® The U.S. printed circuit board manufacturing industry,

which once accounted for more than 30 percent of total global production, today accounts for less than five
percentol

Semiconductor Advanced Packaging: Risks

Key risks pertaining to advathgackaging are reviewed below.

1 Chinese Investments in Advanced Packaging Threaten to Upend the Market in the Future:
While China lacks strong advanced packaging capabilities, the Chinese government has made significant
investments in advanced packagia the past several years, advanced packaging has been a
technology priority for the Chinese semiconductor industry, with the State Council aiming to have
advanced packaging account for about 30 percent of all packaging revenues earned by Ghinese vendo
by2018%2|1 n January 2021, SMICO6s newly hired vice <ch
focus on advanced packaging to overcome their weakness in reducing semiconductor linewidth, probably
signaling that SMIC will be aggressively moving into advanceohg#eksigphen Hiebert, senior
director of marketing &t.S. semiconductor packaging equipment company KLA reported in 2018
0éwe see strong OSAT investment in China as adve
frontend f ab®projects. o6

T Lack of Cgabilities in Materials for Advanced PackagingAdvanced packaging substrates, which
are based on printed circuit board technologies, and printed circuit board manufacturing is primarily
based in Asia, with the latter based primarily in China. This chedlenges for companies seeking to
invest in advanced packaging in the United States.

9 Defense Needs Alone Are Insufficient to Keep Advanced Packaging Onshofehandful of U.S.
companies provide advanced packaging solutions for defense needs, piigsehacemall share of the
market. As advanced packaging capabilities continue to grow outside the U.S., they will soon overwhelm
the volume of defense needs and market forces will draw-ésgircgpabilities offshore. Ultimately,
volume drives botmmovation and operational learning; in the absence of the commercial volume, the
United States will not be able to keep up either with the technology, in terms of quality, cost, or
workforce.

In summary, the United States relies on foreign sources i@aadeantAsia for bagnd ATP capabilities,

creating supply chain disruption risks in this segment of the supply chain. Packaging is becoming more
advanced as the industry is pursuing new approaches to compensate for the complexity, lower yield, and
diminishing marginal returns of esaraller feature sizes at the most advanced or smallest nodes. While the
United States and its partners have advanced pack

¥ The loss of technological leadership in printed circuit boards shows weaknesses in the electronics supply chain
beyond semiconductors that is not the subject of this report, but as constertter federal register notice have
indicated, are weaknesses that also need to be addressed to ensure a strong supply chain.

W PpPC and USPAE, fAPublic Comment 91. | PC and USPAE. Chr
2021).
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packaging threaten to upend the mankiste future. In addition, the United States lacks the ecosystem for
developing advanced packaging technologies.

Semiconductor Materials

As described above, modern chip manufacturing is an incredibly complex process, involving hundreds of
stepscompleted over several months. Among the essential inputs for semiconductor manufacturing are
hundreds of materials that are used in various stages of the fabrication process. It is beyond the scope of this
100day review to evaluate all of the inputshi® semiconductor manufacturing pro&e®8.0ne market

research firm estimates that the global market for electronic materials and chemicals and gases for the
semiconductor industry was valued at $18.3 billion in 2020 and is predicted to growllior$9§.2 b

20257 However, the following provides a brief review of the supply chain for certain key semiconductor
materials.

Polysilicon

The process of manufacturing semiconductors starts with silicon, which is the second most abundant element
intheeart hds crust. Al t hough most silicon is wused i
silicon is used to produce polysilicon, a high purity form of silicon used in the electronics and solar industries.
The semiconductor supply chain hegiith polysilicon of ulttaigh purityd 99.99999999999 percent pure.

It is often r eiwithimpudtiestequivaeat tojustbne yraimod sari in 16 Olyixgyic

swimming pools. To produce the ultrahigh purity polysilicon, silkconkised chemicals such as

trichlorosilane gas in a very energy intensive process. Polysilicon used in the solar industry is of a lesser
grade, known as 09 Ninesdé pure, and sol ar®applica

There arseveral manufacturers of electregiesle polysilicon with manufacturing in the United States,

including Hemlock Semiconductor (Michigan), Nebaagd REC Silicon, Germdmased Wacker

Polysilicon, and Japhased Mitsubishi Materials America. -bhh®d Hemlock Semiconductor indicated

that it has the capacity to increase polysilicon production by 50 percent, yielding up to 35,000 tons of
polysilicon per ye&® Although the U.S. currently has production capacity, according to the domestic
producers, &. technological leadership and production of semicorgazterpolysilicon is at risk due to
Chinads actions to increase its dominance of both
these actions, which include a high tariff onifedysimported to China, U.S. polysilicon producers have

been cut off from the Chinese market, which represents over 95 percent of the giptzalesplalysilicon

market. Direct and immediate customers in the solar industry currently do nohexisiited States.

Because the production processes for semiconductor grade and solar grade polysilicon are closely related,
U.S. producers must be able to take advantage of a robust global market for solar energy products to ensure
continued production ohaterial for semiconductéts.According to these producers, China now accounts

for over 70 percent of polysilicon production capacity, and U.S. producers, ninglpercent.

105|n response to the Notice of Inquilsgveral of those commenting noted supply chain vulnerabilities for specific
materials used in the semiconductor manufacturing process, including ABF substrate, lanthanum, cerium, scandium,
cesium, hydrogen fluoride, and helium.

106 For more information ospecific semiconductor materials see: Saif M. Khan, Alexander Mann, and Dahlia

Peterson, AThe Semiconductor Supply Chain: Assessing N
WAaEl ectronic Chemicals and Materials: The Global Marke
8Johane s Bernreuter, fAPolysilicon Uses: The |ionb6s share
Research, June 29 2020).

Tayl or DesOrmeau, fAHidden in the cornfields, Michigan
10/ T r apt:&ictualiForum for Risks in the Semiconductor Manufacturing and Advanced Packaging Supply
Chaino, (Bureau of Industry and Security, April 8 2021
Mi65% surge in polysilico prices triggers anexpected

n
installation outlook in 20200, (Il HSMarkit, September 2
C

4t



Semiconductor Wafers

After the polysilicon is produced it must be grown into inpetingots are then sliced to make the thin
diskshaped silicon wafers from which the chip manufacturing process begins. The United States lacks the
manufacturing capacity to transform polysilicon into polished, blank wafers. As most semiconductors are
made of silicon, this is a key vulnerability.

The major players in the silicon wafer maridtich are capable of producing 300 mm wafers used-in state
of-the-art semiconductor fafysare headquartered in Japan, Taiwan, Germany, and South Korea. Japanese
firms are dominant in this sector, with an estimated 56 percent share of the market, followed by Taiwan (16
percent), Germany (14 percent), and South Korea (10 percent). Only small U.S. firms, such as Virginia
Semiconductor, manufacture silicon waféheugih some of the foreign (German, Japanese, and Taiwanese)
firms have production facilities in the United States. China is not a major player in this market, and has very
limited capability to make 300 mm wafers; the estimated market share of iGtsnssess than five

percenti2

The global semiconductor industry has been constantly increasing the diameter of silicon wafers used as the
larger the diameter of the wafer, the more real estate of silicon is available for manufacturing. At present, the
semiconductor industry is widely making use of 300 mm wafers; investments for 450 mm wafer production
were explored by a collection of leading manufacturers, but significantly higher manufacturing costs for
semiconductor processing tools and lower expettieds on investment led to the abandonment of this
approach. Two hundred mm wafers also continue to have a large market, especially for commaodity
semiconductors.

With respect to silicon wafer manufacturing equipment, according to comments subesiftedsie to the

NOI, most of the specialized equipment, including the special furnaces used to grow ingots from polysilicon
called Czochralski, or CZ pullers; and the special materials used to transform polysilicon into wafers,
including quartz cruciblegaphite parts, and slicing wire; aressaleeed or not produced in the United

States!s

Although the vast majority of commercial semiconductors are produced from silicon wafers, compound
semiconductors, which feature a thin coating of a materidiffeittnt physical and conductive properties,

are better suited to key emerging applications in 5G communications, autonomous vehicles, renewable energy
and military systems. These materials, which include germanium, gallium arsenide (GaAs), GaN, and SiC
continue to function well beyond the temperature threshold of silicon, and can thus deliver superior
performance with lower size, weight and power requirements. Compound semiconductors have historically
been developed for military or specialty comntianisaand optoelectronics applications and have been

more expensive. However, as they are increasingly being used commercially and there have been
developments in GaN and SiC, the cost differential has decreased.

The United States currently has a leaggrehition in GaN microwave electronics for radar, electronic
warfare and communications. Other countries, especially China, are making large national investments to
create their own GaN electronics capabilities.

The Department of Energy has long racagl the importance of developing compound semiconductors for
power electronics, having established Power America, a Manufacturing USA Institute in 2015. Power
America is a consortium of 60 companies, universities and federal laboratories focusedting dlcee
adoption of U.Smade SiC and GaN in applications such as electric vehicles, renewable energy, grid

W25 ai f M. Khan, Al exander Mann, and Dahlia Peterson, AT
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resilience, and mass transit systenis.addition, DARPA has funded numerous programs focused on
indium phosphide, GaAs, SiGe, SiC, GaN lamdrum nitride plus recent work on ultnide bandgap
semiconductords Beyond this investment in research, however, there remains a significant need for a
domestic foundry, as foundry services for SiC and GaN are mainly 8ffshore.

The United States igjkobal leader in deployment of SiC, making it a true competitiveness success story, due

in large part to consistent and substantial U.S. Government investments over decades. The United States has
homegrown SiC companies and has also attracted sidoifégggntdirect investment. Cree Power (U.S.) is

perhaps the bekhown example of the former. With regard to foreign direct investment, Infineon

(Germany) has dramatically increased its U.S. presence in recent years with the acquisitions of American
conpanies International Rectifier in 2015 and Cypress Semiconductors in 2020.

Photomasks and Photoresists

Photomasks, including reticles, are plates that contain the pattern used to produce integrated circuits. Since
custom photomasks are usually identifjeehduser, they are one of the areas of the semiconductor supply
chain that pose the most risk for malicious tampering.

As transistors have become smaller and smaller, photomasks have also become more complex in order to
accurately transfer increasingiyplex patterns onto the silicon wafers. Masks are made using a process
similar to that used to make the chips themselves,-bsamdithography and laser lithography machines.

During the photolithography step of the semiconductor fabricationspiaess shined through the

photomasks to produce a pattern on the wafer. A photoresist, which is a light sensitive organic material used
to form a pattern, is then applied to the wafer, which is then exposed to light using a photolithography tool.
The pattern created in the photoresist is then etched in the wafer to create the minute, highly complex circuit
patterns of the semiconductor design. Photomasks fesfdtatert chip manufacturing, using EUV

technology, are significantly different t@mventional photomasks. EUV masks work by reflecting light,

rather than blocking light and use a silicon and molybdenum layered substrate rather than chromium and
quartz.

Captive production of photomasks is common among large semiconductor firrfi$.SIjt&amsung

(South Korea), TSMC (Taiwan), and SMIC (Chirregvalirhouse mask making operations. Fabless
semiconductor companies, however, rely on merchant photomask manufacturers, leaders of which are
headquartered in Japan, the United State$aaman. The Center for Security and Emerging Technology

(CSET) estimates that Japanese firms control 53 percent of the merchant mask market, while U.S. firms have
40 percent, and Taiwanese firms, seven p&fcent.

According to the CSET supply chstimdy, Japanese firms also dominate the semiconductor photoresist
market, with an estimated 90 percent share. The remaining 10 percent is held primarily by firms based in the
United States and South Korea. China has little indigenous capacity t@gvadaeed photoresists.

UltraPure and Regular Chemicals and Gases

There are many providers of chemicals and gases for the semiconductor industry, with leading companies
based in the United States, Japan, and Europe. Foreign companies usually heeéretipeederted

States. The bulk of the business of most chemical and gases providers is outside of the semiconductor
industry.

15powerAmericafi Pub |l i ¢ Comment 45. Power America. Victor Veliad
8Nati onal Defense Industrial Association, fiPublic Comm
Nick Jones. 04/05/2106, (Regulations.gov, April 6 2021)
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The United States, Japan, and France produce semiconductor gases. Currently, the six largest suppliers
Versum Materials (8.), SK Materials (South Korea), MTG/TNS (Japan), Air Liquide (France),
Linde/Praxair (U.K./U.S.), and KDK (Jap@montrol about half of the overall market, with about 50
suppliers accounting for the other half of the méiket.

The United States, Germamd Japan are leading producers of wet chemicals. KMG Chemicals (U.S.),
Avantor (U.S.), Honeywell (U.S.), BASF (Germany), and Kanto Chemical (Japan) have more than 60 percent
of the market share of wet chemi&als.

Raw Materials

The raw materials ubt produce wafefsincluding silicon and galliérare concentrated in China. Helium
gas is also in shortage. The U.S. is a source of helium howeverpitaducbygf natural gas production
and therefore subject to gas priges.

Some of theritical materials, minerals, and rare earth elements discussed in the critical minerals and
material s®& supply chain review required under Exe
manufacturing (including gallium and polysilicon). Howkkeugh these materials are critical to the
semiconductor manufacturing process, other uses of these materials are consumers of thesandaterials,

the issues for these materials are not particular to the semiconductor industry.

Semiconductor Materials Risks

T \Variety of Materials RequiredThe incredibly complex semiconductor manufacturing process requires
hundreds of essential inputs, many of which are raw materials, chemicals, and gases. These materials
have their own complex supply chains, ang tikatain hidden choke points that could disrupt
production. In addition to the raw materials, compound semiconductor materials are increasingly
important to commercial and military applications. Global leadership in automated vehicles, renewable
energyand cloud computing will require sustained investment in materials research, both to understand
and characterize unique material properties, and to utilize them in such a manner that effectively exploits
those properti€ig3

1 Dependence on Foreign Sourcingvlany of the materials used in semiconductor manufacturing have
limited production in the United States. The majority of silicon wafers are manufactured in Japan, with
an additional quarter of the supply filled by nearby Taiwan and South Korea. nnsmdéicaw
materials, including silicon and gallium, are primarily sourced from China. Certain specialty inputs such
as certain electronic grade gases and chemicals, also have limited domestic sotktig, if any.
disruption in the supply of any of thesaterials could have-faaching impacts on semiconductor
production.

1 Geographic Concentration of Supplierdn addition to a dependence on #hi$. sources, many of
the foreign sources of materials for semiconductor manufacturing are conceBastessia. As
noted above, gallium and indium are primarily sourced from China, and silicon wafers, photomasks, and

%Mi ke Corbett and Andy Tuan,tyO@Gasesani ( BEBMI j nOEtebeéer o
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photoresist are primarily sourced from Japan. Additional sources of supply are largely concentrated in
Taiwan and South Korea.

1 Safety, Avdability, and Transportation of Chemicals and Gases:.ong distance supply chains for
chemicals and gases can present a safety and material purity concern, and semiconductor manufacturing
requires the constant input of certain gases and chemicalsndelsesials companies often have
production/services near semiconductor fabs for this reason. Thetditigkvet chemicals are already
in short supply, as, according to public comments, the low margins leave no incentive to expand
production capacity?

In summary, foreign suppliers dominate the market for silicon wafers, photomasks and photoresists.

Japanese companies are especially strong in these industry sectors. The products, however, are manufacturec
in various locations throughout the world, mady of the foreigheadquartered companies have

production facilities in the United States to serve domestic semiconductor manufacturers. The United States
and ally countries produce gases and wet chemicals for semiconductors. China does notitiaaje compet
technologically advanced indigenous production capability for wafers, photomasks, or photoresists.

However, China is the leading global supplier for gallium, one of the base elements for gallium nitride and
gallium arsenide semiconductors.

SEMICOND UCTOR MANUFACTURING EQUIPMENT
SME: Overview

There are multiple categories of SME, each used in a different step of semiconductor production line. There
are equipment types specific to manufactuthé ng bar
bare wafer to semiconductors on a wafer (femt), packaging (Baekd), and equipment for

manufacturing photomasks (mask manufacturing). Chip manufacturers need all the categesias of front
equipment in their manufacturing line. The costroplex frontend semiconductor manufacturing

equipment is a major reason (along with construction costs) for the high cost of a semicoituctor fab.

Frontend SME include equipment for fabrication steps, including lithography, etching, doping or ion
implanation, deposition, and polishing or chemical mechanical planarization. Of particular note is metal
organic chemical vapor deposition (MOCVD) equipment, a specific type of deposition equipment that
deposits thin layers of certain metals, used primatig fsmoduction of compound semiconductors,
including those based GaAs and GaN. Ba@&nd SME includes equipment for ATP and advanced
packaging.

SME: Current Resilience

The SME industry is dominated by companies in the United States (41.7 perbgneskare), Japan

(31.1 percent share), and the Netherlands (18.8 percent share). South Korea has 2.2 percent share, and the
rest is shared among China, Germany, Taiwan, Israel, Canada, and additional countries in Southeast Asia and
Europel2’” Many of tle South Korean SME companies are owned by Samsung or SK hynix, or one of these
South Korean semiconductor companies is their primary custoitiough there is a Chinese company

producing every category of semiconductor manufacturing equipment,c8hipasés do not have a

notable share of any category except assembly and packaging equipment and MOCVD.

2SEMI, APublic Comment 52. SEMI. Kim Ekmark. 04/05/ 210
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The top five semiconductor manufacturing equipment companies for 2019 were Applied Matérials (U.S.
18.8 percent world market share), ASML (Netledel6.8 percent), Tokyo Electron (JafpaB.4

percent), Lam Research (18.51.8 percent) and KLA Corporation (18.6.8 percentpéfor a total 67.6

percent of the world market (by value).

As indicated in the figure below, while the United Statsighifisant market share in the production of
most frontend SME, the notable exception is for lithography scanning/stepper equipment, which is almost
all manufactured by the Dutch company ASML and Japanese companies Nikon and Canon.

One piece of SME cdrave over 100 parts, and parts of and accessories for SME (HS 848690) is the largest
trade category for this industry. According to the Census Survey of Manufacturers, half of the revenue for
sales of U.S. semiconductor manufacturing equipment isrsparts@and other materigsU.S.

companies provide key parts for equipment sold by foreign companies. Notably, Cymer (U.S.) manufactures

the | asers for ASMLOs EUV stepper/scanner | ithogr
Cymer remains aparate operating unit in ASML located in the United States. Also, some of the minerals
and materials referred to in the oOMaterialso sect

manufacturing equipment.

Due to the limited market and custosrend the cyclical nature of sales, most of the large equipment

companies manufacture more than one type of equipment so they can offer a full suite of devices and upkeep
options to customers. Lithography stepper/scanner equipment companies suchams ASkNXception to

this rule because of the unique technologies of the equipment. Lam Research specializes in deposition and
etch, Tokyo Electron (TEL) in deposition and etch, and KLA in metrology and ingplection.

202019 Top Semiconductor Equipment Suppliers; The year
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R2019 Annual Surve
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As indicated above, for lithography, ASML (Netherlands) is the sole producer of EUV stepper/scanners,

which are essential for producing integrated circuits with a linewidth of 5 nm or less. However, only two
semiconductor manufacturers, TSMC and Sancsurently use EUV machines in production, which cost

more than $100 million. Both ASML and Nikon produce Deep\Villiiet (DUV) photolithography

machines that cast a beam of | ight through a phot
onto a wafer. Outside of the Netherlands and Japas
lithography equipment is primarily in lithography equipment for specific lower volume chips or for making
photomasks.

An exception to Japanese and Dutatideship is MOCVD equipment, which is used in the production of
semiconductors made from materials other than silicon (such as GaN and GaAs), including LEDs, laser
diodes and other photonic chips, power/RF devices, and solar cells. As mentionedralzrea]efense
implications for GaN chips. MOCVD equipment is manufactured by Veeco (U.S.), Aixtron (Germany) and
AMEC (China). China attempted to gain market share in the MOCVD market through acquisitions. In
2016, Chinese entity Fujian Grand Chipstmvent Fund, a company formed for the transaction that

included statand regional owned bodies, tried to buy Aixtron, but the prospective acquirer dropped its
takeover bid after the deal was blocked by President Obama after a review conducted bytégeoBommi
Foreign Investment in the United States (CR3S).

¥25aif M. Khan, Alexander Mann, and Dahlia Peterson, @AT
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The top three companies for etching equipment are Lam Research (U.S.), Tokyo Electron (Japan), and
Applied Materials (U.$3}.Chinese companies, including AMEC, have developed some expestissnth et
can compete in most segments except leading edge, however their market share is only aroundsone percent.

In contrast to fronend SME,He United States haeetatively small market share (4.9 percent) irebedck
packaging SMElapan has the dgst share of packaging equipr@h¥ percentjollowed by Ching22.9
percentand the Netherland&1.1 percent). However.S-basedulicke and Soffa is a leadBIgE
packagingompany The United Statesd Japaare leaders in baekd test egpment (for ATP), with
33.5 and 48.6 percent of the market share, respectively.

SME: Risks

Key SMEspecific risks are reviewed briefly below.

9 Dependence on Foreign Sale&Vhile the United States has a significant share of the SME production
market, U.Sroducers are highly dependent on foreign sales. As the largest manufacturers of
semiconductors, Taiwan, China, and South Korea are the largest market&fokl8Md&gh Taiwan
is expected to regain its position as top market for SME for 2021 aldd2@2d, significant spending
in chip production, Chinads c¢onsrpekampeyU®Sf SME |
based Applied Materials and Lam Research report that approximately 90 percent of their total revenue in
2020 resulted fromndnh. S. sal es, with China growing from 16
2018 to 31 percent in 2020 Accadingly, U.S. SME producers are at risk of being significantly
impacted by trade restrictions between the United States and China or unexpected demand shifts in Asia.
The resulting impacts could last far beyond current revenue declines, as semicandizatiurens
experience some degree of equipmeninpekith changing equipment providers requiring costly
redesi gns. Lam Research, for instance, noted i
manufacturer c¢ommi t ssemicondyctorrmarufacsueng equipmemyphet i t or 6 s
manufacturer typically continues to purchase t he
to sell our equipment to that customer . 6 Al so,
with fabs, universities, and semiconductor industry cofis8Mti& companies cannot increase their
customer base beyond these categories as this equipment is unique to the semiconductor industry.

r

1 Chinese Subsidies for SME Production Distort the Marketn additon, China plans to provide
significant subsidies to fund SME production in
Circuit Industry Investment Fund, discussed below, focuses on etching machines, deposition, test, and
wafer cleaning equipmaevith funding from $28.9 to $47 billigh.Subsidies keep the Chinese
companies in business even though most do not appear to be makingrpes@mple, according to
Organization for Economic@p er at i on and Devel opmenf{ectgn®© ECD) , 0
have had discernable effects on the financial p €
increases in firm assets are not matched by any increase in prafité&olhg. subsidies provide
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Chinese companies with access to funds &t inVe&D for the next generation semiconductor
manufacturing, affording significant advantages to these companies relat@aittesercompanies

that do not receive such subsidies. In view of the massive R&D and capital expenditure to manufacture
SMEsand uncertainties with respect to the timing and location of leading edge chip production, unlike in
the past, today, SME makers are reluctant to invest in R&D for the next generation wafer size without a
commitment from top semiconductor companies.

1 Shotage of SME for Smaller Wafer SizeEven with widespread use of newer technologies like 300
mm lines, many types of semiconductors especially small surface area discrete semiconductors,
compound semiconductors, andture nod@ntegrated circuit semicomtiors were designed to be
produced on 200 mm or even smaller wafers. As a result, foundries usually have both 200 mm and 300
mm lines, and a notable share of semiconductors production is on 200 mm wafers or even smaller.
There is currently a shortag@® mm equipment, which shows no sign of abating. More than 200 fabs
currently in operation produce semiconductors on 200 mm wafers, mosityfemodehips (350
nm to 90 nm). Automotive, consumer (gaming), wireless communications, 5G smartphohek &ho s
are cited as driving demand for 200 mm capacity. In addition, analog, display drivers, power
management integrated circuits and radio frequency devices utilize 200 mm wafers or smaller and
industrial and power semicondudioespecially GaN or otheompound semiconductor often utilize
such wafers. An SME company reported that although sales of 200 mm wafer equipment declined from
2010 to 2015 toward a-50 split between 200 and 300 mm as expected, demand reversed to 2010 levels.
SEMI reports thiain 2019, there were five new 200 mm fabs and seven began construction in 2020
(three in China, and one each in the United States, Japan, and Taiwan). Although equipment for 200 mm
used to be available as used equipment, this market has dried wuigdemeat 200 mm is also hard
to come by, especially lithography equip#fent.

T Industry Consolidation: Today, new equipment buys will be due to new fabs, technology, features or
need to increase output, increasing the importance of services and upigitaelesrasolidation of the
industry toward large providers with a wide range of products, such as Applied Materials, Tokyo
Electron, and Lam Research. This also puts the smaller equipment companies in danger of being
absorbed by larger companies or Iasfes to subsidiaries of the larger companies.

In summary, the United States has a significant share of global production of reost 8btE with the

notable exception of lithography equipment production, which is concentrated in the Netherkgpats and J
The United States also has a significant share of global productiorenfiiasking equipment. By

contrast, the United States has a relatively small market share in glebdl®é&kpackaging equipment

while China has a significant sharkile/China is currently highly dependent orCitnese sources for

SME (with the exception of packaging and MOCVD), it is providing significant investments focused on
production such equipment. These investments afford significant advantages tictaey lmemepanies

relative to other companies in terms of investments in R&D to produce equipment for leading edge chips.

RISK ASSESSMENT

The semiconductor manufacturing supply chain is so broad and includes so many materials and processes
that identifyingisks to the semiconductor supply chain is virtually synonymous with identifying all risks to
manufacturing in general. The SIA notes, for example, that one of its members has over 16,000 suppliers,
more than half outside the United States, and thai@sductor may cross international borders as many

as 70 times before reaching its final destiri&tidhe risks addressed in this report will accordingly not be
exhaustive, but represent an attempt to broadly categorize and summarize key rigkb/f&cing th
semiconductor industry.

“Mark Lapedus, @A200mm Demand Surgeso, (Semiconductor
Al am et al. AGlobality And Complexity of the Semicond
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The many categespecific risks identified above are often symptoms of more general supply chain
challenges. The Department of Commerce has identified broad risks that encompass most of the identified
threats to semicondoc supply chains: (1) fragile supply chains; (2) malicious supply chain disruptions; (3)
use of obsolete and generations old semiconductors and related challenges for continued profitability of
companies in the supply chain; (4) customer concentratigeopaditical factors; (5) electronics production
network effects; (6) human capital gaps; (7) IP theft; and (8) challenges in capturing the benefits of
innovation, aligning private and public interests.

Fragile Supply Chains: Many Inputs, Industry Concemation, and Geographic Concentration

The supply chains for semiconductor manufacturing are immense. Aside from the immediately apparent
inputs such as wafers and photomasks, the manufacturing of semiconductors requires hundreds of chemicals
and dozens afases. A 2018 study of chemical use in two memory device fabrication facilities found they

each used over 400 chemical products weighing over 45,000 ton$‘pescpeading to NIST, as many as

49 gases alone may be used in semiconductor pro#adany of these chemicals have their own

extensive supply chains that often originate outside of the United States or may depend on limited or single
sources of supply.

While not commonly thought of as manufacturing inputs, assured sources of watelyaare essegtial to

semi conductor manufacturing. One commenter respo
production facility uses two to five million gall
build an industrial water atenent facility to better insulate itself from droughts or otherretated

di sruptions, aiming to satisfy over 40 percent of
202447

Energy demands are also high for semiconductor fabricatiditied-acy require as much as 100
megawathours of power each hour of operatigequivalent to the amount of power consumed by the
average U.S. household in nine y&awith electricity amounting for up to 30 percent of fabrication

operating costs, &ss to reliable and affordable energy is essential for semiconductor manufacturers to be
competitivés0 The sudden cessation of water or electricity into a fab ruins wafers currently in the production
line, at a high cost to the manufacturer.

For inputs tlt can be kept in inventory, efforts to gain cost savings through reduced inventories increase
vulnerabilities to supply chain disruptions. While many companies seek multiple suppliers to reduce the risk
of disruption, for some items, this may not beilpessAs discussed above, many segments of the
semiconductor supply chain are highly concentrated, with one or a handful of suppliers dominating a
particular process or area of focus. One of the most visible such areas is in photolithography equipment,
where only ASML supplies EUV equipment, and the top three providers (ASML, Nikon, Canon) account for
virtually all of the overall market share.

The United States leads the world in fabless semiconductor design, which introduces the additional supply
constrint of outsourced manufacturing services. As noted above, 80 percent of the foundry market share is
located in Asia, nearly all located in Taiwan. With a limited number of potential suppliers of chip fabrication

WKim et al. AChemical uascet urni nghei nsdeuns tcroynod,u c(tlort enramautfi o n
and Environmental Health, October 24 2018).
YFEl uid Metrology Group, fdlndex of Semiconductor Proces

Technology, August 21 2020).
¥ChengTingFang MCiT8ckl es Taiwan drought with plant to reus

2021).
st eve Chen, Apoorv Gautam, and Florian Weig, ABringin
2013).
"iUse of energy explained: Energy use in homeso, (U.S.
St eve Chen, Apoorv Gautam, and Florian Weig, #fABringin
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services and severe geographic concentrasingle event such as a natural disaster can result in significant
disruption across the supply chain.

Indeed, the globalized and highly specialized structure of the semiconductor manufacturing supply chain,
combined with the economic benefits of ggalic manufacturing clusters, raises the risks of disruption

from natural and humanade disasters. For example, in December 202eh@uoi@ng power outage in a
memory fab in Taiwan impacted 10 percent of global DRAM &ddply more recent exarepthe 2021

cold weatherelated power outages in Texas led to short term closures of three chip manufacturing facilities
in Austin, further straining supply chains that had been impacted by-C®¥IIh addition, following a

fire at its facility in Mainc2021, Japanese chip producer, Renesas Electronics Corporation, said that it would
take 100 days for the plant to return to normal production. This further exacerbated the automotive chip
shortage because titird of the output of the impacted productime supplied automotive chipsWith

East Asia hosting significant concentrations of critical material inputs and manufacturing processes, and U.S.
semiconductor manufacturing concentrated in Texas, Arizona, and Oregon, the potential for a gingle event
have large impacts is heightened.

Domestic manufacture, processing, and distribution of semiconductors and materials and equipment related
to semiconductor manufacturing could potentially be impacted by current and future regulations under
environmerdl statutes. Regulated entities, including those in the semiconductor industry, may need to
identify specific chemicals in their supply chain and engage in R&D to reduce or replace those chemicals as
necessary. Given the complexity and challengesophe chain outlined in this document, this could, in

some cases, be a significant undertakheylJ.S. Environmental Protection Agency is aware of these issues,
including those raised by commenters regarding specific actions under the Toxic Sobstahges

and has been in constant communication with the semiconductor industry regarding how supply chain
impacts can be considered during development of future regulations.

Malicious Supply Chain Disruptions: Insertions and Counterfeits

The risk ofmalicious disruptions to semiconductors and their supply chains has risen in concert with
increased chip complexity, process separation, an
(DoD) Defense Science Board Cyber Supply Chain TaskoFbroes er t i on of a mal i ci ou.
vulnerability via the supply chain can occur at any time during production and fielding of a weapons system

or during sust ai nmeThe desigh stap is partituiady ivudnerdble o walerbtomo. 6
insertion. Such attacks would not need to be targeted at a particular end user; as designs and IP blocks can be
used across millions of chips a modified design could insert a back door across all chips using it, with a
malicious actor then able to tatge system using the chip, specialized designs for kneusesndould

be especially vulnerable. Theesat is also easily identified during the fabrication of the specialized

photomasks and packaging.

Counterfeiting and 1&se of semiconductors peats an additional risk. Beyond the revenue loss

experienced by the victims of counteffegistimated at $100 billion annually for the entire electronics

sectofi systems and end users can experience early or catastrophic failure as a result of counterfeit
semiconductorsé Defense systems and critical infrastructure are particularly at risk from counterfeits, as
these uses often place more stress on components and have more dire ramifications for failure. Inspection,

Blvaras et al AiStrengtheningnThe @InoWalc e ¢ mii mo iEd mdt or
%2 an King and Bloomberg, fAiTexas power failures shut do
supply chaind, (Fortune, February 17 2021).

BBEimi Yamamitsu, ARenesashtshipplantintekrl®®a P Opdagdsaoti O Reatef b
29 2021).

154 For example, see public comments from Hitachi Higith America, Inc. and American Chemistry Council.
pDefense Science Board, ATask Force on Cyber Supply Ch
Acquisition, Technology, and Logistics, April 2017).

¥Guin et al. ACounterfeit Integrated Circuits: A Risin
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sensing, and monitoring also is aiqadar risk because a counterfeit semiconductor may not detect failures
and problems or may induce+eadibration of equipment due to faulty readings. The simplest form of
counterfeiting in this case is thgpaekaging or remarking of a usedhmdaded or not to spec

semiconductor. Semiconductor companies have developed sophisticated product markings and other
counters to this.

The DoD instituted the Trusted Foundry program in 2003 to focus on assuring the integrity of the
semiconductor supply chain for the U.S. Government. To this end, DoD Instruction 5200.44 requires that
oln applicabl e s-wlatedenodets and servicegshail begrbcured fror artiugted

supplier accredited by the Defense Microelectronics Activity (DMEA) when they ardesigteed,
custommanufactured, or tailored for a specific DoD military end use (generally referred to as-application
specific integrated circuits (ASICs))." With no leadigg semiconductor manufacturers in the United

States or other members of the National Technology and IndustrigitBas¥D is currently unable to

ensure its access to secure supplychairis! Sim | y, t he Department of Ener g)
Laboratoryds planned Aurora supercomputer has had
delays in starting 7 nm productign.

Use of Obsolete and Generations Old Semiconductors and Related @éreges to Continued
Profitability of Companies in the Supply Chain

Beyond access to leading edge chips for new systems, the United States has significant ongoing requirements
for mature node and obsolete semiconductors. Many defense systems ingpaviticedavice for many

decades beyond their initial design, and sustainment of these systems requires a continued ability to
manufacture and replace parts that are no longer cutting edge. The chips us@donber3for

example, were obsoletd geven years after it came into service; replacing the obsolete electrical

components ended up costing nearly 40 percent of what it would have cost to replace the entire electrical
system?® With defense and other critical systems often having lifespatezidn decades and

semiconductors doubling in density every two years, U.S. national security can depend on semiconductors
that are generations old.

In addition, for consumer applications, thecensinueddemand for chips that are years removed from
leading edge, creating challenges for continued profitability and production of components. For example,
mature node chips (those chips with largewitiths) that are ubiquitous in autos and other electroni

devices throughout the electronics ecosystgeverely impacted by the current shorfdgese are
relativelyow-costprocessors that carry out tasks within many different typesusfesn@specially
microcontrollers Despitecontinueddemand,herelativecost of buildingnd operatingew fabrication

facilities focused on older technologibigis and is complicated e limitedsupplyof semiconductor
equipment suppliefsr mature node production

Customer Concentration and Geopolitical Fetors: Dependence on China and Potential for
International Conflict

While the United States no longer leads the world in semiconductor manufacturing capabilities, it does play a
dominant role in the crucial EDA, IP, and SME segments. With much of théworl s e mi conduct or

157The National Technology and Industrial Base (NTIB), established hy.3(C. §2500, includes national security
and dualuse activities in the United States, Canada, the U.K., and Australia

%80del |l et al . @ASuppHdgeChlantne grri astke d nCilLrecawdiitnsgd, (Il nsti tut
2021).
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manufacturing carried out in Asia, these companies are highly dependent on manufacturing outside the
United States for production of their chips. They also substantially rely on sales outside the United States for
revenue, which in tufands continued development of leagidge chips to maintain their market lead. As

noted above, U.S. equipment companies are nearly entirely dependebt nsades, with sales to China
accounting for an increasingly large percentage. Losingpabesescustomers in the short run can have
permanent effects, as manufacturers redesign their processes based on their equipment suppliers.

U.S. semiconductor companies, particularly equipment providers and EDA suppliers, thus have the potential
to be gnificantly impacted by trade restrictions between the United States and China, with major portions of
their revenue atriskoflohge r m di srupti on. Based on the Chinese
semiconductor industry, these revenue epuonay be at risk in the long run regardless, but given that their

ability to reinvest in their businesses is immediately dependent on sales to Chinaetineivikmtty is

immediately affected by actions that decrease sales. The current depeh@mmenpanies on sales to

China, in addition to plans by the Government of China to become a world leader in semiconductor
production, represent one of the largest, most concerted risks to the U.S. semiconductor industry. This
shortterm dependencadlongterm vulnerability highlights the importance of a holistic approach to
addressing increasing concentration of semiconduc
actions more fully explored in the o0Competitor Ac

Beg ond Chi n a0 sspesifie plang i mudt becnbtedrthat the bulk of worldwid®thgeart
semiconductor fabrication facilities are in territory subject to geopolitical and geological risk. The fact that
many fabrication facilities are inf@hind Taiwan and are owned by entities in these two economies puts the
world semiconductor community at great risk from geopolitical actions. Even a minor conflict or embargo
could have immediate major disruptions to the United States atedrfoimgplcations for U.S. supply

chain resilience.

Electronics Production Network Effects: Ongoing Erosion of U.S. Microelectronics Ecosystem

The production of electronics in general, and semiconductors in particular, benefitdhech so

omanufact uri nRgegdlowmsatlercsl.ustering of similar compan
agglomeration benefits via shared infrastructure and suppliers, building a large talent pool for their workforce,
and facilitating shared innovati&hln establishing itsedk the primary immediate customer for

semiconductors, China has established a market position that, if unchecked, will allow it increasing power

over the global semiconductor industry.

With many of their largest customers already in China, semicoratuptories have an incentive to

establish a nearby presence, which in turn serves to increase the attractiveness of setting up a-semiconductor
related business there. A 2017 Department of Commerce survey of the U.S. semiconductor industry found
that of thecompanies with suppliers or customers in China, 42 percent also outsourced some design or
manufacturing to China, compared to 18 percent of those with no suppliers or customers in China.

One instructive example is the printed circuit board industrghlghitéd in the 2018 DoD repérssessing
and Strengthening the Manufacturing and Defense Industrial BadeesilicSoigibly Chidél States

The case of printed circuit boards likewise highlights the growing risks to the indusfrie base.
printed circuit board stdector provides the substrate and interconnects for the various integrated
circuits and components that make up an electronic system. Today, 90% of worldwide printed
circuit board production is in Asia, over half of whicaraog in China; and the U.S. printed circuit
board suksector is aging, constricting, and failing to maintain the state of the art for rigid and rigid
flex printed circuit board production capability.

Indeed, one major printed circuit board producertezptmthe Department of Commerice2016 that it
could build a new production bare printed circuit board site in China or the United States for approximately

BIRyan Donahue, Joseph Parilla, and Brad McDear man, fRe
57



the same cost, but that the presence of the upstream and downstream supply chain in Chioeemade it
logical and profitable to establish the new facility in Ghitize same way that it has now become a better
business choice to manufacture circuit boards in China even given the same cost basis, the risk to the U.S.
semiconductor industry willrdmue to rise as China accounts for an increasing sharsemhitenductor
ecosystem

Human Capital Challenges

The United States has an immediate need for highly skilled workers in the semiconductor industry. A 2017
industry survey by Deloitte @8BMI found that 77 percent of surveyed semiconductor executives thought

the industry was facing a critical talent shortage, with another 14 percent expecting a severe ta$nt shortage.
A 2017 Department of Commerce survey similarly found that 71 percefitac i | i ti es i dentif
gualified workerso6 as one of their top three expe
half of respondents listing it as their single most pressing workforce issue.

With such intense competition for gkillabor, the U.S. semiconductor industry is highly dependent on
immigration, with an estimated 40 percent ofskiled workers born abro#él.Intel and Micron both
reported in 2020 that restrictions to immigration were a challenge in hiring angl ted&ainiand
accordingly a risk to their busine&%es.

Universities in the United States are a primary attraction for and source of talent for the semiconductor
industry. International students in 2020 accounted for approximately 60 percent ofténrollmen
semiconducterelated graduate progratAs China increasingly seeks out foreign talent, retaining these
students in the United States serves to both bolster the domestic semiconductor industry and prevents
competitors from acquiring the talent seagy to surpass the United States.

The Semiconductor Research Corporation (SRC) and the industry association SEMI reported in their public
comments on the semiconductor supply chain Executive Order Notice of Inquiry their outreach, education
and trainingprograms specific to the semiconductor supply chain and recomme¥éations.

IP Theft

In addition to seeking to acquire skilled semiconductor workers, there are indications that, as the Information
Technology and | nnovat i omofignseraconductar teehnologye s, o0t he
through I P theft has b el Multipleimgse germidohdactor confipaneh i ne s e
have been accused of and charged with stealing trade secrets, includiowbgdstaagan Jinhua

Integrated C¢uit, Coté8 lllicit pursuit of IP is not limited to China: from 2012 to 2016, an average of just

over 100 lawsuits per year involving semiconductor patents were brought before U.S. District Courts, with a
similar number of semiconduetefated petitionsrought before the Patent Trial and Appeal Board in 2016

via theinter partesview procedure (launched in 28@2yhe semiconductor industry relies on protection of

and reasonable access to IP. Semiconductor design and the associated EDA totl grappsisations

Wil l Hunt and Remco Zwetsloot, fAiThe Ch+iEmmakers: U.S.
SemiconductorW r kf or ce o
Wi ll Hunt and Remco Zwetsloot, @AThe ChiEmdmakers: U. S.

Semi conductor Workforcebo

¥ ntel Corporkd, ony. Si.FoSemwr uroi ti es and Exchange Commi ssi

Technol ogyloKn¢, (WF&r mSecurities and Exchange Commi ssi o
fi

Wi ll Hunt and Remco Zwetsloot, The ChiEmmakers: U. S.
Semi conductor Workforcebo

WWSEMI, fPublic Comment 52. SEMI . Kim Ekmar k. 04/ 05/ 210
’Stepherez el | , fAiMooreod6s Law Under Attack: The | mpact of Ch

I nnovationo

BiPRC -Owaeédé Company, Taiwan Company, and Three I ndivid

(U.S. Department of Justice, November 1 2018).

¥ Trenidn Semiconductor Industry Patent Prosecution and
5¢&



of I'P, and the United Statesd ability to continue
IP.

Related areas of concern are forced technology transfer and IP leakage that results from outsourcing of
semiconductorrpduction processes. Within Chinese government plans to promote their semiconductor
industry are policies that encourage or require the transfer of IP tbaShkihdusinesses, including through
joint-venture requirements with Chinese businesses. édaaetigity by U.S. semiconductor busingsses

well as the Taiwaand South Korehased companies U.S. semiconductor design companies depend on for
productiori in China may result in an acceleration of transfer of IP frofindde®l. companies to China

ba®d companies.

Aggressive pursuit and defense of IP is reflective of the overall level of competitiveness in the semiconductor
industry and importance of maintaining competitive edges. The semiconductor industry is second only to
biopharmaceuticalsaste r | d 6 s -intensive indRErY the ability to reap the benefits of R&D

spending to enables continued future innovEfidme same dynamic exists with capital expenditures, as

the costs of building cutt i rcandleaw lgokls thagthe sostiofs r api d |
constructing a semiconductor fabrication facility doubles every four years. For companies aiming to produce
at the cutting edge, failure to capitalize on current technology can result in an inability to invest in future
technology.

Challenges in Capturing the Benefits of Innovation, Aligning Private and Public Interests

Under optimal conditions, private compdhiearticularly ones that do not receive massivesatatieligh

optimizing their individual business conditioridesifl to efficient markets and sustainable growth.

However, the massive R&D and capital expenditures required to manufacture semiconductors and the speed
at which the leading edge advances mean that private incentives and the public interesta@amesasily b
misaligned. Muibillion dollar investments take a minimum of several years to show any return, and rising
investment needs decrease the appetite for investment by the private sector, particularly in the face of
uncertain demand.

Even with the robst private spending on R&D in semiconductor industry, expenditures are targeted at the
0D6 side: applied research and product devel opmen
scaling’t Many individual firms do not have the-t@krance necessary to undertake thetidong high

rateof-failure basic research projects that will be necessary to advance radically new chip designs and
manufacturing processes to support emerging commetingds’2 Even in the event of a successful

outcome, it iglifficult for a single firm to capture all of the economic benefits associated with a breakthrough

in fundamental science, making them even less interesté® to try.

In light of the benefits of dtering and network effects discussed above, an individual decision to cease
investing or begin offshoring can have negative effects on the rest of the industry. The decision of

Gl obal Foundries in 2018, f or i n otthasedomtechnical isseess e wo
that the company faced, but on a careful consideration of the business opportunities the company had with
its 7 LP platfor m d7Thendedisibn tastop Workmra7mm preduction maybave ns . 6
been the mostrpfitable business decision for GlobalFoundries, but left the United States without any

cutting edge foundries for the near term.

St ephen Ezell, fAMooreb6s Law Under Attack: The | mpact
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This lack of domestic capacity may soon be mitigated by proposed investments in the United States for new
fabrication facilies in the United States (discussed below). In the same way that the decision of
GlobalFoundries to cease work on 7 nm production limited the options of domestic design companies,
unilateral investments by Intel, TSMC, or Samsung in a domestic fouhave garsitive ripple effects

throughout the semiconductor supply chain.

The broader external impacts of such individual decisions are amplified in the semiconductor manufacturing
industry, which is highly consolidated and features significant government intervention, particularly in China.
While U.S. companies must typiaaltypback on hiring, capital expenditures, and R&D when faced with
uncertain future demand, companies in China, both with and without direct government ownership, are able
to continue to invest based on the knowledge that the Government of China wifichgigrbillions of

dollars to the industry.

GLOBAL FOOTPRINT
CHINA

China is implementing a comprehensive strategy to build an indigenous semiconductor sector. The billions

of dollars in statdirected subsidies and other financial support givemtstio entities comprise the key
pillar of Chinads overall i ndustrial policy appro
control or ownership its entire semiconductor supply chain.

Chinads novedprimadlpisthddyr mtofat@eagwer n me ndtaggespivelyt y 01 n v ¢
exploits gray areas in international trade rules in World Trade Organization (WTO) #isciplines.

Government and industry stakeholders across the global semiconductor supply chain are deefddy concerned
Chinadslimaoketi ng behavior. The following is a ca
subsidies program, where China is spending its money, and the current and potential impacts of the subsidies.

The government of China declared itsrdao build a globally superior,-safficient domestic

semiconductor industry with its June 2014 publication@tbelines Chi nads i ndustri al p
semiconductor sector is funded at a magnitude significantly larger than in prevideselegiment
campaigns. 0China routinely cranks out "economic

meaning that what matters with this policy is not the plan itself, but the amount of money being doled out.

In conjunction with releasetbk GuidelingShina established the National Integrated Circuit (IC) Fund,
incorporated as a majority governamawmted investment company. Launched in 2014, the first phase of the
Nati onal I C Fund had as its mandtheShinaDeecloprieder s Chi
Bank, which held almost 60 percent of the shares combined, while central and local level government state
owned enterprises (SOEs) held the vast majority o
Enterprise and Creditformation Publicity Systethe registered capital for the first phase of the

National IC Fund was $21 billion. Announced in October 2019, the second phase of the National IC Fund
included $29 billion and will likely increase.

Chinads ovmoterei sagesigved to funnel massive sta
semiconductor industry. By characterizing the National IC Fund as a privatdrinearkevestment fund

SWTO Subsidies and Countervailing Measures (SCM) Agreement requires all members to notify all government
subsidies to the SCM Committee which are then subject to extensive review to deteteriradia, whether said
subsidy is prohibitive and caused injur fiAgr eement on Subsidies and Counteryv

Agreemento) o, (World Trade Organization, n.d.).
"SAEnsur i-hgr mowgS. Leadership in Semiconductorso, (Presi
Technology, January 2017).

7 James Andree e wi s, AChinadés Pursuit of Semiconductor I ndepe
Studies, February 27 2019).
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Market Supervision and Administratipn.d.).
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free from government intervention, China is avoiding the transpareireyneats of the WTO subsidy

regime and is likely seeking to avoid future WTO dispute settlement. With clear guidance and support from
Chinads central government, this oOventure capital
municipalities The Chinese government has consistently maintained that the investment fund is run on a
commercial basis without government interference. However, the reality is that these fund managers, in all

likelihood, serve as proxies to carry out the goveronient Chi nads policy to strengt
i nnovation, replace imports an-divilsusionpbjectivée®2Chi nads i
Now that China is eight years into its pdan, it
capital 6 model to facilitate a massive subsidy ca
avoid any WTO oversight. I ndeed, the OECD recent
proliferation of government funds inwegtin semiconductor firms, which may allow governments to
continue /[/supporting their domestic industry whil
to Chinatgo

Central government funding also signals where municipal and provéhaifidels should invest, thus

amplifying the effect of centtalel subsidiést The value of subsidies provided by-oentral government
entities to Chinads semiconductor i-pOdouimdfrangdz has be
Combined, Chinese government support to its domestic industry during this time frame could be as high as
$200 billion, though lack of transparency makes determining the true scale of Chinese government financial
support difficult.

In addition to subsidies, i@hse policies have lowered income tax rates for semiconductor companies that

use specific technology nodes and there are specific concessionsaddeditax. Several potential

domestic champions, including Tsinghua Unigroup (Beijing) and SMICqiHaaghreceived loans at

belowb enchmar k rates from Chinads policy banks (e. g.
ownedbank¥3Semi conductor sector deyv efundgd mdustrial polisies,one of
highlighting the seriisness with which China is challenging established global players.

Semiconductor Subsidy Support Vectors
Chinads support for its domestic semiconductor in

In the early stages of implementation, China focusssraconductor industry mergers and acquisitions. In
2015, China began by funding the consolidation of myriad of domestic companies into larger ones, giving

potential onational championsdé the scal eempleo compe
was the acquisition of RDA Microelectronics (China) and Spreadtrum (China) by Tsinghua Unigroup. These
acquisitions put Tsinghua Unigroup in |l ead positi

In the Guidelingshina acknowledged thataiuld not develop its semiconductor industry without foreign
assistance and technological expertise and therefore emphasized the importance of international engagement.

For example, th@uidelingsr ovi ded t he objecti ve toddedefopnrenther i mpr
environment, vigorously attract foreign capital, technology and talent; encourage international IC companies
to establish R&D, manufacturing and operations 1in

government went on a bogispree for foreign semiconductor companies. Globally China went from zero
semiconductor company acquisitions prior to 2014 to over 25 potential and completed deals in 2015. This

Di eter Ernst, AChina's BZbSumBtGameg®r FCat Sleynstc oRaduc € o
(EastWest Center, September 2016).

BWOECD, fAMeasuring distortions in international markets
BIOECD, AM@asumirmgons in international markets: The sem

182 According to SIA estimates of publicly available information. Poor transparency makes the true scale of

financial support challenging to predict

BOECD, fAMeasuringrmdatitomdli omar ket sntThe semiconductor
61



does not include the more than a dozen unrecorded and informal apphaatbas place during this
period:s4

Talent recruitment is another focus in Chinads se
China aims to recruit top science and engineering experts from abroad to support Made in‘€&hina 2025.

This has been evident in the semiconductor sector as China has poached semiconductor engineers from
across the world, with a particular focus on South Korea and Taiwan. China is targeting two groups of
engineers: senior industry veterans in their d@danvho have-tkepth knowledge of current

manufacturing processes and very young talent just out of university. For example, in South Korea there are
reports of successful wuse of odinbddstlyiBedansramferedlivet i ng t
times their salary for three years of work if they accept employment 166 CHiivea has also reportedly

lured away 3,000 Taiwanese chip engineers over the past several years by offering two to three times their
current salag? Payingabeymar ket rates for industry talent is a
behavior supported by state subsidies.

A large proportion of Chinese subsidies in the semiconductor sector are going towards construction of
Chinese fabs. Modern fabs are expetsibuild and equip ($$20 billion) and extremely complex to

operate. Consequently, since 2014, the Chinese government has played a centfadaotgrig ao

domestic semiconductor fab building boom through complex ownership structures thabaaalad

centr al government funds as well as certain SOEs.
industrial policy to achieve its goal ofrediince in the semiconductor sector. In 2018, China alone

accounted for more than haffworldwide construction spending on fabs, reaching $6.2:#lliw2019,

total announced Chinese investments in fabs exceeded $215 billion. Industry estimates that government
financed fabs in China could number 70 or more by 2023 compared withtnaudbkzen nows?® The

Chinese government is also ensuring that the pace
uni mpeded. Signaling the Governmentods resolve, t
capital to projects dugrthe COVID19 outbreak in China, including the YMTCGNBEND flash memory

fab in Wuhango

There is an expanding global demand for memory chips and China hopes to use lessons from developing this
technology as a stepping stone to produce more sophistiodtedsy as Japan and South Korea did in the

1980s and 1998%.China understands that emerging applications and technologies will require unparalleled
memory capabilities. Its strong push into memory is a strategic move to achieve its ultimabeigoal of cy

sovereignty and establishingfinsi ver advantage in O0Onew generation i
Chinads memory projects are the most mature of al
subsidiary of Tsinghua Unigroup, is emergingasftta 6 s nati onal champi on memor
t hough YMNAND&emoB Rechnology is untested and significantly less advanced than global

| eader s, it still represents a watershed moment i
®¥Thilo Hanemann and Daniel H. Rosen, fiChinese | nvest me
Agendao, (Rhodium Group, December 9 2016) .

BWKathrin Hille, AUS f e&res satttoe gptash Ky pChiad eesng oc hi(gmar an
2018).

B|] ouin et al. A2016 Top Markets Report Semiconductors

Commerce, International Trade Administration, July 2016).
B’Keoni EveringtonQO0GChhinmg e@maicheesr S, but Taiwan winnin
December 3 2019).

Jjames Andrew Lewis, AChinabés Pursuit of Semiconductor
BOECD, fiMeasuring distortions in international markets
Ahmade al . fASemicon China 20170, (Credit Suisee, March
¥ljames Andrew Lewi s, AChinabés Pursuit of Semiconductor



was only founded in July 20MMTC has received an estimated $24 billion in subsidies from Chinese
government sources, which was essential to the firm's rapid devélpment.

China National IC Fund Phase Il

Undeterred by foreimemtcdmpetmpt ar subtaanpelfects dfvtse rhre  ma r
subsidigg3as well as U.S. export restrictions of advanced semiconductor technology and machinery that may
assist Chinese companies, China is accelerating its industrial policy. As bBlmstrafdtdra is signaling its
commitment to the development of its semiconductor industry and confidence that these policy tools are
working despitat least six multillion dollar semiconductor projects in China utilizing state funds failing

over the pagwo years®on-goi ng overinvest ment 1$andtiHactthatéven d o me st
state champion Tsinghua Unigroup is struggling to meet its debt obl§afionsunced in late 2019, the

second phase of the National IC Fund is largely the same as the original, but looks to support the
indigenization of a broader swathe of the semiconductor supply chain, including SME as discussed above.
The second phase aisoludes sharp increases in the amount of funds from local governments, especially

from the southwest provinces. Genuine prs@teor investment is almost rexistents?

Ding Wenwu, President of the National IC Fund (fobirector of Electronic Infomation Division in the
Chinads Ministry of | nd,amobunced ttatwhilelthe first phasa was foaused e ¢ h

oal most exclusively on manufacturing projects, ph
design indusyt IC equipment and materials, and will also focaghsidizing the adoption of domestic ICs by
Chinese electronics coitpahies hi ghl i ght ed Chinads design weakness

GPUs, FPGAs, and microelectromechanical systdiidIM Through mastery of these types of chips,
China aims to dominate emerging industries, including autonomous vehicles, smart grid, 10T, 5G and Al,
which could address its strategic technology gap with the United States.

SOUTH KOREA

South Korea playsnaajor role in the global semiconductor supply chain. In 2019, Southasata

companies accounted for nearly 20 percent of global sales, second only to the United States. This market
share is predominantly represented by Samsung and SK hynixadt alsmall but consistent role in the
manufacture of semiconductor manufacturing equipment.

Given the predominance of Samsung and SK hynix in the global supply chain, most South Korean
Government support, while limited, is provided to those two fiiram 20142018, the South Korean
Government provided a total of $8 billion to Samsung and less than $1 billion to SK hynix, representing less
than one percent of revenue for both companies maostly through R&D support and tax coptasssns.
recently, th South Korean Government announced two programs aimed at improving the semiconductor
workforce and artificial intelligence (Al) chips.

¥92Cheng TingFa n g, AfiChina's top maker of memory chips plans t
2021).

193 According to Taiwan News, there were approximately 45,300 companies in China supposedly dedicated to chip
production or design as of July 20, 2020. Sophia Yang,
(Taiwan News, October 5 2020).

Emi |y Feng, fAA Cautionary Tale For China's Ambitious C
Nuying Huang and Willis Ke, AChin@emeviang otmo semeé ce®mtd u
(DigiTimes, December 28 2020).

¥ JjoshHowi z, A Anal ysi-se CHhiimadar lwionmdg dTsi nghua Unigroup bed
(Reuters, January 19 2021).

¥Xinzhixun Rurouni S®®IsA @ # ", (Weixin, October 25 2019).
198 A 0, (EEFocu2018). March 19
OECD, fiMeasuring distortions in international markets
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Samsung produces a wide array of semiconductor products and its competitive advantage lies in logic,
memory, and imagersors. In 2020, Samsung was rated the second leading semiconductor company by
sales, just behind Intel, driven primarily by memory and leading ed®eSagisung is one of only two
companies that are producing volume in the leading edge 7 nm and 5 nm chips. The firm is using its
manufacturing and technology edge to push its manufacturing capacity, thus further cementing is growing
leadership over othdvals. In 2020, Samsung was ranked number one in total global 300 mm capacity at 21
perceng®l Samsung continues to make significant investments to increase its production capacity and is
forecasted to spend an additional $30 billion irP2021.

SouthKor eads domi nant mar ket share is also driven by
In 2019, Samsung was the global market share leader in DRAM (46 percent) and NAND flash {85 percent).

SK hynix is also a dominant player in the memory maitk&9 percent of the DRAM and 10 percent of

the NAND Flash market during the same timeframe. In 2019, strong memory sales and rising prices helped
Samsung and SK hynix take the number two and four spots, respectively, for top global semiconductor firms
by revenue#

The Government of Korea provides several types of incentives to support its domestic semiconductor
manufacturing base. Not only does the Korean Government provide subsidies to lower the cost of
infrastructure development and utilitiesjttalso supports semiconductor companies by identifying and
providing favorable locations for new fabs. In addition, the government has enacted simplified or expedited
procedures and has eased regulations to lower administrative burdens on the Sosgmicanedu ctor

industry. According to one source, incentives and subsidies provided by the Government of Korea
effectively lower the total cost of ownership of a semiconductor fab by approxir3atelyr2entos

EUROPEAN UNION (EU)

In December 2020, U me mber st ates signed a joint decl arat
processor and semiconductor ecosystem and to expa
decl aration states its ai ms hasanddc rienavteisntgmesnytn erngitei
building and expanding upon existing microelectronics projects. The Declaration notes a requirement of
investments from the EU budget, national budgets, and the private sector. Microelectronics was identified as
a key ara for investment under the EU Recovery and Resilience Facility. In its March 2021 release of a new
oDigital Compass, 6 the EU Commi ssion has called f
producti on b yedge and sustainalfie semdcont t o mgoé by 2030. The ani
new Digital Compass promised investments from the EU budget to support its goals, including support from
the Recovery and Resilience Facility. The EU Commission has set aside $173 billion to support member
state di gi t al i nf r as02Ubudget.r Adso qf mote js eéhe indsatademic consertia2 0 2 1
IMEC 208with two statef-the art cleanrooms and one 200 mm, advanced packaging equipment and 4,000
employees. Industry supplies 80 percent afiticénfy, and 20 percent by the local government. There are

also regional efforts such as Silicon Sa%ony.

Wil ntel to Keep Its Number One Semiconductor Supplier

201 TSMC Ra nHGForiCapacltyirpThree Wafer 8iz Cat egori esd, (1 C I nsights, F
22Kotaro Hosokawa, fASamsung to pour $30bn into booming

23Cheng TingFang and Lauly Li, AChina memory chip olad put zoo
November 20 2019).

204KimEunJ i n, @ Sams

ung El ectronics Tops Gl obal NAND FIl ash
Kor ea, March 5 2021); Yonhap, ASamsung's presence in DI

Herald, May 12 2021).

®Note: different sources report varying levels of supp
I ncentives and US Competitiveness in Semiconductor Man:
2% About | meco, (I MEC, n.d.).

27Silicon Saxony, i Abconguropesnd)i con Saxonyo, (Si
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JAPAN

In response tothe COVHD 9 gl obal pandemic, under a program ap|]
Ministry of Economy, Trade, and Industitgcated $2.8 billion to support Japanese companies moving
manufacturing capacities with an overreliance on one country (e.g., China) back to Japan or to Southeast
Asian countrie®8 Subsidies initially targeted the costs of shifting production forlmpemstic&ts in short

supply, and subsequent rounds target critical technology and gre®#h paddition, recent press reports

indicate that additional support for semiconductor manufacturers will be included in an economic growth
strategy developed twe Government of Japéi.

TAIWAN

In Taiwan, current incentives for semiconductor companies included 50 percent for land costs, 45 percent for
construction and facilities and 25 percent for semiconductor manufacturing egdifciente parks

sponsored bthe Taiwan authorities provide semiconductor companies with access to land, electricity, and
water and lower operating costs by enabling several members of the semiconductor supply chain to operate
within the same facility. In total, according to oneesgaihese incentives and subsidies effectively lower the

total cost of ownership of a semiconductor fab by approximagflyp2scerti2 Other amenities at

industrial parks include land for lease only, transportation infrastructure, no commernieé®tdxes for

machines used for production, raw materials, fuel, efirsish®ed products, grants for industcademic

cooperation programs, reduction in R&D taxes, andstamehop for services including talent cultivation,

R&D grants application drtustoms servicés.

In additionjn June 2020, Taiwan announced a $1.3 billion annual fund to attract foreign companies to
establish semiconductor R&D projects in Taiwan, subsidizing up to half of all R&D costs incurred by global
chip companies thatitdia presence on the islaHdt also announced that the government would invest

$335 million to incentivize foreign companies to establish semiconductor R&D facilities in Taiwan. The
program aims to subsidize half of all R&D costs incurred by gipbadmipanies that build on the isl&ad.

In addition, Taiwan authorities announced soalk programs focused on Al applicatiéns.

To combat Chinabdés efforts on attracting semicondu
Chinese firm from conducting business activitiexluding recruitmeitwithout prior approval from the

Taiwanese authoriti®ds.In March 2021, Taiwanese prosecutors relied on this law to investigate accusations
that Beijingbased Bitmain had established front corapamiTaiwan to poach semiconductor desigfers.

SINGAPORE

In Singapore, the total cost of ownership of an advanced memory fab is approximately 21 percent lower than
it would be in the United States, with 63 percent of this gap attributed to government incentives provided to

2Yuko Takeo, Emi Urabe, fAJapan Allocates $2.4 Billion
2020).

®fSuccessful Applicants Selected for the Program for P
Chai ns o, nfofdapare Mimsimeof Economy, Trade, and Industry, November 20 2020).

2PRi eko Mi ki, Takashi Tsuji, and Kosuke Takeuchi, fJapa
and Chinao, (Nikkei I nc, May 19, 2021).

2lVvaras et al. TfGeseanthebB Compatitiveness in Semicondu
224aras et al. fWGovernment I ncentives and US Competitiyv
2BARAWhy Hsinchu Science Parko, (Hsinchu SciencerPark Bur
30, 2020).

2“Debby Wu and Cindy Wang, #f@ATaiwan Draws Up Plan to Woo
(Bloomberg, July 4 2020).

’Debby Wu, #ATaiwan Dangles $335 Million to Woo Foreign
26Tai wan Today| sAimMD8m @ioveiAl research centerso, (Minist
(Taiwan), July 7 2017).

27Debby Wu, fTaiwan Probe Spurs Fears of China Poaching
28Kat hrin Hille, fATai wag atsusep Bhi maengohepoaohi (Fina
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semiconductor companies. These in@mninclude significant subsidies that lower land procurement and
development costs. In addition, the government supports special economic zones and science parks,
enabling other members of the semiconductor supply chain to operate within the saasetfecthii that

they support. In total, according to one source, these incentives and subsidies effectively lower the total cost
of ownership of a semiconductor fab by approximat&@ gércerito

ISRAEL

While Israel currently lacks significant semliczior manufacturing capacity, the Government of Israel
provides strong incentives and subsidies to encourage the development of its sermicandiacturing

base. These incentives include subsidies on land development, facility constructiomemtd equip
procurement. In total, according to one source, government incentives effectively lower the total cost of
ownership of a semiconductor fab by approximately 30 pg&tcent.

OPPORTUNITIES & CHALLENGES
Opportunity: Foster Investment in Domestic Semicondudr Manufacturing

As noted earlier, the U.S. share of semiconductor production and manufacturing capacity has fallen from 37
percent 20 years ago and stands at about 12 percent (by total capacity wafers per month) of global
production. U.S. companies)uding major fabless semiconductor companies, depend on foreign sources

for semiconductors, especially in Asia, creating an obvious supply chain risk. Also, of concern is the fact that
the U.S. semiconductor industry does not currently build high vattingeerlge integrated circuits in the

United States but relies on Taiwan to manufacture these headirsgmiconductors. These cuttidge

chips are the foundation of paradgmfting technologies, such as Al and 5G, which have been identified by
DoD as national security priorities. The United States also relies on foreign sources for materials.

To address these concerns, the U.S. Government has an opportunity to promote investment in domestic
semiconductor manufacturing facilities as well asaoaminfg of key inputs for semiconductors. There is
promising evidence that this is already happening: TSMC, Samsung, Intel, and GlobalFoundries have all
announced proposals for investments in semiconductor manufacturing operations in the United States.

1 TSMC announced plans last year to build an advanced chip foundry in the Phoenix, Arizona area, a $12
billion investment with completion scheduled in 202Z¢he plant will produce 5 nm chips with a
capacity of 20,000 wafers per month and will employ 6?2

I Samsung is considering a $17 billion investment to expand its production capacity in the United States,
which would create 3,000 additionakdbad is expected to commence operations irt2023.
Technical details on the plant expansion areagrmte report indicates that the facility would be
capable of producing at the 3 nm node. The company is seekjyaegap2Operty tax reimbursement to
locate in Austin, Texas and has stated it is also considering locations in the United Statasd(Arizona
New York) and in South Korea.

2%Kathrin Hille, ATaiwan accuses Bitmain of poaching it
20aras et al. fAGovernment Incentives and US Competitiwv
215 Chi p ma k e r ngBxpanision ef planned Arizonaplistour ces o, (Reuters, May 4 2
22?2FTSMC Announces Intention to Build and Operate an Adv

(TSMC, May 15 2020).
222Tribune News Service, 0Sakms utnog bsweielkds mbelw bd 17 iboinl liinon ac
(The Dallas Morning News, February 5 2021).
2’Sohee Kim and | an King, ASamsung Considers $10 Billio
January 22 2021).
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1 Intel announced in March 2021 that it will invest $20 billion to expand its manufacturing capacity
through construction of two new fabs at its Chandler, Arizona campus. The fabs will not only serve
I n t requi@rments but will also provide foundry capacity for fabless customers. The investment is
expected to create 3,000 permanent, high wage jobs.

1 GlobalFoundries is seeking federal and state support in the form of subsidies or incentives to build a fab
adjacent to its existing fab (Fab 8) in Malta, New York. Fab 8 recently implemented export control
security measures to allow for the manufacturi nc
in Arms Regulations or the Export AdministratioruRRégns:26

Not only would increasing domestic semiconductor production capacity help address supply chain
vulnerabilities in all segments of the semiconductor supply chain, it could also be the source of high quality,
high paying jobs. SIA has estim#tatieach direct job in the semiconductor industry generates four to five
indirect jobs. In addition, expanding production in the United States would help ensure that to maintain a
domestic core of trained workforce. Absence of production at the etddggtngan lead to a lack of

experience among American engineers working at the cutting edge, risking the U.S. lead in design expertise.

A semiconductor production facility could also support jobs in upstream and downstreansselctass

electronic matials and packaging and testing. Electronic materials manufacturers already have production
facilities in the United States; increased semiconductor production will encourage additional capacity and jobs
in these and other critical steps in the supplg.cBeveral responses to the NOI were from current suppliers

to semiconductor fabrication facilities outside the United States, and indicated that they would be interested
in establishing U.S. locations to support new domestic fabrication #&cilities.

In addition, as noted above, the United States also lacks back end chip processing TBparitis

phase of the semiconductor production process is less technologically demanding than fabricating the chip,
and the barriers to entering this sector are.ldivis nonetheless a vital step in the chip manufacturing

process and an area in which China has both capability and market share and thus ability to willfully or
accidently interrupt supply chains. Government policies to incentivize advancedgimp packtesting

in the United States could also enhance supply chain resilience. These incentives could be targeted at
marginalized or economically depressed communities, which are not reaping the benefits of newly announced
planned investments in clpiduction. Most production is in the Austin, Texas and Phoenix, Arizona

areaB already technologically prosperous regions.

The Small Business Administration (SBA); several Department of Commerce bureaus, including the
Economic Development Administratidfinority Business Development Agency, and NIST Manufacturing
Extension Partnership program; and the Expgobrt Bank of the United States (EXIM) all have
programs, expertise, and resources that could be utilized to achieve the goal of expanding domestic
production of semiconductors.

Challengie

The biggest challenge to increasing domestic semiconductor production is cost, both absolute and relative to
ot her countries as discussed in the OFabricationo
ActionsoO6 sections. A | arge volume 300 mm fab any

billions for a leading edge fab. The most critical factors for determining the best location to manufacture
semiconductors include synergies antexisting semiconductor ecosystem/footprint, access to skilled
talent, protection for intellectual property, labor costs, and government incentives. While the United States

2l ntel Annouhoegs$menBi Forodwo New Arizona Fabso, (1In
226 Gl obal Foundries to | mplement | TAR and Strict Securi:t
Manufacturing Facilityo, (Global Foundries, May 20 2020
227Bureau of Industrymd Security, ©f86 FR 14308 Semiconductor Manaf
Chain NOI published-35-21_commentsdue82 1060, ( Regul ations.gov, March 15 20
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fares well on the first three factors, the costs of labor are higher ahdvibdreen significantly fewer

government incentives. As a result, thged®cost of a new fab in the United States may be 30fp&&ent

billion on averagehigher than building the same fab in Taiwan, South Korea or Singapore, and up to 50
percent highrehan in China. Much of the cost differential (estimaté@ gércent) is specifically due to
government incentives.

Given the fact that global demand for semiconductors is forecast to grow, resulting in a need for an increase
in semiconductor manufardng capacity of more than 50 percent between 2020 and 2030, there is an
opportunity for the U.S. to regain a higher share of fab capacity.

Opportunity: Maintain and Advance U.S. Leadership in Semiconductor Technologies through R&D

The United States $ited the world in semiconductor innovation, driving transformative advances in nearly
every modern technology from computers to mobile phones to the Internet itself. While the U.S.
semiconductor design ecosystem is robust and world leading, thiscfebmeupply chain faces a number

of challenges as discussed above. Specifically, the U.S. design ecosystem is robust and world leading, but
depends on limited sources of IP, labor, and manufacturing that are essential to bring products to market as
wellas continued ability to make significant R&D investments. This section focusesrelate&D

opportunities.

The U.S. Government can and must play a vital role in sustaining U.S. leadership in semiconductor
technology through supporting R&D and aslklegeas in which there are shortcomings. Federal
investments in semiconduetetated research has the potential to add significantly to U.S. gross domestic
product and create thousands of ujghlity jobs.

Federal scientific and research agencieslimcDARPA, the National Labs and NIST, can take the lead on
building publigrivate partnerships and consortia to advance semiconductor innovations across the spectrum
of scientific fields materials, designs, architecture, and manufacturing techiiadgpt.failures in private

funding for basic science research have meant that disruptive technology breakthroughs are more commonly
associated with government research programs and federally funded acadei®fidrsadtiémon,

according to industryublic/private partnerships connect industry, academia and government and keep
industry members updated with novel ideas and discoveries, and new materials, from around the world.
However, they are not as successful in translating these technologiedustiia¢production phase.

The importance of maintaining U.S. semiconductor leadership and the potential for U.S. government labs to
leverage their technological expertise in this regard has been increasingly recognized in bipartisan legislation,
suchas the CHIPS Act. A broad, wadbrdinated, wellinded federal initiative can build upon this growing
consensus.

The United States could further explore semiconehetated R&D opportunities with key partners, such as
Taiwan, Europe, Japan, and S#latea, with which the United States has existing Science and Technology
agreements. Pooling resources of multiple nations could help boost R&D investments and diversify the risk
of investments across multiple countries. An example of a successhtiomaltiR&D effort was EUV

technology and equipment, which involved U.S., Japanese, and European participation over the course of
three decades.

Challenges

Funding is a major challenge to developing next generation semiconductor tecl8sstogasiuctor

design and production are already highly sophisticated and take place at the subatomic level. Technology
advancements are pushing against the barriers of physics, and breakthroughs to move beyond current limits
will involve massive costsor fhis reason, it is vital that there be a broad partnership of government,

industry and academia to work together to adhiese goals, as it is increasingly difficult for companies to

28/aras et al. fWGovernment I ncentives andgblS Competitiyv
2°Matt Hourihan and David Parkes, fAFederal R&D Budget T
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do so alone. U.S. investments in semiconehetabed researchlwieed to be increased significantly over
current levels. Research is critical to advancing semiconductor design, and federal investment in
semiconductor research accounts for only a small fraction of total R&D. In contrast, other goéernments
including Chinad are increasing their research investments.

Another challenge will be to ensure coordination among the various federal players (and private sector
participants) to minimize duplication of effort and maximize potential return on investments.

Opportunity: Create Pathways to Support Domestic Semiconductor Jobs along the Supply Chain

The semiconductor industry provides employment opportunities at all levels, from scientists and engineers to
manufacturing workers. Expansion of domestic semitongraduction and maintaining its technological

edge will require a robust domestic workforce. There are opportunities, in both direct and indirect jobs, for
workers with an Associateds degree ordtrdineg s . Some
through apprenticeships, and career and technical education programs.

The | ionds share of direct jobs, particularly in
degrees and pay upwards of $170,000 ariefually.

Relative Percent of Education Levels of Largest Detailed STEM Occupations in
Semiconductor and Other Electronic Component Manufacturing (NAICS 3344)

0 10 20 30 40 50 60 70 80 90 100

Electronics Engineers, Except Comput e [ |
Industrial Engineering Technician SE [ |
Electrical and Electronics Engineering Techniciansmms
Industrial Engineers i

Mechanical Engineersimm

Computer Hardware Engineersmm

Electrical Engineers s

Software Developers, Applicationgs S m
Software Developers, Systems Softwalie S m
Architectural and Engineering Manageiss |

m Less than high school diploma m High school diploma or equivalent ® Some college, no degree
Associate's degree m Bachelor's degree m Master's degree
m Doctoral or professional degree

Source: 201&nd 2016 American Community Survey Public Use Microdata, U.S. Department of
Commerce!

Manufacturing jobs include electrical technicians, assemblers, testers, mechanidinesdgearuisors.
These jobs may be waliited to registereapprenticespiand community college programs. Semiconductor
companies, working with community colleges, can develop protiluetsmecific training programs that

will benefit industry, local communities, and individuals. A share of the training programs, émploymen
opportunities, and semiconductor production jobs should be available to traditionally underrepresented
populations and in economically depressed or deindustrialized regions of the country.

To better prepare students for postsecondary programs, comgraiss collaborate with career and
technical education (CTE) programs at the state and local levels to develop technical preparation programs.

2 Chi pping in to support stronger U.S. job growth. o, (
2312015 and 2016 American Community Survey Public Use Microdata,Dé@artment of Commerce, U.S. Census
Bureau, Table 1.11 Educational attainment for workers 25 years and older by detailed STEM occupation, 2015
2016, Data collected fdargest populated STEM occupations in NAICS 3344.
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Most CTE programs are available to all high school students in a school or district and develop the academic,
technical, and employability skills to prepare students to succeed in the workforce and postsecondary
education.

Construction of new fabs creates jobs for skilled construction labor. If the CHIPS Act were fully funded, fab
expansion, upgrades and corsisn is expected to create more than 22,000 jobs. Further, the investment is
projected to create tens of thousands of indirectjobs.

Overall, industry analysis suggests 1 in 5 jobs in the industry do not require a coltégjdaveevee. as
fab toolsand processing become increasingly advanced, manufacturing jobs increasingly require lengthy

education and training investments. Leading edge
degree or higher. Proprietary data suggest 75 to 9@ petiverworkforce in leading edge fabs holds a
Bachel ords degree or higher, with 50 to 60 percen

The U.S. holds advantages in the-gkgled workforce. Universities are already strong in technical fields,
includng microelectronics, and the U.S. National Labs are world class. Many of these institutions rely on
foreigrborn students and workers.

Challenges

The United States has an immediate need for highly skilled workers in the semiconductor industry and
increase investments in leading edge production will increase this need. There is a particular shortage of
electrical engineers, one of the largest categories of semiconductor workers. A 2017 industry survey by
Deloitte and SEMI found around 60 percent of medgats identified difficulty filling open Electrical
Engineering positions. Other positions identified as difficult to fill included Computer Scientists, Software
Engineering, Mechanical Engineering, Computer System Engineering, Materials Sciene¢s&‘Chemic

The U.S. has relied on forelgprn workers to fill many of these gaps. More broadly, 40 percent of high
skilled workers in the U.S. semiconductor industry are bornabidady students pursuing these degrees
within U.S. institutions are forelgprn, especially in advanced degrees. International students in 2020
accounted for approximately 60 percent of enroliment in semicomdlattm graduate prograaiss.

2Note: U.S. Department of Commerce analysis incorporat
empl oyment multipliers for the U.S. economyo, (Economi
BAChi pping in to support standucta ledustrAndrica.j ob growt h. 0 20
234Mark Lapedus, "Engineering Talent Shortage Now Top Risk Factor", (Semiconductor Engineering, February 25

2019).
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Bachelor's degrees Master's degrees Doctoral degrees

Total Percent Total Percent Total Percent
Discipline recipients foreign recipients foreign recipients foreign
Computer
and
Information
Sciences/Pro
gramming/
Computer
Systems
Analysis 56,090 8% 33.437 73% 1,752 59%

Electrical,
Electronics,
and
Communicati
ons
Engineering/
Computer
Engineering |28,645 12% 18,787 74% 2,686 48%

Mechanical
Engineering/
Mechatronics |35,780 9% 8,542 53% 1,507 56%

Physics/Engi
neering
Physics 8,508 8% 2,006 38% 1,909 45%

Chemistry/
Chemical
Engineering/
Materials
Science/
Materials
Engineering |28,903 8% 5,650 44% 4,761 42%

Total 157,926 9% 68,422 67% 12,615 48%
Source: CSET analysis of 2016—17 Integrated Postsecondary Education Data System (IPEDS).

By dramatically increasing demand for trained workers, the CHIPS Act provifikaig erilate an

immediate call from industry for more fordigm students and workers. Electrical engineers are expected

to be in high demand across a range of industries in the United States, and new engineers require substantial
academic and ghe-job training. The CHIPS Act provisions, however, also create an opportunity, if not an
impetus, for bringing semiconductor manufacturers together to solve jointly the most acute skills shortages
that they face. The current geographic concentrationiobsduttor manufacturing, principally in

Arizona, California, Oregon, and Texas, could facilitate collaboration to identify common skills needs and
pathways. Constructing new semiconductor factories is multiyear endeavor and in parallel the companies
coul establish education and training programs needed to prepare U.S. workers and address the significant
underrepresentation of African Americans, Latinos and women in semiconductor technology fields.

Workers with science, technology, engineering, an(SM&#) degrees are highly coveted in the U.S. labor
market, with the country having among the highest diversion rates of STEM graduates in the world. Even
many U.S. electrical engineering students, for example, will take jobs outside of the figld;anshtiag

or banking. Hiring foreigoorn, U.Strained electrical engineers and other STEM workers is one option to
ensure hiring challenges do not undermine an expansion supported by the CHIPS Act provisions.
Furthermore, as China increasinglisseet foreign talent, retaining these students in the United States
serves to both bolster the domestic semiconductor industry and prevents competitors from acquiring the
talent necessary to surpass the United States. Intel and Micron both rep@Q@dtian r2@trictions to
immigration were a challenge in hiring and retaining talent, and accordingly a risk to theie¥jusinesses.
Strategic hiring of foreigrorn staff must be balanced with empldyeen, publiprivate investments in
training U.S. waers.

2l ntel Cor porkd.i®nMi dirFor nlT eddh Kaldbogy I nc, AForm 10
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Opportunity: Enhance International Engagement and Cooperation on Range of Semiconductor
Related Issues

The fact that most advanced technology links in the semiconductor supply chain are concentrated among
countries that are U.S. allies and partneases an opportunity to forge a cooperative, multilateral approach

to semiconducterelated issues. These countries share many of the same concerns, including supply chain
vulnerabilities, the importance of technological leadership, and counteairiy £€hina s pi r at i ons. (
engagement with these4ikinded countries will foster harmonization of export control policies,

international research partnerships, and amelioration of supply chain vulnerabilities by establishing a diverse
supplierbase. Intenat i onal engagement on these issues is ne
U.S. industry. While industrial supply chains and investment are almost exclusively the purview of the private
sector in the United States, the same is not trusgpton, South Korea, and Taiwan who have a long history

of industrial coordination between the government and the private sector. As such, direct U.S. government
involvement in coordinating efforts to build industrial partnerships between U.S. busihsstréadd

partners in Japan, Taiwan, and South Korea is critical.

Opportunity: Encourage Private Sector Devel opment
Mitigating Semiconductor Supply Chain Risks

Increasing awareness by private sector firmshitheosemiconductor industry and in end user sectors of
the importance of a comprehensive supply chain review can help identify sole/single sources for key materials
and diversify suppliers/plants/geographies.

Many profitseeking companies base their sipgécisions with the goals of minimizing costs, reducing
inventories, and increasing utilization. This approach, however, may not allow for the flexibility to absorb
disruptions in their supply chain. Moreover, companies may not be fully awardrafrttsliy of their

supply chains to potential global shocks caused by natural or political phenomena. Given the number of
locations from which materials are sourced, geographies where manufacturing operations take place, and
transportation routes, supghain risk management can be complex.

A 0Best Practicesd6 supply chain approach could as
developing policies to monitor and manage them. Better transparency and understanding of global supply
chains can also allow for an evalwuation with rega
responsibility.

Opportunity: Domestic Production of Emerging Technologies Can Drive Demand for
Semiconductors in the United States

As noted above, U.Semiconductor companies at various segments of the supply chain, including EDA
suppliers, SME providers, and ahigkers, are highly dependent on foreign sales, particularly to China. This

is because chip production is concentrated in East Asia amés@hieading consumer of semiconductors.

According to the SIA, China accounts for approximately 24 percent of global consumption of

semiconductors and the United States accounts for approximately 25 percent, making the United States and
China the top tev global consumer of semiconductéraVhile current demand in the United States and

China is roughly equivalent, in the next five years, demand in China is forecasted to continue to increase and
to outperform the rest of the wokRd.This would increaseUS. s emi conductor manuf ac:
on sales to China, risking financial vulnerabilities in theasitblongierm as discussed above.

The DoD market for trusted microelectronics is miniscule compared to the commercial marketedsut the
forsecuriiy microelectronics goes well beyond the fraction of DoD purchases that require trusted

components. With some combination of increased market awareness and the associated risk mitigation, the
mar ket for oOtrust wor t hgederahiimesr laoeHerewortstifocriticat s coul d e

28V aras et al
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Strengt hempmilgy T@GRaiGh olbmal AtfBedmn cemtdaliictt oFE r
Strengthening The Gl obal Semiconductor
7z

ot



infrastructure, mass transportation, 5G networks, industrial 10T, connected vehicles, and medical devices
developed greater security requirements, market and cost structure would change substantially.

As the Uited States pursues leadership in next generation technologies and invests in key infrastructure
projects such as higheed broadband infrastructure, electric vehicles, electric grid resilience, and power
generation modernization demand for semiconduicttrare the linchpin of these technologies will

increase, and that demand can be met in part with domestic production. Cultivating domestic development,
production, and demand for these | eading edge ind
semiconductor technology and production. This will be beneficial for the DoD and national security, as
defense needs alone are small compared with commercial markets. As semiconductors become increasingly
embedded in and essential to technologies thrdugbaconomy, secure supply chains are of growing
importance to U.S. economic and national security.

Opportunity: Meeting the Climate Challenge

The semiconductor industry is essential to meeting the climate challenge facing the United States and the
world as a wholeThe electric grid of the futd@iraising 100 percent clean en@rgjll be built on

semiconductor technology. By investing in domestic semiconductor research, development and production,
the United States will be in the position to be a ligaile race to meet zeemission goals, as well as

competitive supplier of the products, equipment and technologies that will be needed to meet these goals.

Similarly, semiconductors are the key to more computaifimealbjve electric vehiclestod future. A
robust semiconductor supply chain that will accelerate the ability for the United States to manufacture clean
cars and put those cars on U.S. and global roads.

Opportunity: Leverage Pollution Prevention Programs to Increase the Sustainabyilif
Semiconductor Manufacturing

U.S. semiconductor manufacturers and their suppliers can build markets and increase resilience by increasing
their participation in efforts that seek to reduce the environmental footprint of their iftheseyare
several efforts that help to reduce or offset emissions from the industry.

Semiconductor manufacturers can improve their fluorinated greenhousgHfasd€estruction efficiency

and implement process improvements to reduce those emiEkotrenic Poduct Environmental

Assessment Tool (EPEAT), a global ecolabel that helps purchasers identify and procure more sustainable
electronics, incentivizes the use of semiconductors made in 300 mm fabs that have red@#¢@ their F
emissions on a metric ton CQ2ssis in EPEAT registered computer products. Semiconductor
manufacturing uses, and can emit, a varietbiGs. Some of theseGHGs are highly potent

greenhouse gases that, pefangbound, trap up to 23,000 times as much heat as carbon dioxide in the
atmosphere, where they can remain for thousands of years. Under the EPEAT program, computers can
receive additional points and higher levels of registration (Silver or Gold) for using semiconductors from fabs
with reduced f6HG emissions, reducing theamt of FGHGs emitted during the manufacturing process

by over 90 percent. The U.S. Government is one of the largest purchasers of information technology (IT)
products in the world, and is required to procure EPEAT registered products, sendingeanstnohg d

signal to the IT sector to incentivize manufacture and sale of more sustainable electrdPicdEsdss

around the globe have followed the U.S. federal government example and are also seeking out EPEAT
products as part of their sustainableyuoent programs he Environmental Protection Agency
conservatively estimates that reducing FGHGs released to the atmosphere during semiconductor
manufacturing could result in a reduction of around 10 million metric tons of CO2e globally and around 2
million metric tons of CO2e in the United States from the baseline

The Green Power Partnership program reduces pollution and the corresponding negative health and
environmental impacts associated with conventional electricity use. The three semiatustoctor in
companies that were identified on the Partnership

73



green energy in the 2020 reporting year; two semiconductor manufacturers are using green power for 100
percent of their electricity.

Pdlution Prevention centers across the United States can be funded to expand their mission to include
research and outreach on preventing pollution at
planned update of the EPEAT criteria will gtexan opportunity to further incentivize shifts to more

sustainable manufacturing of semicondudiifsrts from allied industriés reduce carbon emissions, of

which the Ultrd.ow Carbon Solar Alliance is one, should be looked at for translatiosetmiteanductor

industry. This effort aims to reduce the embedded carbon in solar materials. Similar materials and processes
are used in semiconductor manufacturing and there may be opportunities here for environmental gains. New
sources of funding shdube considered to researetycling and reusesg#fmiconductor

industrywastestreamsor this and other industries.

As domestic semiconductetated plants are constructed or expanded to address supply chain vulnerabilities
and to ensure continued3Jleadership in this critical technology, there is also the opportunity to build them
as nexgeneration facilities, where the energy they consume is moving toward clean power from zero carbon
sources such as wind and solar (Clean Energy Standard).

RECOMM ENDATIONS

A secure and resilient semiconductor supply chain will require-afwehalary effort, bringing together
the resources and ingenuity of the private sector, the government, universities anepodiies, raomal
workers. This report makesesewmajor sets of recommendations to expand and secure the U.S.
semiconductor supply chain:

1. Promote investment, transparency and collabgriatipartnership with industtg,address the
current shortage

Fully fund the CHIPS for Ameripeovisiongo pronote longterm U.S. leadership
Strengthen the domestic semiconductor manufacturing ecosystem

Support SMEs and disadvantaged firms along the supply chain to enhance innovation
Build a talent pipeline

Work with allies and partners to build resilience

Protectthe U.S. technological advantage

Nookswh

1. Promote investment, transparency and collaboratioin partnership with industry,to address the
current semiconductor shortage:

The current semiconductor shortage is the result of multiple factors, including unexXtettagdatial
demandelated to the COVIEL9 crisi@nd events that disrupted specific major semiconductor
manufacturing centers, such as the early 2021 storms in Texas that caused a shutdown of several
semiconductor manufacturing plants. U.S. and gftoblaktion continue to adjust to address the shortage;
however, the shortage continues to negatively impact U.S. workers and consumers and is a persistent
headwind to the U.S. economic outlook. While the private sector must take the lead in addressing th
shortage in the near term, U.S. government can assist in mitigating the current shortage by facilitating
investment, transparency, and collaboration with industry and with partners and allies.

1 The Department of Commerce should redouble its partnershipith industry to facilitate
information flow between semiconductor producers and suppliers and engers: In April,
the Department of Commerce launched an initiative to convene industry stakeholders along the
supply chain to increase communicatiortrandparency. Through these meetings, industry has
recognized that government can play a useful and supportive role accelerating information flow and
identifying data gaps and investment opportunities. The Department of Commerce should bolster
thisworkpot enti ally | everaging the convening power
Commi ttee on Supply Chain Competitiveness, Dep
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and Infrastructure Security Agemsdlepriv@8e ct or Co
sector should continue to play a leading role, including through identifying ways to incentivize
informationsharing across companies in these supply chains.

The Administration should strengthen engagement with allies and partners to pnwte fair
semiconductor chip allocations, increase production, anencourageincreased investment:

To date, U.S. government agencies have undertaken broad-wtlhigiomatic outreach to
ensurdair chip allocation and to affirm that the semicomaunanufacturing capacity in ally and
partner countries is maximized. The U.S. government should continue engaging with allies and
partners to encourage increased production and a fair allocation of supplies to American firms, while
discouraging hoardiagd other activities that will likely prolong the current shortage. The
Administration should also continue its commercial diplomacy to promote investments by foreign
firms in the domestic semiconductor industry. Such efforts have recently yieldedlosucces
example resulting in the announcement of a partnership between the U.S. and South Korea to
increase the global supplyrafture nodehips for automobiles and support leaduhge

manufacturing in both countries.

Over the medium term, the Administation should advance thexdoption of effective supply

chain management and security practices by companie€ompanigs both semiconductor
manufacturers and suppliers as well as{nsemdndustry sectdrcan reduce the risk that a natural
disaster or emé can create a chokepoint that slows down or stops the entire supply chain. In
addition, as discussed in this report, due to the complex supply chains, semiconductors are at risk of
malicious insertions and counterfeiting. Specific recommendatiairede Hubse risks are as

follows:

o Companies should (1) make reasonable efforts to conduct scenario planning for disrupted
supply and diversify sources to include multiple ortskeregions; (2) consider evolving
product designs to allow more flexipilit chip use; (3) have faster upgrade cycles in
products to reduce lostagil risk of stranded products;(4) ensure backward compatibility of
form and function so that newer chips can be substituted for older ones; and (5) enter into
contracts that allow f@ptions to adjust quantities based on unexpected changes in
demand.

0 To reduce the impacts of transportation and logistics issues, prior to making orders,
companies should create scenarios efdisisted demand so that the different scenarios
can be faored into decisions regarding quantities of orders. To further assist in these
efforts, companies can utilize technology platforms that provide better visibility into
available logistics capacity.

0 NIST should continue to work with industry partnerddntify supply chain challenges and
provide potential solutions, including through its collaboration with industry on Supply
Chain Assurance, which will produce example implementations to demonstrate whether
purchased computing devices are genuine dtetechauring manufacturing and
distribution processes.

2. Advance LongTerm U.S. Leadership and Resilience by Fully Funding the CHIPS for America
Provisions in the FY 2021 NDAA.

The BiderHarris Administration applauds Congress for recognizing the impaftanobust domestic
semiconductor manufacturing and research and development capabthiyrizynghe bipartisan CHIPS
for Americgorovisionsn the FY2021 NDAAAs an initial step, Congress should fund the CHIPS
provisionswith at least $50 biltian funding. Production incentives should support U.S. leadership in
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leading edge chip production, secure mature node supply chains for critical industries, and ensure the safety
and security of products produced domestically and by allies and partners.

T Manufacturing: Consistent with the American Jobs Plan proposals, federal incentives to build or
expand semiconductor facilities are necessary to counter the significant subsidies provided by foreign
allies and competitors. The NDAA authorized the Department of Contonaneed financial
assistance to private entities or pytrlicate consortia to finance, construct, expamdpdernize
facilities to support semiconductor fabrication, ATP, and advanced packaging. These incentives should
support production across niple nodes. Investment should support production of leading edge logic
production necessary to maintain competitiveness in the semiconductor industry, along with production
of mature node logic chips and analog and discrete chips essential to esiticed anttl defense needs,
and production of memory chips, which require support in the face of increased Chinese investment in
the memory industry.

T Research and DevelopmentCongress should also fund essential investments in R&D. As authorized
by the NDAA, these funds could support an NSTC, to advance the next phase of innovation, advanced

packaging and integration, research into new materials, architectures, processes, devices, and applications

and most importantly, bridges the gap between R&D and ooalizegion. The funds could support

NIST in establishing new programs to foster the development of Advanced Packaging and Test
capabilities onshore. Appropriations for may also support new or expanded R&D programs at the DoD.
For example, DoD fundsca be wused to continue or expand R&D
Initiative, including for laboratory to fabrication programs. These efforts should be closely aligned with
the NSTC R&D programs and priorities.

T Multilateral Fund: The NDAA authorize@ Multilateral Semiconductors Security Fund which, if
funded, should support the development and adoption of secure semiconductors and secure
semiconductors supply chains. This should include joint R&D programs with allies. The Fund, operated
by the Depament of State, would support diplomatic efforts with foreign partners to align policies on
export controls, foreign direct investment screening, supply chain security, intellectual property
protection, and transparency requirements on subsidies.

3. Strenghen the Domestic Semiconductor Manufacturing Ecosystem

As discussed in this report, an ecosystem for semiconductor manufacturing is critical for fostering a robust
and sustainable commercial semiconductor industry. The U.S. government should wnéEitakadgh
measures to advance this goal:

9 Investin the infrastructure needed to support semiconductor manufacturingCongress should
pass recommendations in President Bidends Amer.
semiconductor rearch and manufacturing and for critical supply chain efforts, will drive U.S. demand
for semiconductors through investments in key semiconductor using ifidusiueing power
generation transmission, clean energy, broadband, and electri@t aehigterirn, help incentivize
private sector investments. In addition, investments in clean energy and water sources should offset the
cost of energy for new semiconductor fabrication fadltigs are key inputs in semiconductor
manufacturing.

1 Supportprivate sector investments across the semiconductor manufacturing supply chain
o Congress should authorize and fund incentives to support key upstctading
semiconductor manufacturing equipment, materials, arfid gagdekwnstream industries
throughot the supply chain. With additional authorized funds, the Department of Commerce
could provide financial support for such facilities, EXIM could potentially provide loans or
loan guarantees for those facilities where there is a sufficient exportch&RA laans and
programs could support small domestic suppliers.
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0 SelectUSA services to foredigeated businesses of international and U.S. origins seeking to
invest in the United States can be used to attract investment in semiconductor manufacturing
suppy chains.SelectUSA services include market research products like Research and
Locations Report services, investment counselling, introductionslevstd&eonomic
Development Organizations to assist with organizing land and associated inérastructur
educational and matchmaking events, and assistance navigating the federal regulatory system.

91 Provide focused support for domestic chip production related to national security needs:

o DoD should support a study that analyzest8&HEequirements to determine whether
additional investments are needed for construction of new SEE test facilities.

0 With additional resources, DoD should increase investments to upgrade SEE testing
capacity at existing facilities to meet demand augjthpurchasing blotiuys of SEE
testing.

o DoD should invest in radiation hardened microelectronics data collection, storage, analytics
services to support a coordinated, centralized DoD SEE test resource management activities.

4. Support Small and MediumSize Semiconductor Businesses, including Disadvantaged
Businesses

Small and medium sized suppliers represent the majority of U.S. firms involved in semiconductor and related
device manufacturing awduld benefit fronspecialized support to increase thainket share and

resilienceTheir needs are diverse, ranging from R&D funding to prove emerging technologiestdinancing
support commercializatioand support in resisting predatory foreign acquisition prattiees.

Administration should hefmmall lusinesses scale and connect to comnpamiaictiori including through

existing SBA prografindy targetingromising areas of the semicondustgply chainsuch as design,
semiconductor manufacturing equipment, materials, production services, fabracdtieny i al s, 6 asse
and packagingd a mruthes theAamicistrationstowdkhalgcdomntercialize new

technology by targeting investments to promisingtéafe innovators.

T R&D funding: The Small Business Innovation Researchi8usihess Technology Transfer
(SBIR/STTR) program should be used in a consistent and coordinated manner by large Federal R&D
agencies (Departments of Defense, Commerce, Energy) to signal commitment and interest in U.S.
innovation and emerging technolagiepecially for startups and small businesses in fields related to the
semiconductor industryfhis can be used to establish a wide community of practice that intentionally
incorporates innovative small businesses, and expands connections withractalmiatosities,
including at historically black college and universities (HBCUs) and-s@ngrityinstitutions (MSIs),
to pull technology forward.

1 Support for commercialization: Promising small businesses should be supported by Federal agencies
to scale their businesses, connecting these firms to the commercial value chain via a clearly mapped
ogrowth chain.é

1 Address capital needs for growthSBA should assist U.S. small semdigctor firms byrawing the
attention of private investors in the Small Business Investment Companies program as a potential source
of debt and equity investment; asdisting these firms in making use otlmst’loan programs to
obtain workingapital, build inventory, drive domestic demand, buy out foreign owners and investors,
finance equipment purchases and expand facilities.

T EXIM can also assist with capital needsEXIM could provide loans or loan guarantees for capital
investment for thasfacilities where there is a sufficient export nexus and provide loans and loan
guarantees for exported U.S. goods and services.
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5. Build a Diverse and Accessible Talent Pipeline for Jobs in the Semiconductor Industry

The Administration and Congress showddfe significant investments to grow and diversify the STEM

talent pipeline, which is essential for semiconductor manufacturing and many other industries in the United
States. It should also expand sectoral partnerships through which employersrimensinppaith

training providers, intermediaries, labor unions and comimasety organizations to create pathways to job
opportunities. Training should be paired with strong labor standards, including the free and fair choice to
join a union and bargatollectively.

T The Department of Laborés (DoL) Employment and
support sectorbased pathways to jobs in the semiconductor industrylo that end, ETA
should continue to provide training grants and tools to partnéhshipsepare workers for high
skill employment, including:

o0 ETA should provide FLB Skills Training Grants, which support traipartnershipm
keyfields,which can include semiconductor manufacturing. These grants should target
veterans, military spems, transitioning service members, and underrepresented populations in
the applicable sectors, including wgomeaple of color, justiégevolved individuals,
individuals with disabilities, and other populations with employment barriers that hinder
movemat into middleto highskilled H1B occupations.

0 The Administration should use ETA funds to work with industry and labor, community
colleges, and nerofit partners to support pathways to semiconductor employment through
its Registered Apprenticeshipgreans. Through industry and labidven partnerships,
apprenticeships provide highality career pathways.

o0 ETA should continue to promote and provide technical assistance on the use of
semiconductor industrglated competency models, such as the ¢atyadtanufacturing
Competency Model developed in collaboration with SEMI and othersdtjecexperts.

In consultation with ETA, SEMI is currently developing an additional level of detail for the
Advanced Manufacturing Competency Model, describiimgitisérysector technical
competencies specific to the semiconductor séatitre coming months, ETA plans to
publish the updated model on its Competency Model Clearinghouse website.

o The American Jobs Plan creates The Sectoral Employment throughr&aregrfor
Occupational Readiness program. Congress should fund these investments, which will be
targeted to higgrowth industries and sectors such as semiconductor manufacturing.
Investments will support the formation of sector partnerships, deeetaprd scaling of
sector training programs, and establishment of-fexiised career centers. The program
will also provide supports to modernize the delivery of training, including disiag on
modalities. The Department of Labor will make grantsortia of workforce system
entities, education providers, employers/industry groupsiriahagement partnerships,
communitybased organizations, and unions. Investments can also be used to provide
wraparound services and supports to help workeessfidly complete the training
programs. While this program will primarily target workers early in their career trajectory, it
can be used to bring more underrepresented communities into this skilled workforce and begin
building the pipeline

o DoD shouldmnvest in a strategic PubdHdvateAcademic partnership workforce development
model with a focus on tilored curriculurto meet defense microelectronics talent needs
and 2yecruitmentnto the defense industry base and U.S. agencies.

1 Retain andsupport foreign workers filling essential gaps in the semiconductor workforce
Losing top STEM talent to competitor nations is detrimental to U.S. competitiveness and especially
counterproductive when the workers were educated at U.S. universitiesenCanmitufunding
semiconductor production incentives, Congress should address the immediate negkilfed high
semiconductor workers, including engineers and computer scientists, by increasing the number of
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highskilled visas, eliminating limits on lEyipentbased visas by country and exempting highly
skilled STEM talent from employmdiased visa caps. Congress should pass the U.S. Citizenship
Act proposed by President Biden on January 20, 2021. Relevant measures of the bill:

0 Increases the total nber of available of employmdmatsed visas and exempts spouses and
minor children visholders from green card capy. increasing the number of visas issued
annually, and recapturing unused visas, the bill will clear the emgilagetenisa backlog
andreduce wait times that can stretch decades.

o Eliminates pecountry visa caps to ultimately increase opportunitigigliekilledpersons
from larger nations like China and India.

Build a diverse pipeline of engineers and computer scientists, which ngéice years of STEM
education:

o Congress should invest in evidedrased CTE programs in middle and high schools to
ensure that students are prepared to be successful in a variety of fields, including in advanced
STEM fields. Funds should increase aaeessriputer science and create high quality
career pathway programs in middle and high schools, prioritizing models that allow students
to earn college credit or result in a credential, and that connect underrepresented students to
STEM and irdemand sectsy including programs that leverage partnerships between
schools, community colleges and employers.

0 Congress should increase investments in the institutions with a track record of closing racial
inequities in STEM fields. HBCUs and Tribal Colleges avetsitiés (TCUs), and MSlIs
such as Hispangerving institutions and Asian American and Native American Pacific
Islanderserving institutions collectively enroll more than 6 million undergraduate students,
of which 4 million are students of color. Appiatfans should: include research and
development grants specifically for HBCUs, TCUs, and MSIs; ensure students at HBCUSs,
TCUs, and MSiIs have state of the art equipment, including upgradaadomioktar
laboratories and computing capabilities and nestwomeate 200 centers of excellence that
serve as research incubators at HBCUs, TCUs, and MSis to provide graduate fellowships
and other opportunities.

6. Engage with Allies and Partners on Semiconductor Supply Chain Resilience

Deepen engagement with abieg partners in support of a more resilient global semiconductor supply chain
and shared benefits of additional research and development, beginning with the countries that are most
integral to global semiconductor manufacturing. Specific recommendagerislbws:

1
|
)|

The Department of Commerce should encourage allied and partner foundries and materials suppliers
to invest in the United States and allied and partner regions to provide a diverse supplier base.

The interagency should promote researcdaralopment partnerships and harmonization of

policies to address unfair trade practices and industrial policies.

The interagency should continue to collaborate with allies and partners on supply chain concerns.
This includes through the Quadrilat&edurity Dialogue (United States, India, Australia, and Japan),
which recently announced a dialogue on semiconductor supply chains, and through bilateral
engagement with the Republic of Korea to facilitate mutual and complementary investment in
semiconduars.



7. Protect U.S. Technological Advantage in Semiconductor Manufacturing and Advanced
Packaging Supply Chain

1 Ensure that Export Controls Support Semiconductor Manufacturing and Advanced Packaging
Supply Chain: Export controls protect U.S. natioseturity through identification of technologies that
can enhance military, intelligence and security capabilities; and contribute to U.S. and allied and partner
country technology leadership. Specific recommendations are as follows:

0 The Administration shutd target and implement export controls that can support policy
actions to identify and address vulnerabilities in the semiconductor manufacturing and
advanced packaging supply chain.

0 The Administration should target and implement export control$ical semiconductor
equipment and technologies to address certain supply chain vulnerabilities. The
Administration should also make efforts to collaborate and coordinate with key supplier
allies and partners on effective multilateral controls. Togattecontrols will protect
U.S. national security interests by limiting advanced semiconductor capabilities in countries
of concern while enabling continued leadership of the U.S. semiconductor sector.

1 Continue to Ensure Foreign Investment Reviews for Natihal Security Considerations in the
Semiconductor Manufacturing and Advanced Packaging Supply Chaigimilar to export controls,
reviews of semiconductor industlated foreign investment transactions by CFIUS include analysis of
the threat, vulneraltyliand potential national security consequences of a specific transaction. CFIUS
risk-based analysis can include factors relevant to supply chain resilience, such as the role of the target
U.S. business in supply chains with national security implic&pec#ic recommendations are as
follows:

o In conducting its reviews, CFIUS should continue to consider the impact of the transaction
on the national security vulnerabilities in the semiconductor manufacturing and advanced
packaging supply chain iderdifie this report.

0 As authorized by the Defense Production Act, as amended, and subject to applicable
confidentiality requirements, CFIUS should continue to conduct robust outreach as
appropriate with foreign partners to share information regardingyithasacquisition
trends and threats as well as to encourage allies and partners to implement robust national
securitybased investment screening regimes. These interagency efforts will continue to
implement the strategy to build their capacity to rawvigigrate, prohibit, or require
divestment of foreign investments that may threaten national security interests, and to share
information that will allow the United States and our partners to better identify and address
transnational risks.
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ABBREVIATIO NS

ASICS- ApplicationSpecific Integrated Circuits

Al - Artificial Intelligence

ATP - Assembly, test, and packaging

CTE - Career and Technical Education

CSET- Center for Security and Emerging Technology
CPU- Central Processing Unit

CHIPS- Creatiig Helpful Incentives for Production of Semiconductors
CFIUS- Committee on Foreign Investment in the United States
CAGR- Compound Annual Growth Rate

DUV - Deep Ultra Violet lithography

DOL - Department of Labor

DARPA- Defense Advanced Research Projects Agency
DOD - Department of Defense

DMEA - Defense Microelectronics Activity

DRAM - Dynamic Random Access Memory

EDA - Electronic Design Automation

EPEAT - Electronic Product Environmental Assessment Tool
ETA - Employment and Training Administration

EU - European Union

E.O.- Executive Order

EXIM - Exportimport Bank of the United States

EUV - Extreme Ultraviolet lithography

FPGA- Field Programmable Gate Arrays

FY - Fiscal Year

F-GHG - Fluorinated Gredmuse Gas

GaAs- Gallium Arsenide

GaN - Gallium Nitride

GPU - Graphics Processing Units

HBCUs- Historically Black Colleges and Universities

IT - Information Technology

ISA - Instruction Set Architecture

IDM - Integrated Device Manufacturer

IP - Intellectual Property

0T - Internet of Things

LiDAR - Light Detection and Ranging

MEP - Manufacturing Extension Program

MOCVD - Metal Organic Chemical Vapor Deposition
MEMS- Microelectromechanical Systems

MSIs- Minority-Serving Institutions

nm - Nanometer

NDAA - National Defense Authorization Act

NIST - National Institute of Standards and Technology
IC - National Integrated Circuit Fund (China)

NSTC- National Semiconductor Technology Center
NAICS - North American Industry Classificati®ystem

NOI - Notice of Inquiry

OECD - Organization for Economic Cooperation and Development
OSAT - Outsourced Semiconductor Assembly and Test
R&D - Research & Development

STEM- Science, Technology, Engineering, and Math
SIA - Semiconductor IndustAssociation

SME- Semiconductor Manufacturing Equipment

SMIC- Semiconductor Manufacturing International Corporation
SRC- Semiconductor Research Corporation
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SiC- Silicon Carbide

SEE- Single Event Effect

SBA- Small Business Administration

SBIR- Small Business Innovation Research
STTR- Small Business Technology Transfer
SOEs- Stateowned Enterprises

TSMC- Taiwan Semiconductor Manufacturing Company
TEL - Tokyo Electron

TCUs- Tribal Colleges and Universities

USB- Universal Serial Bus

USPA - U.S. Partnership for Assured Electronics
WTO - World Trade Organization

YMTC - Yangtze Memory Technology Company
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EXECUTIVE SUMMARY

High-capacity batteriésused in electric vehicles (EVs), for stationary storage, and for many defense
application® offer an important and growing market that can support the creation of American jobs, help
meet our national security needs, and bribgiens climate targets within reach. The rationale for
supporting the U.S. supply chain now is clear: demand for EVs and energy storage is increasing, investors are
increasing investmenttire clean economand the pandemic hasderscored the fragiliof some U.S.

supply chains. China and the European UniondElHontrast to the U.S. approddhmave developed and
deployed ambitious governmibad industrial policies that are supporting their success across the battery
supply chain. China haaisoved beyond conventional policy support with practices involving
guestionable environmental policies, price distortion througtustatgerprises to minimize competition,

and large subsidies throughout the battery supply chain. However, theitypfoortiue United States to

secure a leading position in the global battery market is still within reach if the Federal Government takes
swift and coordinated action. This document identifies key opportunities and makes recommendations to
seize those opptunities.

Government policies are needed to incentivize every stage of the U.S. battery supply chain including boosting
demand for products like EVs and stationary storage that usagagity batteries. Strong demand for end
products can unlock befits from cdocation (e.g., cost and flexibility benefits from placing battery pack and

cell manufacturing near EV demand) and provide a foundation from which to compete in global markets.

The highcapacity battery supply chain consists of fivevalai@ chain steps including: 1) raw material

production, 2) material refinement and processing, 3) battery material manufacturing and cell fabrication, 4)
battery pack and end use product manufacturing, and 5) battdfriferathd recycling. Coordirtite

government and private sector action is required across all five stages, as gaps can undermine efforts to secure
the supply chain. For example, if the United States increases battery recycling rates and not processing
capacity, recycled minerals wilkXmorted for processing only to bémeorted at a later supply chain step.

This report highlights critical materials for-agghacity lithiuaion batterie® particularly Class | nickel,

lithium, and cobafi as primary upstream supply chainerabilities. For raw material production, the first
supply chain step, where demand candét be met thro
increasing recycling, potentially sourcing from mine waste, identify mineral substitutegubtic)attd

private sector should consid@reased domestic production when strong labor standards and important
environmental and cultural protections are applied to support economically viable domestic extraction. New
responsible domestic extractitnould focus on critical materials where the U.S. has known reserves
significant enough to establish an economic base supply. For example, lithium could be a potential priority
for increased domestic extraction given the United States holds 3.6 phrednbefn global reserves,

which could satisfy 2020 global lithium demand for more than 8 years. New raw mineral mining must be
held to modern environmental standards, requirptaesice labor conditions, and conduct rigorous

community consultatiomdluding with Tribal nations through governregovernment collaboration,

while recognizing the economic costs of waste treatment and processing. The Federal Government in
collaboration with the private sector must also continue a strategy ofpaiyn@néngagement to diversify
international sources and promote international environmental and labor standards.

For the second supply chain step of refining and processing, the United States has an even more significant
deficit than in raw productioagacity as critical minerals mined in the United States are often exported for
processing. Increasing U.S. processing capacity alone would bolster the supply chain, and coupled with
recycling, is the most promising pathway to securing the supply chaierfs where the United States

does not have significant reserves from which to
stems, in large part, from state investment in processing and manufacturing rather than an inherent advantage
in reserves for most materials.
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The third step focuses on manufacturing battery materials and cell fabrication and the fourth focuses on pack
fabrication. For battery material manufacturing and cell fabrication, the United States has less than 10
percenbf global market share for capacity across all major battery components and cell fabrication.
Comparatively, China has over 75 percent of global cell fabrication@kgeitydriven by state

investment in raw material processing, component amauwefacturing, and EV deployment support,

among other state interventions. For battery pack manufacturing, the United States has built up a
manufacturing footprint largely to service North American EV production demand; however, the United
States still ¢gs behind other markets as domestic demand comprised only 12 percent of global EV demand in
2020 compared to roughly 40 percent in China and 40 percent across Europe. Federal funding for cell and
pack manufacturing capacity can create the market cerditiatalyze greater private sector investment in

this growing market.

Finally, the fifth supply chain stage of batterso&hf# is closely tied to the early stages of the supply chain.
This stage can offset the need for new mining by increasifiggenyd recovery of critical materials from
products at the end of their life, offering another domestic source of critical materials.

Coordinated U.S. investment and policy support to stimulate end product demand and build out-the full end
to-end supplghain will be critical to securing and advancing a competitive position for the United States in
the global battery supply chain. The recommendations presented in this report will transtetging well
American jobs and will strengthen the U.S. ersrgynotive, and defense sectors. The recommendations
include:

STIMULATE DEMAND FOR END PRODUCTS USING DOMESTICALLY MANUFATURED
HIGH -CAPACITY BATTERIES

Support Demand for Batteries in the Transportation Sector:
1 Electrify the Federal vehicle fleet stade, local, and Tribal government fleets
9 Electrify the U.S. school bus and transit bus fleets

T Suppor tof-SeaR eiéntr ebat es for consumer sutyavehitlesa t a x
with a preference for U.S. content

9 Support the build out of\Echarging infrastructure
1 Support strong energy efficiency and tailpipe emissions standards for all vehicles

Support Demand for Batteries for the Utilities Sector:
9 Accelerate Federal battery storage procurement

1 Expand the Internal Revenue Service (IR@stment Tax Credit (ITC) to include stationary
storage as a staabbne resource

9 Institute power transmission regulatory reform to support renewable power and stationary energy
storage

STRENGTHEN RESPONSIBLY -SOURCED SUPPLIES FOR KEY ADVANCED BATTERY
MINE RALS
Invest in targeted, mineralspecific strategies:

1 Support sustainable domestic extraction and refining of lithium

Support nickel and cobalt recovery from recycled and unconventional sources

Invest in nickel refining in coordination with allies

Identify opportunities for supporting sustainable production and refining of cobalt

Work with allies and partners to expand global production and ensure access to supplies
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Raise labor and environmental standards across the board:
1 Develop strongnvironmental review permitting practices for the extraction of lithium, nickel,
cobalt, and other key higapacity battery minerals
1 Leverage Federal investment to incentivize sustainable practices

Increase resilience by strengthening U.Secycling:

9 Establish a national recovery and recycling policy to propose targeted incentives for recycling, stand
up a battery recovery and recycling task force, and ensure recycling and processing meet the highest
environmental standards

PROMOTE SUSTAINABLE DOMESTIC B ATTERY MATERIALS, CELL, AND PACK
PRODUCTION
Catalyze Private Capital with Grants and Loans:

1 Enact new Federal grant programs to catalyze private capital
T Leverage the Department of Energyf6s (DOE&ds) Ad
Program

Introduce Supportive Tax Credits:
1 Revitalize IRS 48C manufacturing tax credits

1 Revive and expand Section 1603 of the American Recovery and Reinvestment Tax Act (ARRTA)
program to support small manufacturers in the batteries, cells, and relatedrocssialg supply
chain

Leverage Federal Procurement and Financial Assistance:
1 Strengthen U.S. manufacturing commitments in Fedenalid grants, cooperative agreements,
and research and development (R&D) contracts

INVEST IN THE PEOPLE AND INNOVATIONS  THAT ARE CENTRAL TO MAINTAING A
COMPETITIVE EDGE

1 Investin the Next Generation of Battery and EV Industry Workers:
1 Develop the workforce needed for the growing battery manufacturing industry

1 Include labor standards as a condition on production sutsigliegower workers and support
their free and fair choice to organize

Increase Funding for R&D to Expand Uptake and Reduce Supply Chain Vulnerabilities:

1 Increase support for R&D to reduce battery cell costs, enhance performance, and reduce dependency
on key critical materials

1 Create a Manufacturing USA Institute for-emtacity batteries
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INTRODUCTION

Thehighc apacity battery mar ket is arguably one of t h¢
kilowatthour (kwWh) of lithiurmion batterie has declined more than 80 percent over the last decade, and this

cost decrease has made these batteries very attractive to new and growing markets including the electric
vehicle (EV) and stationary storage markets. The cost reduction has beemuesitodrdi driven by

advances in material technology, cell manufacturing, and economies of scale. Demand from the EV and
stationary storage markets is projected to increase the size of the lithium battery market by another factor of
five to ten by 2030As a result, industry and numerous governments throughout the world have identified
lithiumrion and more advanced lithii@sed batteries as critical enabling technology for success in the next
generation clean energy marketplace and for achievirapritahie, energy, national security, and climate

priorities.

Many governments and government coalitions have adopted coordinated, geeeratragrgies and
industrial policies to advance their fuigppacity battery supply chain that significanttivdigage markets

that do not take a coordinated approach. In the European Union (EU), policies enacted to meet climate
change goals, including the EV sales mandates and the Battery Directive on Recycling, should create
additional pressure on industrydoederate the timeline for EV adoption. In contrast, China has positioned
itself as a market leader in the manufacturing supply chain through the practice of questionable
environmental policies, price distortion, stateentities that minimize competiti and large subsidies
throughout the battery supply chain.

Therefore, it is critical for the United States to leverage our leading position in research and development
(R&D) of new technologies with a comprehensive set of domestic and internattivatitotaccelerate
commercialization throughout the battery supply chain. This strategy would transhateytogyelbs
throughout the United Stai@sd represents a orpea-generation opportunity to position the United States

as a global leadarthe manufacturing of energy storage materials and technologies to protect both the
environment and our economic and national security interests.

For this -cgepaocitt,y @ hciegglhl s are defined asholwrpavi ng a ¢
kilogram (Wh/kg) or greater. For reference, the Tesla Model 3 uses cells that deliver 240 Wh/kg, and many
other commercially available EV battery cells approach that capacity, so 200 Wh/kg and above is well

inclusive of the range of current technolagium-ion and rechargeable lithium metal anode batteries,
hereafter referred to as o0lithium batteries, 6 com
future of this higltapacity battery market. Sodiomand other battery technologiesldlay a role in

future stationary/grid markets, and possibly for automotive applications. However, their uncertain advantage
over lithiumion in performance and cost, the dominance of littdnrm current deployments, the

multibilliondollar capitatost investment requirement to establish a position in this market, and the relative
immaturity of competing technologies argues in favor of the incumbentiithtechnology remaining the

dominant force for the near and intermediate term.

Downstream Maket Overview: Electric Vehicles

With the increasing electrification of the U.S. transportation sector, employment is already growing in the EV
market, with electric hybrids, pladiybrids, and all EVs supporting 198,000 U.S. employeesliar016,
242,700 U.S. employees in 2019.

1U.S. Departmentof Energii,2 017 US Energy and Employment Report (USEI
November 9, 2019.
2U.S.Departmentof Energyi2 019 US Energy and Empl oyment Report (USE!
March 31, 2021.
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The automotive industry will likely drive the demand for batteries. Bloomberg projects worldwide sales of 56
million passenger EVs in 2040, of which 17 percent (about 9.6 million EVs) will be in the LB St atlarket.
batteries for Bloombergds projected 9.6 million U
result in roughly $100 billion in impdrtdence, capturing this market is imperative for the future viability

of the U.S. auto industry, wehihistorically has contributed 5.5 percent of the total annual U.S. gross

domestic product (GDP).

As seen in Figure 1, global lithiem battery demand in all market segments is projected to grow in the

coming years, with passenger EVs dominating thetnihe value of the EV battery market, assuming
$100/kWh EV batteries, is expected to be over $50 billion in 2025. EVs are a critical driver of the demand
for high-capacity batteries and are the primary market focus when assessing the needccfbatiergesti
manufacturingRoughly 3.1 million EVs were sold globally in 2020 representing over 40 percent growth over
2019 volumes, while overall vehicle sales contracted 15 percent for the year due 18 /4Bles are
concentrated in markets watignificant government initiatives (e.g., mandates and incentives) for production
and purchase of EVs such as Europe and China, which each had roughly 40 percent of 2020 global EV sales.
The U.S. market had roughly 12 percent of global EV sales irs 2020 rain Figure(8howing EV sales

in the five countries with the top sales). China led sales in the last five years and had over 50 percent of
global sales in 2017 and 2018. Policy drivers are closely linked to sales patterns because E¥ibatteries rem
relatively expensive, making EV powertrains difficult for manufacturers to sell outside of incentivized
markets today. Batteries are estimated to comprise 50 percent of the vehicle cost for some earlier EV
models; however, EV batteries, specifighliyrh batteries, have been declining in’cDsie to steadily

falling prices, industry analysts predict that by 2030 global cell production will be around 2,000 GWh with the
vast majority aimed at vehicle gales

3 BloombergNEF, Electric Vehicle Outlook 2019. May 2018tps://about.bnef.com/electriehicle-outlook/.

Accessed March 15, 2021.

4Assumes ach EV will have a 100 kwWh battery pack produced at $100/kWh, making the cost $10,000 per battery
pack. The $100B market is based on $10,000 per pack and approximately 10M EVs sold in 2040.

SAll'iance for Automotive | nnov2add®d.n, ADriving the U.S.
https://www.autosinnovate.org/initiatives/tidustry. Accessed April 27, 2021.
SIEATl nternational Energy Agency. ARowngl2OdRDHIO. el datnmiac y

https://www.iea.org/commentaries/haylobalelectriccarsalesdefiedcovid-19-in-202Q Accessed May 2, 2021.
" BloombergNEF estimates the 2010 price of lithiiom cells was roughly $1,100/kWh. This puts the estimated
price of the cells alone in the gimal 16kWh Chevrolet Volt battery pack at around $17,600. That amount was
nearly half the Voltds suggested retail price at the t|
Bl oomber gNEF, ABattery Pack Prices Fall as Mar ket Ramp:
December 3, 2019https://about.bnef.com/blog/battepackpricesfall-asmarketrampsup-with-marketaverage
at156-kwh-in-2019/?sf113554299=1. Accessed March 30, 2021.
8BloombergNEF, Electric Vehicle Outlook 2020. https://about.bnef.com/eleethicle-outlook/. Accessed April
27, 2021.
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Figurel. Worldwide anticipated use applications of lithiumbatterie$.
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Downstream Market Overview: Stationary Storage

The market for stationary storage is also projedattéase substantially in the nex@@§ears, in

particular, in the power system. As costs for variable electricity generation like wind and solar lead to
increasing deployment of these power sources on the grid, the demand for technologieshretiszab bot
excess lowost generation and contribute to supply during times of peak demand will increase as well. While
vehicles are likely to be the primary driver for lithium batteries, stationary applications create additional
market applications for higapacity lithium batteries, in particular those requiring four hours of continuous
discharge or less.

Battery stationary storage systems, emutive battery systems connected to the electric grid or distributed
to support a commercial, uglrial, omthome site, are growing at dimear rates. In the third quarter of
2020, the United States added 578 medawmtt (MWh) of energy storage capacity, an increase of 240
percent over the previous high set in the previous quarter (second quartefofi#@i@rion batteries

9BloombergNEF, Longrerm Electric Vehicle Outlook 2019. Available for purchase.
https://about.bnef.com/electriehicleoutlook/. Accessed March 5, 2021.
Bl oomber gNEF, I nteractive DatcalseetSal eEsl ebcyt rdocu nverhyi;col easc,
2021.
https://energystorage.orgtesergystoragemarketshattersrecordsin-q3-2020/
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accounted for 99 percent of the added MWh. Global capacity estimates vary by source but installed
stationary battery storage capacity is projected to grow from 8-gigansgtc\Wh) in 2018 to 155 GWh in
2030, a nearly twerftyld increas&Currently, Korea, Japan, and the United States are the three largest
global markets for stationary battery storage, respectively. Over the next two years, the United States is
projected to become the largest global market for statiomagg sémd by 2050, China, the United States,
and India are projected to be the three largest global r#arkets.

Global drivers for battery storage deployments for the electric grid vary by location, and policies such as
mandates, regulatory reform and itiees are currently the main madceters. However, as the levelized

cost of electricity for battery storage systems continues to decrease, battery storage will increasingly displace
other electric grid assets on a-costpetitive basis. There are edady discrete examples where battery

energy storage is cost competitive, such as peaking plant replatéatiesdl, generator replaceniént,

capacity and resource adequacy, and as an asset to provide ancillagy services.

With greater duration requirements and less stringent density and weight constfiimisn rsborage

technologies may emerge as the moseffestive longerm solutions for stationary storage. Stationary

energy storage can benefit the electgiéityby providing many services to facilitate the use of intermittent
renewable energy sources, serving remote communities, supporting electrification of transport and other
sectors, increasing resilience, optimizing energy production and usagejrandri@aicervices like

healthcare. Looking ahead through 2030, the materials for lithium battery stationary applications are expected
to use largely the same materials as EV batteries, with modified cell design and battery voltage utilization
changeto meet specific requirements.

Downstream Market Overview: Defense Applications

Establishing and protecting a higipacity battery manufacturing capability in the United States, as well as in
allied and partner countries, is critical to U.S. nateuoaitg and is essential to developing resilient defense
supply chains that are not under threat from potential adversaries. While the supply chain security of
minerals, materials, and cells is of concern today within the Department of Defense (0§, the

demand and diversity of applications for lithium battery technologies make the future strategic concerns even
more important. To meet maritime, surface, undersea, space, air, and ground operational requirements,
DOD will need reliable and securesamted battery technologies.

Given the current and projected growth in the lithium battery market, and the critical strategic importance of
storage technology, it is not surprising that so many organizations, from companies to countries and

economic uniondave identified battery production and its associated supply chains as areas of great
importance. China in particular has created a distorted supply chain landscapertmauksét or

government interventidrom statecontrolled firms, both domestlty and in developing economies. This

includes massive subsidies for raw material processing and cell production as well as an estimated $100 billion
plus in direct government subsidies for EVs in the last 10 years, according to one estimatesir@iaen the

2Bloomberg New Energy Finance, 2019 Lefigrm Energy Storage Outlook, July 31, 2019, page 60.
BBloomberg New Energy FinancBattery Storage Database, Accessed February 19, 2020.
Y https:/iwww.nrel.gov/docs/fy19osti/73222.pdf
Bl nstitute for Energy Economics and Financial Analysi s,
gas peaker pl ahtpgs:gieefa.ord/nedyork-lodking#-liatteBystorageto-replacenaturatgas
peakefplants/. Accessed April 14, 2021.
Renewabl e Energy Worl d. AMinnesota Utilities Weigh Er
2019. https://www.renewbleenergyworld.com/2019/07/16/minnesatdities-weigh-energystorageassubstitute
for-peakesplants/#gref. Accessed April 14, 2021.
YClimate Action, fAiTesla to Replace Backup Diesel Gener e
Na nt u cdvertber 10, 2017http://www.climateaction.org/news/tedla-replacebackupdiesetgenerators
with-200-batterysystemson-the-u/. Accessed April 14, 2021.
BEnergy Storage News, iGer man storage syst®2019proves bat
https://www.energystorage.news/news/germatoragesystemprovesbatteriesprofitablewithout-subsidy.
Accessed April 14, 2021.
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history of Chinesenemar ket i ntervention in the solar and rar
intentions in the Made in China 2025 initiative, there is cause for concern that, without a proactive response
from the United States, this gragvfield will face those same challenges. Government in concert with the
international community.

Industry actors along the supply chain have indicated that cell production will largely follow demand for EVs.
The heavy weight of cells and the factttiegt are classified as hazardous materials makes transportation
expensive and createsbemefits from locating these stages of the supply chain npesdarad

manufacturing. In addition, automotive production depends heavilyiortifjostdelivery aied at

reducing inventory costs and enabling ongoing quality improvements. Content requirements under trade
agreements, like the UnitethtedMexiceCanada Agreement (USMCA), offer further incentives to localize
battery production. The high regionakteonlevels under USMCA mean companies must have qualified
production of both cells and finished batteries to receive tariff preference. However, dompesticcénd

demand is necessary, but not sufficient absent coordinated policy across thedbhisypplgrive

domestic production.

There are many emerging lithium battery technologies, such as lithium metal ansidés bsdtefies,

silicon anodes, and next generation cathodes that promise improved performance and could potentially alter
thesupply chain landscape. For years, U.S. institutions have been at the forefront of advanced cell research,
often to see the technology purchased, sgaladd commercially deployed overseas. U.S. leadership in

R&D presents an opportunity to establismestic production of future battery technologies, thus allowing

the United States to leapfrog our competitors in the battery cost, performance, and manufacturing race. To
help organize a coordinated response across different government stakeholdpeastrtrenDof Energy

(DOE) helped establish the Federal Consortium for Advanced Batteries (FCAB), which is led by the DOE,
DOD, Department of Commerce (Commerce), and Department of State (State), and includes many
organizations across the Federal Governnidaig initiative, currently chaired by D@, work to

develop aletailed framework including performance metrics, domestic supply, and other factors for
screening emerging material supply chains for vulnerabilities and opportunities.

In the event of a supply chain disruption for any of the critical inputs that battery manufacturers rely on to
make higkcapacity batteries, the automotive industry, defense supply chain, and the power sector would
experience the most direct impactsthidie sectors rely on batteries either within critical products (e.g.,
EVs) or as a final product itself (e.g., stationary storage).

MAPPING OF THE SUPPLY CHAIN

To understand the vulnerabilities and opportunity space in the lithium battery market,chainva

segments for the lithium battery supply chain ecosystem must be defined (Figure 3). Creating a
comprehensive, coordinated approach to secure each value chain segment will help minimize the risk of
manipulation while maximizing the domestic enimionpact of each battery deployed, regardless of the end
application.

1 Raw materials production:This stage covers the production of battery materials including from brine,
clay, seawater, and rock deposits. Each deposit type has particular megtiadsidor and separating
materials, all with varying levels of economic viability based on the properties of the deposit, projection
of product yield from the deposit, and specific content purity. Almost all production of raw materials for
lithium ion latteries, apart from some lithium extraction and refinement, occurs abroad today.

T Materials purification and refinementT hi s st age, al so referred to as
of taking the raw produced materials in their base form and refining them to the constituent that is used
to make the products in the next stage. This step is especially importany iediatology because

®Center Strategic and International Studi es, AThe Comir
Vehic| eso, Scott Kennedy, November 18-nevRadithflicationshhinasp s : / / ww)
advanceslectricvehicles. Accessed April 27, 2021.
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the material purity required in batteries is high, as impurities can drastically impact the life and safety of
the end product.

The United States currently has virtually no domestic processing capacity, so the limited saw material
produced today are primarily shipped overseas for processing. China has exerted an outsized influence in this
value chain segment to create a position of strength in the supply chain for minerals even where they have
limited geologic deposits and ndtad¥antages. For instance, China is the primary global supplier of cobalt

for batteries, despite having very limited reserves, through its aggressive investment in processing capacity
coupled with foreign direct investment for ores and concentrates.

T Processed material and cell manufacturingrhis stage includes the steps of taking processed
elements and combining them for integration into a battery cell. This includes cathode and anode
powder production, electrolyte mixing, separator production, &mtbdeonductive additive production,
and electrode and cell manufacturing. This is the first step in the process where market pull begins to
significantly favor elmcation with the enproduct.

9 Pack and end use product manufacturingdattery pack arehd use product manufacturing focuses
on taking the manufactured cell and assembling it in the final battery pack assembly with the necessary
cell balancing and power electronics equipment. From there, it is integrated into the final manufacturing
step wilere the finished battery pack is integrated into an end product (e.g., an EV). The United States is
well positioned to build on stable pack manufacturing capacity within the growing battery market. For
pack manufacturing, this area has historicallyvbeea precompetitive advantage is established
between automotive original equipment manufacturers (OEMS) to integrate advanced cell technology
with proprietary data, and typically attracts the most private internal industry investment.

T End-of-life: Thisstage deals with the ecosystem around recycling or disposing of batteries after the end
of initial use. This area includes the potential second use markets for battery materials, as batteries that
are no longer suited to one application may still hesedud life in another (e.g., EV batteries may have
second life in stationary storage applications), as well as recycling into metals and materials that can be
used again in the production of new batteries. Recycling of waste product from the mgnufacturin
process (e.g., scrap) can also be used to capture materials and increase overall manufacturing efficiency.
The economics of recycling are very dependent on material composition of the battery, collection,
disassembly, storage, transportation, and giragessts. Transportation and disassembly costs
together account for over half of the -effdife costs overall, as will be laid out in later sections.

Increased recycling can decrease the need for new raw material extraction and production. Different
recycling processes reintroduce that material at different stages of the supply chain. A more robust
domestic recycling industry will be most effective at securing material supply chains if paired with growth
at various stages of manufacturing. Withfmdtprint in the earlier stages of manufacturing (including
materials processing, as well as electrode, cell, and pack manufacturing), intermediate recycled products
will be exported to markets/countries that have these capabilities.
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Figure3. LithiumBased Battery Supply Chain
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Given the reliance of each value chain segment on the preceding step, securing the supply chain from
exposure to hazards and subsequent supplgciakljng market manipulation, requires arteedd

coordinated supply chain strategy. Currently, the United States has limited raw material production capacity
and virtually no processing capacity. Without processing capacity, the United Statae érptat raw

materials produced today to foreign markets, thereby ceding not only the processing activity, but also any
geographic advantage in the cell manufacturing activity utilizing the material. Manufactured cells must then
be imported into thelnited States to support battery pack manufacturing, where the economics might
otherwise support U.S. cell assembly facilities. This current approach to the U.S. supply chain exposes the
downstream value chain to additional supply chain risk fromaheereln foreign inputs from the upstream

value chain, especially the lack of domestic processing.

The upstream value chain for lithium batteries consists of multiple elements that perform vital functions for
battery performance and constitute a majortheahaterial composition of a lithium battery. Each element

has a unique raw material input, refining need, advanced materials synthesis processing, and finished powder
or component that goes into the battery. The multitude of materials and evobupgoflese batteries

present a challenge for sustained rey@osigve recycling in particular, due to the extra cost from

separation of the various materials and the need for more advanced processing techniques. For example, the
most abundant materiallithium batteries accounts for less than 33 percent of all materials in the batteries,
compared to the historical precedent for recycling where approximately 65 percerdmd dosetedy came

from lead.



The main elements used in current andgangglithium batteries are:

T Current collec#®disminum, Copper

1 Cathode materdiatsium & and may include a combination of Nickel, Cobalt, Manganese, Iron,
Phosphorous, Aluminum, or Sulfur

1 AnodeGraphite (Carbon), Silicon, or Lithium (metallic foil)

9 Electrolytathium, Phosphorous, Fluorine

Of these, lithium, Class 1 nickel, and cobalt are considered the most critical minerals used in the production
of lithium batteries when applying the following methodology to assess the criticality ofalse materi

(1) Importandée shorterm market dependence on this element and how likely that dependence will
stay the same or improve in the future.

(2) Substitutabilityow easily an element can be replaced quickly for integration into an established
battery manfacturing line without significantly decreased performance.

(3) Potential for U.S. competithikakissod for the United States to achieve competitiveness in this
area in the future based on the current market and relative maturity to the incuembétitesta
art.

Graphite, manganese, and copper represent additional elements of note and require monitoring despite being
considered less critical than the three elements emphasized above. These additional materials have supply
chain challenges beyond the three critetésl above.

The list of battery critical materials addressed in this document differs from the Federal List of Critical

Mi ner al s. The distinctions ar e -ibrbaterg supplyghain,he aut
which requires a highconsideration and weighting for future reliance and supply chain quality measures.
There was extensive consultation with industry to arrive at these conclusions.

There are several distinctions between the methodology used to determine thiitettagtenials for

this report and that used by the Department of Interior (DOI) and interagency, of which DOE was a
membeeto develop the Federal List of Critical Minétal$he Federal list uses a sugide methodology

and generally evaluates miheommodities in the upstream supply chain. One major difference is that this
report evaluates a higher emphasis on the oqualit
The net result of the evaluation used in this report iscthsiam of class 1 nickel, andde@mphasisf

graphite and manganese as materials of greatest concern compared to other more generalized U.S.
government assessments. ddiemphasifor graphite is largely based on the growing synthetic graphite
production and price reduction domestically, as well as advancements in fundamental understanding of the
applicability of substitutes. While manganese is not produced domestically, the wide geographic distribution
and the U.S. relationships with those camafi origin make it less of a concern.

Cobalt received the | owest oqualitydé supply chain
conditions in the Democratic Republic of the Congo (DRC) and conditions surrounding cobalt refining in
China. In this approach, the country of origin for both raw materials and purification are considered, and if
either step includes more than 50 percent import reliance on a country with questionable and/or strained
relations with the United States, it issabered critical.

PYUSGS, #dADraft C®iSamimargadf Methbdolegy antl Batkgreuhd Informafidd.S. Gelogical

Survey Technical l nput Document i n Response to Secretal
https://pubs.usgs.gov/of/2018/1021/0fr20181021.pdf. Accessed 14 April 2021.
2lFederal Register, AFinal List of Critical Minerals 20]1

https://www.federalregister.gov/documents/2018/05/18/200867 /finatlist-of-critical-minerals2018. Accessed
14 April 2021.
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What does the supply chain look like?

Given the importance of lithium, Class 1 nickel, and cobalt in the production of lithium batteries, these
elements represent the emphasis of this analysis. Analysis to quantify the gbesdialaterials for
domestic extraction from both unconventional and secondary sources is currently ongoing; however, at
present, very limited commercial operations to tap these sources exist in the United States. Research,
development, and demonstrafi&D) of innovative means of processing and recycling these elements
from unconventional and secondary sources remains a top priority. In parallel with this RD&D work,
additional focuses must center on addressintenmsaneeds and addressing the dRi&:D challenges

present in the supply chain for these elements to increase economic competitiveness.

There is a consensus among automotive manufacturers, battery suppliers, and governments that sales of EVs
are poised to rapidly accelerate. Aatiesleration occurs, lack of sufficient planning could expose the

various global actors to potential material sho&agesoiding these shortages depends on the ability for

the market to anticipate material demand and the capacity of the extracliog, esxy purification

markets to meet that demand. Considering the often 5+ year development of a source for extraction,
forecasting future needs, planning for sufficient material production, and standing up operations in time to
meet demand can posgignificant challenge. The large majority of EVs use a battery chemistry of graphite
anodes and a high nickel version of nickel manganese cobalt oxide or nickel, manganese, cobalt and
aluminum cathodes, of which Class 1 purity (99.8 percent and abquékis Tablel 1 shows the

amount of each element in the cathode that is needed to electrify 20 percent and 100 percent of the U.S. light
dutyvehicle (LDVY¥ | eet ; the table also shows domestic and ¢
United States Geological Survey (USGS). This does not include the potential for recycling, which has the
potential to be an additional source of domesticiaiste

Tablel. The amounts of elements needed for EV batteries compared to the 2019 mined, global,
and domestic reserves amounts of those elefhents.

Cathode Needed Needed Material Global U.S.

element for 20% for 100% mined in reserves Reserves
EV sales EV sales 2019 (tonne) (tonne) (tonne)
(tonne) (tonney*

Nickel2> 254530 1,272,650 1,000,008° 89,000,000 110,000

(Class 1) (Class 1 &2) (Class 1 &
2)
Lithium 37,750 188,700 77,000 17,000,000 630,000
Cobalt 31,820 159,800 140,000 7,000,000 55,000

Manganese 29,660 148,300 18,500,000 810,000,000 NA

22|EA, The Role of Critical Minerals in Clean Energy Transitions, May 2021. https://www.iea.org/repemntééthe
of-critical-mineralsin-clearrenergytransitions. Accessed May 25, 2021.

Z2DOE Analysis using USGS dat a. USGS. mcg201D Qll.pdf (pidMat er i al
wret.s3uswest2.amazonaws.com)Accessed April 22, 2021.
%tonne = metric tons. DOE Analysis using USGS dat a. l

mcs2019 all.pdf (pravret.s3us-west2.amazonaws.com)Accessed 22 April 2021.
25 There is additional lithium in the electrolyte, not included herechvis typically 10perceniof the total cathode
lithium.
26 Class 1 nickel, or very high purity nickel, is the only class of nickel qualified for cathode production
97



Figure 4 shows the percentage of lithium, nickel, cobalt, and manganese mined in 2019 that would be needed
to support EV sales of 20 percent and 100 percent of U.S. LDV gales 5 Bhows the same data except

as a percentage of global reserves. As is clearly seen, lithium, cobalt, and Class 1 nickel production will need
to increase to support langgume EV production.

Figured4. Materials needed 20 percent and 100 percent (of LDV production) EV production as a
percentage of materials mined in 2019.
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Each of these critical materials faces unique challenges and opportunities. The discussion below

addresses the historic and current production, supply chain, and technology, and the proposed strategy
for addressing these selected minerals.

’DOE Analysis using USGS dat a. USGS. 209 Qllpdf(pdMat er i al
wret.s3uswest2.amazonaws.com). Accessed April 22, 2021.
2DOE Analysis using USGS data. USGS. 2019. tMaterial

wret.s3uswest2.amazonaws.com). Accessed April 22, 2021.
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NICKEL

Nickel is a mineral commodity that ultimately does not have many of the same challenges as lithium and
cobalt. While the U.S. is similarly impelraint, the primary difference stems from nickel imports originating
from a diverse set of alliedtionsd with 68 percent coming from Canada, Norway, Australia, and Finland.

The supply chain for nickel overall appears more stable than lithium and cobalt when assessed using the
metrics in the critical materials framework; however, the supplycdass 1 nickel sulfate faces more
challenges. There are market indications that there could be a large shortage of Class 1 nickefin the next 3
years. If there are opportunities for the U.S. to target one part of the battery supply chain littés/would

be the most critical to provide sharnd mediurterm supply chain stability. In contrast to cobalt, nickel
content per battery will increase in the coming years, as R&D focuseehmkélighcathodes has shown
significant and accelerated nwrcial adoption. The potential shortfall from this increase in demand poses a
supply chain risk for battery manufacturing globally, not just in the United States; given the pervasive need,
the established nickel industry is ramping up production ardgimge and the United States is falling

further behind China in this critical material.

The nickel mar ket has a high purity commodity tha
that can be targeted for strategic U.S. investmentlgut@fforts are watbordinated with allied partners

like Australia and Canada so that the United States does not establish overcapacity in this area. However,
there is urgency to developing a strategy around Class 1 nickel, as there are alrigagofattiBhinese
investments in Indonesia, home to-quarter of the overall global reserves.

Historical View:

Global nickel mine production increased from 0.92 million toetmies(Mt29 of nickel content in 1995 to
2.61 Mt in 2019. Historicallgdonesia and the Philippines were the top nickel mine producing countries.
Other notable nickel mine producing countries include Australia, Brazil, Canada, New Caledonia, and
Russi@0 For refined nickel, global production increased from approximisitedf Bickel content in 2013

to approximately 2.4 Mt in 2019, with China dominating global production from 2013 to 2019. Other
notable refined nickel producing countries include Indonesia, Japan, Russia, &hd Canada.

The United States has historicalligd on imports to meet its nickel demand. Most domestic mining and
smelting operations ceased in the late 1990s. In 2014, mining started at Eagle Mine in Michigan to produce
nickel concentrate, which was expéé&agle Mine is the only active nickile in the U.S. today, and its

lifetime is set to end in 2025. As of 2021, Carawized PolyMet Mining Corp. is fully permitted to
develop the NorthMet Mine in Minnesot a; however,
ongoing. NicKaecycling has occurred since the 1970s and still plays an important role, though it is unclear
what impact it will have on Class 1 nickel supply.

Todayods Vi ew:

In 2021, total global nickel reserves are estimated at appré4idtiadélgickel contentOf that, Indonesia

and Australia each have approximately 20 Mt, followed by Brazil at 16 Mt. The U.S. nickel deposits are small,
with low nickel content. The USGS estimates that global nickel mine production in 2020 is 2.5 Mt of nickel
content, and thahe United States produces 0.01&Mt.

Nickel is mostly used for producing stainless steel, aerospace superalloys, catalysts, and batteries. Although
stainless steel production is expected to continue to dominate global nickel demand through 28210, nickel u

29Mt = 1 million tonnes = 1 million metric tons

¥USGS AMineral Commodity Summariesdo from 1996 through t
https://www.usgs.gov/centers/nmic/minecammoditysummaries. Accessed 23 April 2021..

31Roskill. Lithium: Outlook to 2030, 17th Editior(2020). https://roskill.com/marketeport/lithium/

2USGS fAMineral Commodity Summarieso from 2014 through
https://www.usgs.gov/centers/nmic/minecammoditysummaries. Accessed 23 April 2021.

BUSGS. 2021. iMat eri al Cdpumsastys.gowperiBdicalgmacs202é/mcsZ2Dpdf 6, ht t
oc
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in the form of nickel sulfate (Ni@@or batteries is expected to play an increasingly important role. As the
industry moves away from cobalt in cathodes, the trend is to substitute it with nickel. This demand creates
supply chain challenges to pamianough nickel sulfate from Class 1 nickel sources and is the reason why
nickel is less concerning overall in the critical materials list, but more so when applied specifically to batteries.

Cathodes for lithiufion batteries use only Class 1 nickethacontains a minimum of 99.8 percent nickel.

Class 1 nickel can be processed from any input stream of nickel, but is most economical from nickel sulfide
deposits and, to a lesser extent, nickel laterites (a form of oxide). This distinctioneispadialy when

looking at the amount of nickel being produced today and how much is needed for EVs. Currently, there is
sufficient nickel in the ground to support large volume EV production, but not nearly enough processing
capacity to make the needeatbunt of Class 1 nickel.

Indonesia is expected to dominate nickel ore production through 2040. To promote its processing, Indonesia
banned nickel ore exports starting in January 2020. In response to the ban, multiple nickel refining projects
with a conbined capacity of 0.42 Mt per year as of 2020 are under construction in Indonesia, with investment
from multiple Chinese companies and one Japanese company.

Supply Chain and Technology:

Globalnickel sulfate demand is expected to increase from approximately 0.2 Mt of nickel content in 2020 to
approximately 3 Mt in 2040. Nickel sulfate production cost depends on the feedstock type and the
production region. In general, production from mattte ismost economic, followed by mixed hydroxide
precipitate production and recycling. Battery residue and scraps are expected to account for over half of the
global nickel sulfate feedstock by 2040.

Lithiumion batteries are expected to account for3fvpercent of global nickel sulfate consumption by

2030. Additionally, nickel can be recovered from unconventional and secondary sources by remediating mine
sites. For example, the Mount Storm ssnalk project in West Virginia, expected to come onialle

2021, could recover as much as 1 tpergear of nickebxide.

Substitutes:

As mentioned above, nickel is currently used in most EV battery cathodes. There is an emerging desire
among some automotive and battery companies to reduce theaimiokgt in EV battery cathodes due

to anticipated supply issues when EV sales reach tens of millions per year. DOE is planning to address the
associated R&D issues with low/no nickel cathodes in upcoming research programs. Some current and next
generabn cathodes that do not rely on nickel include LikdB®@n,O,, disordered rock salt cathode

compounds, sulfur, CgRand LiFeSiQ.

LITHIUM
Historical View:

Lithium was first discovered around 1800 and had little use outside of pharmacestieatiarglazes

until after World War |, when Germany used it in lead bearings. Lithium was first used for nuclear weapons
by the Unites States during the Cold War, leading to production during that time for strategi® purposes.
Kings Mountain, North Cdlina is a major lithium source with ore deposits. Cheapéebdsatdeposits

were discovered in South America in the B988#e Australian ore deposits of lithium made a major shift

%Mc Kinsey and Company. Basic Materials. AiThe Future ¢
https://www.mckinsey.com/~/media/McKinsey/Industries/Metals%20and%20Mining/Our%20Insights/The%20futur
€%200f%20r6kel%20A%20class%20act/The%20future%200f%20nickel%20A%20class%20act.ashx. Accessed

23 April 2021.
35U. Wietelmann and M. Steinbild, bl | mannds Encycl oped,irthedo,f20lt.ndustri al C
¥Bomgardner, Melody M. uwird | doleipanichl @ad Enginedring Neil@nudyS1,1 i t hi

2021). https://cen.acs.org/energy/enestyrage/Albemarledouble US-lithium-output/99/web/2021/01
10(



into the battery market in 2037 Today, about 89 percent of Aukralithium is shipped to China for
refining38

Todayods Vi ew:

The USGS estimates that batteries make up 71 percent ofuke Bilnium marké?. As the name

suggests, lithium is considered the only trulyapdaceable element in lithium batterigbiubi can be

recovered from lithiuroontaining ores (e.g., spodumene)lagatbrines, clays, and seawatar2021, the

USGS indicates that there are 21 million tarfrexonomical lithium reserves of varying forms. USGS uses
metric tons, or tonnefr all reserves and mining numbers. The most notable reserves are concentrated in
Chile (44 percent), Australia (22 percent), Argentina (9 percent), China (7 percent), U.S. (3.5 percent), Canada
(2.5 percent), and several other countries comprisiegniaing left (12 percent) (Figure 64efigure 6

right shows 2020 lithium extraction by codatBlobally, brines account for 66 percent of lithium resources
while ore deposits account for 26 pertgeimt2017, lithium production increased skaipk to new

Australian operations. Lithium refining into lithium carbonate and lithium hydroxide is dominated by China,
followed by Chile.

Figure6. 2020 Lithium Reserves (left) and Estimated Production4digtity: 1000 tone =
1000 metric tons)
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Brine and some ore positions are the most economical lithium 46uAd@dd lithium prices were stable
through the first half of the 2010s at around $5%D@DO0/tonne, but experienced a demand boom in 2016,

S’TUS GS. 2017. AMi neral s Year bo ok o-statidtidsagngirdormatioovww. us gs . g
BAustrade. Austr al i adon Batevye/alue Qi New Edofiomg Oppdrtunitieis form
Australiao, Page 16. https:// www.-austrade. gov. au/ Art i
lon%20Battery%20Value%20Chain%20report.pdf.aspx. Accessed, NeH25.

®USGS. 2021. AMi neral | Commodity Summaries 202106, ht
40y. Wietelmann and M. Steinbild, vl | mannés Encycl oped,ifthedo,f20l4.ndustri al Cl
“USGS. 2021. AMi neral Commodity Summaries 202106, htty
2USGS. 2021. AMi neral Commodity Summaries 202106, htty

43PW Gruber. Journal of Industrial EcologiResearch and Analysis, Global Lithium Availability: A Constraint for
Electric Vehicles?. 2011. http://litio.ipg.pt/wgontent/uploads/2018/07/Globiéthium-availability-A-Constraint
for-ElectricVehicles_2011.pdf. Accessed May 3, 2021.
4USGS. 2021AMi neral Commodity Summaries 20210, https://pub:
4Roskill. Lithium: Outlook to 2030, 17th Editior(2020). https://roskill.com/markeeport/lithium/
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causing prices teach $25,000/tontel n 2017, Australiads Greenbushes
worldwide production and leading to a price drop to $20,000#fonne.

Supply Chain and Technology:

Currently, the most economical source for lithium is from brines, patdg lin Argentina and Chile.
Economic characteristics are governed by lithium concentration, composition (i.e., the magnesium/lithium
ratio), and local climate. As noted, a large majority of lithium processing currently occurs in China, with
essentiaglinone in the United States.

In North America, the Mexicdrased Sonora clay lithium deposit, operated bylisied Gangfeng

Lithium,is currently under development, and would increase total lithium production by about 35,000 tonnes

of lithiumannually or roughl y ha#8Thoef woodadyddss tportoad u catninouna.l [
82,000 tonnes.

Additionally, the United States has seen some movement on domestic lithium projects. Deposits in Kings
Valley, Nevada (the Thacker Pass lithigosite have 2 Mt of lithium, while the Kings Mountain Belt,

North Carolina has about 2.8 Mt of lithiggnHowever, Tribes and other nearby residents have raised

concerns about the impact of the proposed development at the Kings Valley deposit ogsoultcesl r

wildlife, and water suppliésChe Thacker Pass lithium project is in the permitting process, with a recently
completed National Environmental Policy Act (NEPA) Environmental Impact Statement. Tesla has acquired
10,000 acres of lithium clay d&ts in Nevada and has plans to produce lithium hydroxide in Texas. In
Arkansas, the Smackover project (by Standard Lithium and Lanxess) forecasts up to 20,900 tonnes per year
of batteryquality lithium carbonaiel n Wy omi ng d s R o dide st&gqge weldyilked iW2013i f t ,
found lithium and estimates of 18 Mt could be over 2,000 squa¥fe RideBinto has begun production of

Class 1 lithium from mining waste at a demonstration plant in CA. The demonstration will be run in 2021
with a capacity of X6nnesper year, with plans to scale production to more than&nd@8per yea?4

COBALT

Cobalt has been essential to the introduction of the litbiubattery since lithium cobalt oxide was first
discovered in the 1970s by Nobel Laureate John Goodenough as the first crystal structure that can allow for
lithium ions to flow in and out of ithite maintaining its structure. Since then, the development and
commercialization of lithiuion batteries and almost every cathode chemistry discovered has had some

cobalt content. The primary supply chain concern with the existing cobalt supplynstérasdmbined

issues that over half of the reserves of cobalt exist in the DRC, where alleged mining and labor conditions are
well outside of international practice, and that China has a dominant position in cobalt mining and processing
of materials erdcted from the DRC. Though the United States ratkgdkilly in cobalt reserves, there is

almost 65 times more cobalt reserves in the DRC than in the United States.

46European Metals. Lithium. https://www.europeanmet.canidin/. Accessed May 3, 2021.
47 European Metals. Lithium. https://www.europeanmet.com/lithium/. Accessed May 3, 2021.

“Mi ni ng. fiGanfeng ups stake in giant Mexico |ithium cl
https://www.mining.com/ganfengignsnewjv-ageementfor-sonora/. Accessed April 14, 2021.
PUSGS. 2021. iMi neral Commodity Summaries 202106, htty

Accessed April 14, 2021
50U. Wietelmann and M. Steinbild, bl | mannds Ency c|Chgnestdyi7thedo., f20l4d.ndustri al
https://onlinelibrary.wiley.com/doi/book/10.1002/14356007. Accessed April 14, 2021.
8Hi gh Country News, Mining. AiNevada | ithium mine kicks:
2021. https://www.hcn.org/isssid3.3/indigenousaffairsmining-nevadalithium-mine-kicks-off-a-new-eraof-
westernextraction. Accessed April 14, 2021.
52NS Energy. Arkansas Smackover Lithium Project, Arkansas, USA (nsenergybusiness.com). Accessed April 14,
2021.
53Business InsiderNew Wyoming Lithium Deposit (businessinsider.com). Accessed April 14, 2021.
“Business Wire. iRi o Tinto achieves battery grade |itt
https://www.businesswire.com/news/home/20210407005321/en/. AccessedZA@21.
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Cobalt represents one of the most comprehensive ways China has gained a caivgetitiein the

critical materials landscape for batteries. China has just over 80¢8@ teserves, and only 6 times the
mining output of the United Statelsut controls 72 percent of the capacity for refinement of the 162,900

tonnes that are mad each ye&t.As a comparison, the United States has 55,000 tonnes of ¥esheves.
viability for the United States to maintain a foothold in this commaodity rests less on the potential of
individual mines, but rather in the relationship between midngfining capacity within a country or

market, as is exemplified in the success of the Chinese approach. Cobalt represents one of the examples of
why, ultimately, the United States. is unable to solve these issues with R&D alone, and whydHsre needs t
a concerted approach toward diplomatic efforts, supply chain mapping, ethical sourcing, and environmental

policy.
Historical View:

Cobalt was first produced in 1735 and was first used primarily as a colorizing agent. In the early 1900s,
research onobalt alloys was underway, and by 1941, the first turbo superchargers were produced from
cobaltbased alloys. In the 1930s, magnet applications of cobalt were also emerging. Cobalt production

generally occurs as a byproduct of other metal mining;@biger. However, cobalt was produced as a

primary product in Idaho from 1942 to 1952. Historical U.S. cobalt production has also been associated with

platinum group metals, lead, and zinc production. Pennsylvania has been a significant souiare of cobalt
U.S. domestic production, and researchers are exploring opportunities to produce cobalt from industrial
wastes, such as acid mine drainage and othemmpaoted waters, mine tailings and other mine wastes, and

coal mining waste measures.

Global colalt mine production increased from approximately 20,000 tonnes of cobalt metal content in 1970

to approximately 140,000 tonnes in 2017, while global refined cobalt production increased from
approximately 20,000 tonnes of cobalt metal content to appriyxir@@e00 tares over the same period.

The DRC dominates global cobalt mine production. Other notable cobalt mine producing countries include

Australia, Zambia, New Caledonia, Russia, and Canada. For refined cobalt, the DRC dominated global

productionfrom 1972 to 1992, while China dominated production from 2005 to 2017 due to their significant
investment in processing capacity. Other notable refined cobalt producing countries include Finland, Canada,

and Australigg
Todayods Vi ew:

In 2021, the globakserves of cobalt are estimated at 7.1 Mt, with more than 50 percent (3.6 Mt)

concentrated in the DRC. Australia has almost 20 percent (~1.4 Mt) of global cobalt reserves, with no other

country having more than 7 percent. The U.S. cobalt reseliveaigestt 0.053 MO The USGS estimates

that global cobalt mine production in 2020 is 140,006&tohcobalt content, and that 70 percent of all
mined cobalt comes from the DRC, with Russia as the next highest producer a#% percent.

“USGS 2021. AiCobalt Statistics and | nf or madtobatpdd .

Accessed May 3, 2021.
56 NREL Analysis of Data Sourced from BloombergNEF Batteries Mineral Database, Available for purchase.
Accesed March 17, 2021.

USGS 2021. iCobalt Statistics and | nf or madtobakpdd .

Accessed May 3, 2021.

8USGS 2021. AfiCobalt Statistics and I nforntiono.

cobalt.pdf. Accessed May 3, 2021.

PYUSGS. 2021. AiMi ner al htpsWpubsiusgs.gov/fernindicala/mcs2021/mesP0211pdf.

Accessed May 3, 2021.

USGS. 2021. iMi ner al Htpsioulosdisgs.gpv/periodicaisincs2@24/m&2D21 pdf |
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Although the DRC leks in the global mining of cobalt, the vast majority (72 percent) of the global cobalt
refining capacity (162,900rie## per year ) i s |l ocated in China. I n
partner for cobalt with e8pdrtsgoingto€hma. of t he DRC&s 2

Cobalt is typically recovered as a byproduct of copper or nickel production, thus making its supply partially
dependent on the demand for these other elements. At present, 52 percent of the global refined cobalt is
used for battéess2 Superalloys are also a notable competing end use for cobalt, especially in the United
States, where they accounted for 43 percent of domestic cobalt consumptidéh in 2020.

Supply Chain and Technology:

Demand for cobalt for batteries is estimated to grow from less than 0.1 Mt in 2020, ZM0(a%a'00

percent increase) in 2040, depending on how the global EV market and EV battery chemistry evolves.

Cobalt materials can be recovered from theliregpf spent batteries and catalysts. As the global EV fleet
continues to grow and the cobalt content in batteries continues to decrease, spent EV batteries and consumer
electronic batteries could become an increasingly important source for futimeppiypéd the battery

supply chain. It has been estimated that EV battery recycling alone can reduce cumulative cobalt demand for
global EV fleets through 2050 by42Z6percert

Previous cobalt mining and refining waste (e.g., tailings and skigs)tmaa potential resource for cobalt,

as 4660 percent of the ore cobalt content is estimated to be lost in the ore processing and refining processes.
Cobalt recovered from unconventional and secondary sources throughout U.S. basins, such as the
Appal@hian Basin, could be a very significant source recovered from remediation and reclamation of legacy
sites. Resource estimates are being conducted, however, in Pennsylvania, cobalt grades ré&r&f#from 200
partspermillion and a West Virginia srsaile acigminedrainage project is planning for one ton per year

of cobalt recovery. It is expected that cobalt demand can be met through a combination of increased
recycling and nemarine production.

Substitutes:

Nearly all EV battery cathodes containrabination of nickel, manganese, and cobalt. Many battery
manufacturers have ambitious goals to move t@tow cobaltcathodes. Often, this lowering of cobalt

content is achieved by substitution of more and more nickel or manganese. Itn$ iopotea however,

that cobalt provides good conductivity and structural integrity, and that higher nickel content can lead to
unstable interfaces within the battery cells, which results in poor battery life. Thus, DOE has committed to a
multiryear iniative to address the scientific and engineering issues with reducing and eliminating the cobalt in
EV batteries and has made very good progress to date. Additionally, some mediundantd heavy

applications (e.g-peises) use a cobfitte LiFePQcathale. Finally, many next generation cathode

materials are cob#iee, which is an active area of R&D being funded by DOE.

GRAPHITE

Graphite, which was the first successfully commercialized anode material farlitratteries, is still the

most widegl used material found in lithium batteries. There have been significant efforts to replace graphite
with other materials with higher energy density, such as silicon and lithium metal, but there are challenges in
these materials and the issue remainmarprongoing focus for battery R&D. The combination of

1International Trade Centre. Trade Map. Country: Congo, Partner: China, Produ@ré&$, slag and ash,
Product Code: 2605 Cobalt ores and concentrates. Trademap.org. Accessed April 30, 2021
62Green Car Congres<obalt Institute report: demand for cobalt for batteries grew at annual rate of 10 percent
between 2013 and 202@reen Car CongresMay 2021. Accessed May 25, 2021.
88USGS. 2021. AMi neral Commo d s.goypeddicalsimos202/encs20@12pdfo , ht t |
64Xu, C., Dai, Q., Gaines, L. et al. Future material demand for automotive littiised batteries. Commun Mater
1, 99 (2020). https://doi.org/10.1038/s43BMW}00095%. Accessed April 30, 2021.
85Xu, C., Dai, Q, Gaines, L. et al. Future material demand for automotive litthiased batteries. Commun Mater
1, 99 (2020). https://doi.org/10.1038/s43BMW}00095%. Accessed April 30, 2021.
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graphiteds energy density, surface stability, and
there is promise in other materials eventually replacing graphite, graphite renexsahielisp

Two types of graphite are widely used today: natural graphite and synthetic graphite. These two materials
have mostly similar properties, with a few key distinctions. Synthetic graphite typically consists of smaller
graphene planes and hastteb impurity profile. This manifests in a slight decrease (about 10 percent) in
energy density and a better lifetime performance for synthetic graphite than natural graphite. There are
performance and cost tradeoffs between the two materials apacéhedynmercial approach is to have a

blend of these two materials in the anode. Cost is roughly 50 percent higher at scale for synthetic graphite,
but these costs are rapidly decreasing. The United States is positioned as one of the leadiihg suppliers o
synthetic graphite, with a strong petrochemical refinement and production industry in place. The DOE is
also supporting R&D to convert high carbon content coal derived materials, including coal and coal refuse,
into graphite, possibly providing a sietshbstitute for use in batteries, with prices comparable to natural
graphite.

MANGANESE

Manganese producing countries are South Africa (28 percent of global supply), Australia (18 percent), Gabon
(15 percent), China (7 percent), and Brazil (6 pefdamanese, which is used most by the steel industry,

has no domestic production, and the reserves in the United States are consideregrsmbenithvhigh

extraction costs. In addition, no single country is likely to establish dominance ity thiersapganese,

due to the large geographic base and the distribution of global supply. Manganese, however, could potentially
be produced from coaldpyoducts such as agiine drainage if needed, which could provide domestic

supply. In addition, mangg@ s e can be substituted with other el en
aluminum, as illustrated by the successful deployment of the Panadeniicketobalt aluminum (NCA)
chemistry in Teslabds batteries.

COPPER

Copper is used as a curmuitector in lithiuron batteries on the anode side of cells. Copper accounts for
approximately 16 percent of the overall materials (by weight) within an individuatitbalh Chile is

the largest producer of mined copper, with Peru, Chinaadd&@e United States all contributing major
mining productiond.In 2020, China refined over 39 percent of all produced copper, with Chile, Japan,
DRC, Russia, and the United States contributing refinement production. In addition to the moderate U.S.
copper mining (1,200 tonnes) and refining (910 tonnes) production, the United States has a respectable
amount of copper reserves, with 48,000 tonnes of reserves quoted by USGS in 2020.

Concerns with copper come primarily from its use across marseanlications aside from lithidion
cells, including building construction, electrical and electronic products, transportation equipment, consumer
and general products, and industrial machinery and equipment.

The other elements found in higgpacity badties (e.g., phosphorous, sulfur, fluorine, aluminum, copper

and iron) are availalitehigh enough concentrations and in diverse enough locations that they pose less of a
potential risk in the lithiwon battery supply chain, though their supply of Clgscific supply and

demand require continued monitoring in order to understand potential risks that could arise down the line as
well as any potential opportunities for U.S. economic development.

66Gaines, L., Richa, K., & Spangenberger, J. (2018). Key issuéithfom-ion battery recycling. MRS Energy &
Sustainability, 5, E14. doi:10.1557/mre.2018.13 https://www.cambridge.org/core/journssiengyand
sustainability/article/keyssuesfor-liion-batteryrecycling/F37D3914A1F5A8FDOED3EF901664D126. Accessed
22 April 2021.
57 Mineral Commodities Summary, Copper, https://pubs.usgs.gov/periodicals/mcs2021/mosgped pdf.
Accessed 22 April 2021.
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SUBSTITUTES
Natural Graphite:

Synthetic graphite is reasingly used as a substitute for natural graphite in-ighianodes. Synthetic

graphite is a mamade graphite manufactured by high temperature processing of precursor carbon materials.
However, today, synthetic graphite costs up to 50 percent liigtevelumes than natural graphitéhile

the precursors that can be used to make synthetic graphite include petroleum, coal, or natural and synthetic
organic materials, commercially available synthetic graphite requires needle petroleum coké; which is
produced at a handful of refineries around the workhort, natural graphite widely can be replaced by
synthetic graphite in batteries, including for automotive applications, and can be made in the United States
using multiple precursors inclglsome that are widely available and some that are more limited today.

There are additional substitutes for natural graphite beyond synthetic graphite, including silicon, tin, lithium
titanate, and pure lithium metisllote that some of these substitutedms do not yet provide the

performance to make them commercially acceptable, thus further R&D is underway and they-ase not near
intermediatéerm options.For more information on silicon anodes for use in place of graphite anodes, see
the Emergingdrmologsestion.

Manganese:

As mentioned above, manganese is used in many EV battery cathodes. There is currently no concerted effort
to replace or remove manganese. In fact, manganese may emerge in next generation cells as a preferred
element giveits low cost, abundance, the fact that many mandeaseskcathodes are relatively safe. In

addition, if manganese were to become a supply chain concern, there are numerous current and next
generation cathodes that do not rely on manganese, suck@s kiitur, Cul; and LiFeSiQ.

RECYCLING

Recycling of lithiudAon batteries presents one of the major challenges and opportunities for the United

States to bolster its battery supply chain. However, the costs associatedfdith eatieries make

recycling unprofitable in many cases tddgely driven by the elemental value of the material, distance to

a recycling center, recycling center utilization, and product yield from recycling. Some of these challenges can
be addressed by promoting collection and reducing the cost of coltéctiansportation of recyclable

material, allowing the U.S. to develop commercial scale recycling capacity on par with China or the EU. In

the longeterm, new technologies will expedite-efisttive recycling.

The current lithiurion battery recyclinmethods (hydrometallurgical and pyrometallurgical) are effective
howevertheyonly enable the recovery of specific metals, and in material forms that are of |bsinglue.

these processes, the value from recyclingifiesilyi n t h e foba#t chsteéntoandkadadesser extent

its nickel, although some recyclers do recover lfhBome lithiumon battery cathode chemistries do not

have viable pathways for profitable recycling using current commercial methods (e.g., lithium iron phosphate
batteries, though these are also not widely used domestically). However, consumer electronics batteries are
profitable under most recycling processes due to their cobalt content.

To make lithiumon recycling profitable for all cathode chemistries, and to encourage industry growth, new
recycling methods must be developed. The challenges to commercially scale recycling require additional
RD&D over the coming years. For exampéggetis a potential market opportunity in direct cathode to

cathode recycling, where the cathode powder remains intact at the mixed metal and is put directly into new
batteries, but this technology is not currently market ready. Addressing profadibiliggeshhrough

RD&D will become increasingly important in the coming years, as the decreasing cost of batteries decreases

58 Study of Large Format EV Lithiuson Battery Recycling in China, Avicenne Energy for NAATBatt
International Decanmber 2018 Accessed April 15, 2021.
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front-end value, straining recycling economics by directly impacting the value captemeafidm
batteries.

Recycling Process Descriptions:

Smelting (pyrometallurgy) treats the input (batteries or black mass) as if it were an ore, exposing it to high
temperature (over 1100 to melt or burn the components of the cell. The valuable product is a mixed alloy

of cobalt, nic&l, and copper, with the lithium and aluminum material being lost to the process slag in most
cases. This type of process is commercially mature, yet energy intensive, and is used to process metals such
as iron and copper on a large scale.

Hydrometallugy, or leaching, is commercial at a large scale in China and Korea and converts a mixture of cell
chemistries into product that can be reintroduced as cathode precursors. In this process, the majority of the
battery components can be recovered as neejgbef, aluminum) or salts (lithium, nickel, cobalt,

manganese, etc.), making this a low loss process.

Direct recycling e recovery, regeneration, and reuse of battery components directly without breaking
down their chemical structurhis recyclingrocess provides the quickest pathway for cathode powder and
other materials to get back into the battery supply chain. This method of recycling is still in the R&D stage,
and additional work is needed to make direct recycling a profitable prodgateditaday, the input for

direct recycling would largely consist ofdiesteration Leaf, Volt, and Tesla models, all of which have
changed in composition and increased in energy storage capacity over time. Within this area of research,
there is sompotential in upcycling, which allows for flexibility to change the cathode composition without
being completely broken down into the constituent salts, which is considereedhm IB&dD goal in this

area.

There are many companies, both in the USitmes and abroad, using these and other technologies within
the recycling supply chain; however, it remains a challengetongeitively recover anything other than
the highvalue cobalt and nickel constituents.

Until recently, almost all the ewfdife lithiumtion batteries were from portable consumer electronic devices.
As EV deployments continue to grow, large EV batteries will dominate the suppbf-tifeenthterial (see
Figure 7).
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Figure7. Projected U.S. Batt@gmand?®
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Approximately 29,000 tons of lithium batteries were available for recycling in the United States in 2019,
nearly all from consumer electronics. The dominant cathode type in these cells was lithium ¢obalt oxide.
Manyfirms collect spent baties in the United States and direct them to appropriate recyclers. In 2019,
three firms handleabout 15 percent of the material that was available to be processed, so reports indicating
recycling rates of approximately 5 percent are incorrect. Haltleoagh some battery recycling steps
(preprocessing) occur in the United States, it is believed that nearly all the valuable materials are currently
recovered outside of the United States. Domestic economical recycling could reduce exportsote this valua
resource and increase the quantity available to the U.S. battery supply chain.

During cell manufacture, production scrap is a key source of material for feSgrhipg.epresents a

useful scalap for many recycling processes, as it can use battery materials at various levels of deconstruction
and test separation methods. Manufacturing scrap is available immediately and it is simpler to process than
spent battegis. Although it may be composed of trimmings or rejected product from several process steps, it
contains fewer components than spent batteries and has a known composition. Recovered cathode from
manufacturing scrap has been demonstrated to performmvesil cells without any processing to upgrade

it. Scrap is the initial feedstock for new North American recyclers like Redwood Mafsidds alnid

American Manganese (a Canadian. firm)

59BloombergNEF 2020Long Term Electric Vehicle Outlook 2020.
Avicenne Energy, C. Pillot.20%29be TlhehBageabyeShawt eGe
2018.
BloombergNEF 2019Long TermEnergy Storage Outlook 2019.
IEA 2020. Global EV Outlook 2020, https://www.iea.org/reports/glavadutiook2020.
"OCircular Energy Storage Research and Consulting. The LitldnrBattery Life Cycle Report 2021. London,
UK, 2020. https://circularenagystorage.com/reportsAccessed March 5, 2021.
11 v aTesla Battery Day PrevieRe d wood Materials, o YouTube video, 8:50,
2020, https://www.youtube.com/watch?v=EWRvmMFR8yKdme mark: 5:55. Accessed March 5, 2021.
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Figure8. Proportion of nickel and cobetquired for new batteries that could be met with metals
recovered from recycled battefies.
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Figure 8 presents the proportion of nickel and cobalt required for new batteries that could be met with metals
recovered from r ewgydigsteganbhastiow eickel eontent, and as Hatterycclsemistries
are moving towards higher nickel content, there will continue to be a shortfall of nickel from the recycling
stream. As new battery chemistries are adopted and domestic battery nmgnaf@ctacycling capabilities

come online, the cobalt and nickel supply chain shouléXemaed.

Recycling of manufacturing scraps could be an important step for U.S. industry. The scrap from the new and
potentially large U.S. cell manufacturingdameivailable for immediate processing, while the cells from
those factories being used in EV products would not enter the recycling stream for 10 years or more.

Factors Affecting Recycling:

The ability for the U.S. to compete in the recycling spldeegely depend on an increase in the collection
of endof-life batteries. Wiegcale collection of emd-life batteries helps secure a reliable supply of inputs
into recycling facilities, supporting high utilization that is critical to comméabiaiseeycling.

Beyond rates of collection, recyclers face cost pressures that largely stem from transporting batteries safely
long distances to a recycling center, the number of sorting and evaluationcitdifes leaiteries go

through beforeecycling, and the costs of operating the recycling process itself. The increasingly complex
disassembly required and the weight oftteste it is often transported with create additional weight and
disposal requirements. When balanced againstribatalesalue of the recoverable product coming out of

the process, small scale orstpntecycling faces significant challenges. The ability for the United States to
compete in this area will largely depend on increasing the collection of thesgdsatiiili#ation of

facilities and the predictability of the collection obéiite batteries can significantly swing the market.

2NREL Analysis in the LIBRA Model with data from the following sources:
BloombergNEF 2020Long Term Electric Vehicle Outlook 2020. Available for purchase.
Avicenne Energy, C. Pillot.2029be TeehBageatyiSeShawt e Ge
2018.
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Collection:

There are many factors impacting the collection rates for recycling. Some of these challengesdimay be solve
by new technical approaches like building collection sites that can safely store batteries and simplifying safe
packaging of those batteries for transportation as universal waste. Others may require policy work. There is
no national regulatory struador lithium batteries. Rather, states and localities have enacted a patchwork

of rules and regulations. For EVs, there is no established protocol or industry best practices on how best to
collect these batteries at end of life and transport themdygchng center; many batteries that remain in

garages and in homes are not sent for collection. Owners also cite concerns over data security of the product
or a lack of knowledge regarding proper disposal.

In the United States, the consumer owns thed&¥rlg and is responsible for it at-efitife, in contrast to

the EU, where the responsibility for proper disposition rests with the automaker. The EU model places the

di sposition requirement with the OEMicleatdiri ch mean
purchase and after warranty period. If this were incorporated in the United States, it would considerably
change the vehicle ownership | andscape, as it cou
OEM requiremenbasednodel would also require some mechanism for enforcement or validation for
companies to be in good standing on meeting recycling rates. In one alternative model being explored for use
in electric buses, the OEM leases the batteries on sold busesthed®ttesies back at eofdlife, and

develops plans to reuse them for storage in charging stations. The electric bus OEM contracts with a
recycling firm for eventual recycling of these batteries. More analysis is required to determine the overall
impad of this and other models on EV adoption, collection rates, and recycling rates, among other important
factors. As EV penetration grows, the scale of the lost opportunity will grow as well without policy support

to address current collection challenges.

Transportation of Material:

Used lithiurrion batteries are considered Class 9 hazardous material for transportation because of potential
safety risks. Shipments of materials in this class must meet special packaging requirements and are charged
higher rges. According to an analysis done by the EverBatt team (Technoeconomic Analysis/Life Cycle
Assessment model), Figure 9 left, transportation is the-lsrgasti cost in the recycling process.

Regulatory complexity causes confusion among stakehdloerseiber batteries should be treated as

hazardous waste or universal waste. In addition to policy action, future innovations could render batteries
electrochemically inert, allowing the waste todassfied as ndmzardous. This would aid inueidg

transportation costs to make the overall recycling process more profitable.

Figure9. Cost breakdown of recycling for lithiiom batteries based on 1000 miles from collection
site to the recycling centérs.
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Themportance of Exports

Without sufficient endf-life collection and recycling, the United States will lose the opportunity to convert
demand for products with batteries into a critical material supply, and will instead landfill or export the critical
materals in those batteries as waste. Additionally, while domestic recycling capacity is important, without
critical material refining and processing and battery manufacturing capacity, the captured materials from
recycling endf-life batteries will be exped for processing at foreign facilities anchperted in the form

of processed or manufactured products. As an example, though nickel sulfate is created from domestic
recycling processes todayi, it is largely exported to China since there isteengdittlo buy the product at

the scale produced by recycling in the United States.

If products containing these critical materials are exported after initial use for downcycling, there is the
potential that this increased utility on the design life pfdtiact could result in secondary environmental

effects and materials lost to landfilling. As an example, about 94,000 of the approximately 500,000 Nissan
Leafs ever produced as of 2019 were registered in Ukraine, Georgia, Jordan, New Zealamtka&hd Sri La

The practice of exporting refurbished U.S. products is common in consumer electronics. For example, used
cell phones are commonly exported farseein developing countries that ultimately might not have

sufficient infrastructure or policies arournyckng and could have negative-teng effects on material

availability.

Impact of Recycling on Supply Chain Security:

In the short term, the long lifespan of EV batteries and the scale of EV deployment to date mutes the impact
of limited domestic recling capacity. In addition, there is variability for when these batteries will reach their
endof-life that is hard to predict as well as changing demand given ongoing R&D to identify earth abundant
substitutes (e.g., for cobalt). Despite these untiegtaiecycled material can serve to buffer volume and

price instabilities. However, in the Hergn, when a large supply of EV batteries reaebfdifie, recycling

could eventually supply a significant share of critical battery material neeafsaasingatar economy.

Cell Component Market

Major battery cell components include cathodes, anodes, electrolytes, and current collectors. These
components are sealed in battery cells and placed into packs through the pack fabrication process. The
cahode and anode are the largest weight percent of the battery, comprising roughly a third of overall weight.
Binder materials and conductive additives help anodes and cathodes achieve the particle adhesion and
conductive properties necessary for batteigrpence. Lithiupon batteries comprise a class of materials

that are chosen based on various cost and performance tradeoffs. The major materials in lithium batteries
that are used commercially today are shown in Table 2.

"4The dynamics of the EV battery enftlife market, Tutorial on Zoom, Circular Energy Storage, October 22, 2020.
https://batteryrecycling.org.au/tutortde-dynamicsof-the-ev-batteryendof-life-market2/.
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Table2. Common materials and their abbreviations used in didriwalls

Cathodes

Abbreviations Full name

NMC Nickel Manganese Cobalt Oxide
NCA Nickel Cobalt Aluminum Oxide
LNMO Lithium Nickel Manganese Oxide
LMO Lithium Manganese Oxide

LCO Lithium Cobalt Oxide

LFP Lithium Iron Phosphate
Anodes

Abbreviations Full name

Si Silicon

Gr Graphite (natural and synthetic)
Electrolyte Solvents/Additives

Abbreviations Full name

EC Ethylene Carbonate

DMC Dimethyl Carbonate

DEC Diethyl Carbonate

PC Propylene Carbonate

FEC Fluoroethylene Carbonate
Electrode Binders

Abbreviations

PVDF Polyvinylidene Fluoride

Lithiunmion battery components, including anodes, cathodes, electrolytes, and separators, represent a battery
supply chain stage wherelthited States currently relies on foreign imports due to limited domestic
manufacturing capacity. Across all components, China leads the world in manufacturing capacity for anodes,
cathodes, electrolytes, and separators.

Table3. Midstream Lithiurion Battery Manufacturing: Percentage of Total Manufacturing
Capacity by Country for Various Component Manufactéiring.

Cathode Anode E'GCtTO'Y‘e Separator
. . Solution .
Manufacturing | Manufacturing . Manufacturing
Manufacturing
United States| -- 10% 2% 6%
China 42% 65% 65% 43%
Japan 33% 19% 12% 21%
Korea 15% 6% 4% 28%
Rest of World| 10% -- 17% 2%

The U.Sbased cell component manufacturing capacity that does exist is often closely trdoketedr co
with downstream manufacturing stages of cell and pack manufacturing, with high concentrations of

5 BloombergNEF, Battery Components Manufacturing Asset Map 2019, Available for purchase. Accessed March
15, 2021.
6 BloombergNEF, Battery Components Manufaatgrisset Map 2019, Available for purchase. Accessed March
15, 2021.
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production in the Midwest and Southeast regiahe dfnited StatésAlthough celocation offers many
benefits, including reduced shipping costs, most foreiged EV manufacturers maintain a more global
footprint given limited U.S. capacity today. The valudadation alone is insufficient to axane scale
and coordinated policy and investment support along the ftdlemdi battery supply chain.

Further growth of these component market sectors domestically would require the development of new
refining capacity to supply stock feeds, donlssicarced, for component production. Collaboration with
countries that produce processed cathode and anode powders, as well as electrolyte precursors, or the
establishment of those suppliers in the United States will also be essential for U.S. poydpotient In

addition, domestic development of battery recycling and recovery as well as domestic production of graphite
from coalbased secondary sources can offer feedstocks for anode and cathode production. Finally, growth
of this component sectoan be assisted by increases in the domestic upstream production of processed
cathode and anode powders, as well as electrode binder production.

The United States can also leverage leadership in R&D to establish domestic production of future
technologiesManyof these technologies require new materials, with very different processing technologies
and considerations for seafe new manufacturing techniques to build these technologies into cells, and in
some cases (such as Lithium metal), new methodsuéacture the cells themselves. This creates the
opportunity for the United States to build an intellectual property (IP) base and technical expertise to
circumvent the challenges of incumbency in batteries today.

Cell Production

Battery cells are m#factured as an intermediate good and then sold-tseltustries, which assemble
larger battery packs for insertion into EVs, stationary storage systems, and other end uses.

Cells makap over 75 percenf the average cost of BV battery pack Lithium-based batteries are made

using many cathode materials and a smaller number of anode materials, making the use of substitution a fairly
common practice based on end performance, though nearly all curreriblitbieile use anodes based on

graphtie. Common cathode materials are showahted4, with the most common being NMC.

Tabled. Typical lithiumion battery cathodweaterial$®

Short | Full Chemical Name | Chemical EV Manufacturers | Other Uses
Name Composition
LMO | Lithium Manganese | LiMn 204 Nissan, BMW Power tools,
Oxide Medical devices,
electric
powertrains
NMC | Lithium Nickel LiNixMnyCo,O. | GM, Ford, E-bikes, medical
Manganese Cobalt Volkswagen, Toyota, devices, other
Oxide Hyundai
LFP | Lithium Iron LiFePOy Mostly Chinese Electric buses
Phosphate based
NCA | Lithium Nickel Cobalt | LiNixCo/Al;O, | Tesla Tesla stationary
Aluminum Oxide applications

""BloombergNEF, Battery Components Manufacturing Asset Map 2021, Available for purchase. Accessed March
15, 2021.
Cl ean Leap, ABattery cell an/deapeapckmitlentscttysranspard7i c har act er
batterycell-andpackcostsandcharacteristics. Accessed May 4, 2021.
®PUSI TC, Office ofl dmdBRastttrdreys,MadtLaértihdlusn f or El ectric Veh
Working Paper IB068, Putished June 2020, Accessed March 15, 2021.
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Lithiumion cellmanufacturing is generally located in geographic proximity to demand, though factors such
as capacity utilization, supply chain scale and maturity, and proximity to R&D can alloogachcadl he
physical weight of lithiuron battery cells adds tsgortation costs and complexity, and issues in transport
(such as high temperature) could have negative effects on battery performance. Other items, such as the
requirement to ship batteries at 30 percent state of charge (SOC), adds additionalazaiptaeifses

costs$0 The hazards associated with lithiomcells can be mitigated, and manufacturers factor in these

costs of compliance in operations and in the design of their pack assemblies. In 2019, global battery
shipments across seven majaebamanufacturers exceeded 114 GWh, with passenger EV batteries
accounting for most shipme#its.

Component manufacturing and cell manufacturing are expected to increase inifeyrars as U.S.

demand for EVs grows. The benefits eliocation of upstream cell production supply segments remains an

open question. A variety of factors impadbcation economics including trade policy, incumbent existing
capacity (and overcapacity), transportation costs, policy mandates and incentives, technology maturity, and IP
protection policies and practices, as well as environmental policies and ehf@ceraehimport trends

suggest the United States is not harnessing the full potentiaication. The domestic market has

comprised roughly 10 percent of global EV sales sine2@®L@nd the United States has 8 percent of

global cell manufactaog capacity, but the United States maintains less than 2 percent share in the cell
processed material segments.

FigurelQ Global current and future demand of lithiambatterie&
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®EV Specifications, iBpetbfChaevi ohet aBdl PrEVeo.
https://www.evspecifications.com/en/model/18a190. Accessed April 11, 2021.
81IEAil nt ernati onal Energy Agency. AiBowngl2dRDHIO. el datnuiac y
https://www.iea.org/commentaries/haylobalelectriccarsalesdefiedcovid-19-in-202Q Accessed May 2, 2021.
Bl oomber gNEF, fA:Co2rp2an yBaPtrtoedriyl esendor so, August 13, 202
2Bl oomber gNEF, iCel | Manufacturing Interactive Database
14, 2021.
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Figurell Annual EV Sales by Regfén.
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Given the significant cost batteries represent in a completed EV and their criticality to EV programs, vehicle
OEMs negotiate with suppliers to secure EV battery supply well before announcing product plans.
Thereforeannounced domestic EV programs are a strong indication of planned EV battery manufacturing

capacity. Teslabds joint venture with Panasonic a
examples of domestic EV battery manufacturing capacityiegpganmdeet increased domestic demand.
Tesl ads | eadership has indicated publicly that it

the firm has been cell constrained to this point.

There are several battery manufacturers and startugusribaturrently have U.S. battery manufacturing

capacity but are planning to develop or are rumored to be developing EV battery manufacturing facilities in
the United States, including SVOLT Energy Technology, QuantumScape, CATL, Samsung SDI, Fisker, and
Rivian. A battery manufacturing plant requires a significant amount of capital expenditure, and without a
guaranteed buyer for its product, the investment can be risky. Hence, there is little discretionary supply in the
market.

DefenseSpecific Supply ®@ain Challenges

This section defines highpacity batteries broadly as batteries that are both an enabler of a defense mission
and a limiting factor, since those are the relevant batteries that require a secure supply chain to enable the
defense missiorkor the purposes of defense supply chain risk, the tergapigity battery is synonymous

with advanced battery.

Distinctions from Commercial Battery Market

Defensespecific supply chain risks and opportunities to address these risks differ fsommdreial

market. To meet its broad mission, DOD is a consumer of a diverse array of both primary and secondary
batteries, ranging from high volume commercial commodity cells to low volume custom cells with discrete
performance requirements. Weaponrmsyatel platform batteries require high reliability, safety,
cybersecurity, integrated monitoring, performance/advanced integrated pack design,raitid)aksngn

that do not readily conform to the commercial market. Of the many facets of suppbk¢balD®@D

batteries, the primary challenge is the frequent DOD requirement for both specialty batteries and

8Bl oomber gNEF, fAElectric VehiAprl®, 2@t.t |l ook 201906, 2019.
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configuratiorlocked batteries that are not part of larger consumer electronic and EV markets. A secure
supply chain divorced from adversarilénce is required to ensure misgggilience

A broader domestic and allied industrial base, assured material supply, and stronger R&D ecosystem would
improve the fragility of the existing defense supply chain. Similarly, the ability of DOD ta betieme

customer by standardizing batteries across defense applications to achieve larger volume and more consistent
purchases would better position DOD to leverage large domestic battery manufacturers.

Tariff Impacts on the Competitive Landscape

TheUnited States imposes a 3.4 percent import tariff on litnuoell&*and battery packsCertain

minerals needed to produce lithimm cells are also subject to tariffs. The general tariff rate for cobalt ores
and natural graphite ranges from zetwpttw 4.9 percent on artificial grap#fite Lithium oxide and

lithium carbonate face a 3.7 percent general tariff.

Cell imports (HTSUS 8507.90.8000) for use in advanced batteries typically have exceeded imports of battery
packs (HTSUS 8507.60.0010),Japdn and Korea have historically been the main suppliers of imported

cells. Yet in recent years, there has been a noticeable increase in imports of assembled battery packs. Korea
became a significant source of imports of battery packs in 2018 atib@gh 9mports of Korean packs

have subsequently fallen. In 2020 and the first quarter of 2021, U.S. imports of battery cells and packs from
the EU and China both rose significantly. In the last four quarters of data (Q2 2020 through Q1 2021),
imports d battery cells and packs reached $2.7 billion. Over the last four years, imports of battery cells and
battery packs for use in EVs have increased at a slightly faster pace than domestic production of EVs.
Further analysis is required to fully undershenitnpacts of tariff structure changesent investments

from governmentsnd othepolicy changes)cluding how these changes interactamittior
counterbalandbebenefitghat arise from locating cell manufacturing and pack fabrication near EV. demand

Battery cells and packs that meet the 0o0regional ¢
tariff-free. As a result of the Ukirea Free Trade Agreemegualifying Korean battery cells and packs
also currently enter into the United States free of any tariffs.

Tari ffs can be raised over the U.S. gener al (or
trade enforcement actions. Theshwignificant adjustment to the battery tariffs stems from the Section 301
action against China. Battery cells were part of LigtelSafction 301 tariffs, so imports of cells from

China currently face an additional 25 percent tariff on top of rer&at general tariff, for a total rate of

28.4 percerg Cobalt, nickel, and lithium imported directly from China also currently face an additional 25
percent tarif$? Battery packs from China by contrast are on List 4 and now face an addifiercrit.5

tariff.20

84 USITC, Harmonized Tariff Schedule (2021 Basic Revision 3). https://hts.usitc.gov/?query=85079080.
85USITC, Harmonized Tariff Schedule (2021 Basic Revision 3). https://hts.usitc.gov/?query=850760.
86USITC, Harmonized Tariff Schedule(21 Basic Revision 3). https://hts.usitc.gov/?query=2605000000
87USITC, Harmonized Tariff Schedule (2021 Basic Revision 3). https://hts.usitc.gov/?query=380190
88Cells are imported under Harmonized Tariff Schedule code 8507.90.80, which is includst batlthe
following: Federal Register, Vol. 83, No. 119, June 20, 2018. https://ustr.gov/sites/default/files32a83pdf.
89Federal Register, Vol. 83, No. 137, July 17, 2018. See list 3:
https://ustr.gov/sites/default/files/enforcement/301Itigasions/20180026%20China%20FRN%2a10-
2018 0.pdf
%0Batteries are imported under HTS code 8506.60, which is included on List 4 and can be viewed at the following:
Federal Register, Vol. 84, No. 161, August 20, 2019.
https://ustr.gov/sites/defaultéis/enforcement/301Investigations/Notice_of Modification_%28List_4A_and_List_4
B%29.pdf
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CURRENT RESILIENCE
Existing manufacturing capacity

Figurel2 Cell manufacturing capacities.

Cell Manufacturing Capacities by Country — Current and Projected
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Global cell manufacturing for EVs is anticipated to grow to 2,492 GWh by 2025, with U.S. capacity expected
to growto 224 GWH2 However, demand from U.S. annual sales of passenger EVs alone is projected to
surpass this anticipated 224 GWh of litiimmcell manufacturing capability in 2025. The anticipated

increase in stationary storage domestically would assendemand for lithidon batteries. It should

also be noted that this domestic battery cell capacity is typically dependent on foreign sources for battery
materials and precursors, which risk being affected by future international contrditiesandgsuch,

this domestic manufacturing capacity must be greatly expanded to develop a more resilient supply chain.

Prior to building U.S. manufacturing facilities,
July 2014, Tesla annoed@ plan to build a domestic Gigafactory with Panasonic to lower costs and meet
demand for its Model®3.Tesla continues to build additional domestic manufacturing capacity to keep up

with demand for EV batteries. In July 2020, Tesla announced that its next U.S. factory will be in Austin,
Texa®4 That factory is currently under construction and will n@ntdzEV batterie’s. While Tesla has

not officially announced the expected capacity of the factory, BMI estimated that it will have the capacity to

91" ithium-lon Battery Megafactory Assessment", Benchmark Mineral Intelligence, March 2021. Accessed April
12, 2021. Note: projected capacities vary by source/assessme
92"Lithium-lon Battery Megafactory Assessment", Benchmark Mineral Intelligence, March 2021. Accessed April
12, 2021.
S https://www.tesla.com/en_CA/blog/panaseaindteslasign-agreemengigafactory.
“The Verge, ATesl a wiild Awstlidn ,Cybexasa,cklJdme tdxy, 2020.
https://www.theverge.com/2020/7/22/21334860/teslaertruckfactory-austintexaslocationmodety. Accessed
April 14, 2021.
9% Austin AmericarSt at e s me n. ACheckamgai haonoMegd)] alevdadmséei n30,
https://www.statesman.com/story/business/technology/2020/11/30/cheéclkomgeslarsquosustinarea
factory/115074054/. Accessed April 14, 2021.
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produce® GWh by 2025 and 200 GWh by 2&3Bdditionally, in September 2020, Tesla announced a 10
GWh manfacturing facility in Fremont, California, where it was already ramping up pr&duction.

In September 2019, GM announced that they expect GM to sell one million EVs globally®&&obryear.

after, in December 2019, GM announced that it entered imb\aejdure with LG Chem to produce

batteries for upcoming GM E¥sGM also announced in January 2021 that it plans to completely phase out
internal combustion engine vehicles by POBBss than two months later, GM announced that it is

exploring a seod battery manufacturing facility with LG Energy Solutions (LGES) which may be built in
Tennessee, as well as a $4.5 billion investment to build out more U.S%8¢acitgidition, SK

Innovation (SKI) has mostly completed its first of two 10 GWimfiilon battery cell and pack

manufacturing plants in Commerce, Georgia. SKI will produce-lithibiatteries for Volkswagen Group

of Americads Modul ar Electric Drive Mals0 i x | ine f
program. Overall, thisarints for a net increase of 70GWh by 2025.

Location of manufacturing production assets and risks

In the United States, location of component manufacturing (electrodes, electrolytes, and separators), and cell
manufacturing track closely with downstream pack and EV manufacturing, demonstrating producer

preference for etocation. Today, U.S. lithition battery component manufacturing is largely concentrated

in the Midwest and Southeast regions diitfied StatesThese battery component manufactures are co

located regionally to the Appalachian and lllinois Basins, which could provide sigoificaag ieduding

synthetic graphite needed for component manufacturing from unconventional and secondaB\Vsources
manufacturers, the majority of which are for@igmed, tend to keep a global footprint. Cell manufacturing

has also largely followed do&t r eam demand centers; for example, T
proximity to Californiabds | arge demand. Demand c
promote the adoption of EVs, and to a much lesser extent, stationargtoatigey

%Tesla "Pilot" Battery Factory = 13th Largest Battery Factory in World | CleanTech@@atember 24, 20.

Accessed May 25, 2021.

l'nside EVs, ANTesla GiTypeABatimer VoCRl ddycB8u468den?0d, N
https://insideevs.com/news/453374/teglga-austind680-batterycellswhen/. Accessed April 14, 2021.

%Car and DriOvélayyin@8BMr€BE Says Company Aims to Sell 1 Mil
https://www.caranddriver.com/news/a29153501/maayragm-sellmillion-evs/. Accessed April 14, 2021.

®CNBC, @AGM, LG Chem to creat e letdcveéhiclesjtd dreate n10Mjabsin er y c
Ohi oo, December 5, 2019. h-lg-toffosm-2polintd billien -joimt-beoturefoo- m/ 2 0 1 9 /
batterycell-production.html. Accessed April 14, 2021.

IWNBC News, i-Gddtridbyg20850phasétiu gas and diesel engineso, Janua
https://www.nbcnews.com/business/autosfgorall-electric2035phaseout-gasdiesetenginesn1256055.

Accessed April 14, 2021.

YlThe Wall Street Journal, AGM Looki arch4,2021.Bui | d Second
https://www.wsj.com/articles/gApoking-to-build-seconebatteryfactoryin-u-s-11614853806. Accessed April 14,

2021.=

Reuters, GM, LG Energy Solution to build 2nd U.S. b a
Ahttps: / / wwtechnolegy/grg-erergysautionbuild-2nd-usbatteryplanttennesse021-04-16/

Accessed April 14, 2021.
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Figure 13. U.S. Battery Sttamponent Manufacturing by Location andGatmponentf?
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RISK ASSESSMENT
WEAK DOMESTIC PRODUCTION
Diminishing Manufacturing Sources and Material Shortages

A robust, secure, domestic industrial base for ad\attses requires access to a reliable supply of raw,
refined, and processed material inputs for lithium batteries. The three most critical battery raw materials
identified in the report are lithium, cobalt, and nickel. Other materials include gwpphiteand

manganese. Based on recent estimates, these materials represent around one third of the cost of a finished
lithiumrion battery pack4 Among the critical materials, lithium, cobalt, and graphite face supply constraints.
With regard to nickehccording to the USGS, there are ample reserves both globally and in the United States,
however refining capacity may lead to supply constraints. Sustainable domestic extraction from economically
viable primary and secondary sources, increased reapéloity, coordination with allies and trading

partners, and R&D to identify earth abundant substitutes can all help prevent critical material shortages. In
concert with these levers to increase critical material supply, investments and otherquofiay supp

domestic refining, processing, and manufacturing can help prevent gaps or bottlenecks in the supply chain
that can create shortages and other supply risks.

Limited domestic support

Without sufficient domestic EV demand, it remains economicdénging for U.Shased industrial

infrastructure to thrive. Since EVs account for betwegh @ércent of the lithivion cell battery use,

demand for EVs, more than other industries that rely on libwueells, is driving decisions about where to
locate battery system manufacturing, along with the corresponding supply chain. Until 2020, China was the
largest global EV market and therefore dominated the supply chain for the manufactureiaf lithium
batteries As China ramps up production capa@lynese firms may be gaining competitivetfioser

pricing advantage from economies of scale, process learning, and control of criti€iimpuedies on

massive incentives to support domestic EV manufacturing, suchlaseksaibsidies toeate demand for
domestic products, and initially a battery certification program implemented in a manner that limited market

103 BloombergNEF, Battery Components Manufacturing Asset Map, April 2020. Available for purchase. Accessed
March 15, 2021. Includes all plants annced and fully commissioned.
4spPp Global, fAWhy Lithium has Turned from Gold to Dust
https://www.spglobal.com/en/reseaticisights/articles/whylithium-hasturnedfrom-gold-to-dustfor-investors.
Accessed April 14, 2021
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access for certain foreign products. China also leads in the processing of minerals and raw materials required
in lithiumion batery manufacturing.

Europe and India are developing policy initiatives (mainly mandates and incentives) and programs to counter
Chinads | eadi nian baiterysprotiuctionnanditanlocdlize supplychains within their own

regions. Further, gesnments and companies are investing in new battery chemistries to reduce costs, limit
the use of sensitive raw material inputs, increase energy densities, and meet other needs.

Transitioning and building a skilled workforce

A skilled workforce will heeeded for extraction, processing, purification, and recycling, as well as
researching, developing, designing, manufacturing, and deploying advancead batekts of

applications, including EVs, stationary, consumer electronics, industritdnaadethication and training

will be needed across the battery ecosystem including skilled trades (e.g., machinists, welders, technicians,
operators, designers), engineers, analysts, and researchers.

The United States has a skilled workforce in thénauistry that could support the manufacture of

batteries, along with EVs. The automotive industry employs approximately two million people. Shoring up
the highcapacity battery supply chain provides opportunities to emplsiiéghautoworkers fagi

disruption in the shift to EVs, but a smooth transition is not assured without appropriate planning and
support. First, firms may fail to tap into the existing skill base. While internal combustion engine and EV
vehicles require similar amounts afiab produce according to some analyses, their content differs
substantially. However, as automakers and their suppliers retool existing facilities to produce EVs and
batteries, there is also an opportunity to implement programs and production pratessam the

existing skilled workforce. Policy support can also help address these issues, for example by incentivizing
reemployment of current powertrain workers in making EV propulsion systems at similar wages (with
retraining as necessary) anghsujmg employee rights to union representation. As the domestic supply
chain is developed and workers are trained, attention is needed to ensure equitable development of workforce
opportunitiesincluding for people of color and others who have beenida#lyy underserved, marginalized,

and adversely affected by persistent poverty and inequality.

Additionally, wages in the new battery industry jobs so far have been below those in the powertrain plants
they will replace over time. In the third quaftg0a0, employees employed in gasoline engine and parts
manufacturing and powertrain components manufacturing for motor vehicles earned $1,225 per week on
average, including any overtime, while production workers likely make closer to $925 per wegk. About
percent of motor vehicle manufacturing workers are members of labor uniessald apionized workers

earn more than $31 per hour in base pay. In contrast, the automotive battery plants that are in existence or
are advertising for production woskpay much less than existing powertrain plants, in the rang2bf $17

per hour. In addition, some existing or announced EV plants areiolon To support a sustainable

industry with a skilled and resilient workforce, OEMs should leverage anceighimgriauto industry
employees working in parts of the industry value chain that will see a transition in the coming years. This
includes through access to training and retraining support and the opportunity to unionize and collectively
bargain.

FOREIGN DEPENDENCE

Dependence on single source nation

Global production for lithium, cobalt, and graphite are primarily dependent on a single nation. Figure 14
shows that for each of these materials, a single country controls over 60 percent of the global production.
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Figurel3 Topfour producers of highest risk battery materials for mining and refinin§stages.
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infrastructure wellhead of markelrivers. In the last two years alone, Chinese companies have invested

c control

pe

heavily in this aré®. U.S. cell makers have expressed to DOE their surprise at material prices from Chinese
suppliers that are below normal market prices. The combination of mudtiplé o w
market and massive Chinese government subsidies raises trade questions.

costo

producHt

There is also widespread evidence that China is operating well outside of globally accepted practices for
international commerce. According to onenasti, much of the $100 billion in Chinese direct government
subsidies were or are available solely to Chisese firms or Chinebased productiofi? These subsidies

were also initially withheld from firms utilizing cells from febgiged firms through opaque certification
requirements. Those certification requirements also appear aimed at extracting IP on cell composition and
construction from foign-based suppliers. China has used itsssigperted position as the leading
manufacturer and consumer of lithilam cells to further limit competition in the supply chain for those

cell s.

Chi

naos

approach

Icess tg its doynesticplargely statefrmsp f

gran

making precompetitive investments in refinement capacity for materials and commodities markets,
subsidizing this capacity until demand is created, and, at times, dumping products and materials onto the
intern@ional market. China has used this market control to restrict access to materials and to inhibit the
ability of firms operating outside of China to compete. Chinese firms have also made multiple and large
investments in mining operations around the wawddsure their supply of critical materials like cobalt,

nickel, and lithium.

105(Mining) NREL Analysis. USGS Mineral Commodity Summaries 2019.
https://www.usgs.gov/centers/nmic/menezammoditysummaries. (Refining) NREL Analysis and
BloombergNEF Battery Metals Database, accessed March 7, 2021.
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Risks most likely to strain, disrupt, compromise, or eliminate the supply
Geopolitical: Export restrietisintonmental, and human rights concerns

There are severalogelitical disruptions that could interrupt the {uigipacity battery supply chain. The first

is the possibility of China restricting exports of cobalt, nickel, lithium, graphite, or finished anode or cathode
materials, for each of which China has dompmanessing capacity. China has shown a willingness to

restrict access to resources, with reductions in its exports of rare earth elements over the past ten years. Thus,
it is reasonable to expect that China could restrict exports of any or akhivéthelpply chain materials it

produces, due to trade tensions with the United States or a simple prioritization of domestic customers for its
battery materials. Alternatively, China could dump processed materials or finished anode and cathode
material®n global markets to reduce competition.

A related concern is the possibility of substandard or less advanced material being sold to U.S. cell makers by
foreign suppliers. This has been an intermittent issue with small domestic cell makers reoarithsas Ch

shifted much of its cathode production to high nickel NMC. U.S. companies have indicated that they were
supplied oOoprevious generationdé materi al as Chinabo
material for their larger volume i&se cell making clients.

Finally, human rights violations, including forced labor, and corruption are a concern in both the DRC
(where over 50 percent of the worl dds cobalt is m
including genodée and other mistreatment of minorities andfaeored political factions continues.)

Human rights violators should not be allowed to profit by accessing the U.S. market or other markets that
uphold respect for human rights. Companies or financtatimssi should increase supply chain due

diligence to identify and, as relevant, mitigate risks to links to human rights violations or corruption which

could impact supply chains. Additionally, public opinion could turn sharply against any matsrial import
associated with human rights violations or corruption, requiring U.S. manufacturers to identify other sources
for input materials.

To ensure that materials used in U.S. products employ practices that are in line with U.S. values, including
environmentgbrotection, human rights, and environmental justice at home and abroad, the U.S. can
participate in developing standards. For example, the U.S. Government participates in the International
Organization for Standardization Technical Committee (ISO/T@j@88thium and is engaged in efforts

to improve sustainability (environmental, economic, and social) in global critical material supply chains.

Market/Economic shocks

The world has experienced several market or economic shocks over the past Hexsmttes Giliprice

spi ke in the | ate 2000s. Smal l er oOirrational é pr
several years, specifically for materials like cobalt, nickel, and lithium carbonate. It seems reasonable to
anticipate futre spikes in prices as demand increases and supply might, at least temporarily, struggle to catch
up. Lithium, in particular, is currently susceptible to temporary supply shortfalls as the brine evaporation
method of producing lithium can take seveaasye significantly expand.

A second market related disruption could emerge from a tax or penalty on products whose production and
delivery entail large @@missions. If such a policy were to become widespread, prices of Chinese exports to
all customess, including in countries not imposing such penalties, could be severely impacted. For example,
EV battery materials made in China and shipped to the United States or Europe would have high CO
emissions because China uses coal as a primary eleatgeifyvhich emits more g@er MWh of energy

8 sO, A1 SO/ TC 333, Lithiumo. https://www.iso.org/comm
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than the fuel mix in the United States and Europe, and the materials must be shipped over 7,000 miles to the
United States, Europe, or other markets set to grow in the future.

Natural disaster/Climate shocks

Further study is required to assess the global climate vulnerabilities of the advanced battery supply chain.
From sea level rise to extreme heat to more frequent and severe extreme weather events, there is significant
potential for parts of the supply chaiftbe exposed to this risk. Additionally, policies that promote climate

risk assessment and disclosure from actors along the supply chain (and for all supply chains) can increase
awareness of the exposure to climate shocks and prompt appropriateninmegsilence and adaptation
strategies.

Supply chain disruptions can be caused by a number of factors, including natural disasters and pandemics.
One example of such disrupting factors is the C&@Ipandemic, which is likely to have a prolonged

effct on many markets and manuf alidhiumionbatgery sect or s . C
manufacturing supply chain led to significant worldwide effects during the onset of tha €@ari@emic,

with complete shutdowns during the first few montliseo€OVID-19 pandemic leading to a halt of many
manufacturing plants, including those held by CATL and®¥Dring the pandemic, North American

lithiumrion battery manufacturers implemented plans to limit impacts on their supply chains from products
comng out of China amid widespread shutdowns. These changes led to temporary production shifts from
China to Japan and South Korea for some ifiglrisaddition to manufacturing, COVAI® had a

significant effect on upstream minerals production and &itaifabi

TheCOVID19 pandemicds rippling ef fienddtterysapplyahainst i cal m
highlight the risks of nediiversified market streams. Risk mitigation strategies and a renewed focus by the
United States on diversifying arduring the supply chains for lithiom batteries are critical for

widespread clean energy development domestically. Focusing on increasing sources for critical minerals and
ramping up North American manufacturing could result in fewer disruptiogsaturie worldwide crises.

GLOBAL FOOTPRINT

China, India, and the EU have all outlined-leigdl plans to incentivize domestic advanced battery
manufacturing and demand. Similarly, Australia and Finland are seeking opportunities to develop their
battey industries and leverage their domestic natural resources. In contrast, the United States lacks a
comprehensive strategy to incentivize investment in the industry. Some U.S. states have discrete policies to
incentivize demand for EVs and/or statiorsioyage and policies aimed at improving the general business
climate, but policies do not exist that target théoemad advanced battery industry in a coordinated way

that can support U.S. leadership in the advanced battery supply chain like ngéolyabiflayers have.

AUSTRALIA

Despite significant natural resource endowments of Wvattédegl materials, Australia has not yet developed

a broader ecosystem for advanced batteries. Australian state governments have introduced incentives to
support tke development of local battery industries, but the Australian Government has not yet developed a
comprehensive national strategy to develop a domestic battery industry.

Australia has an abundance of key commodities needed to produce advanced bdatsrigisiusacnickel,
vanadium, graphite, manganese, and alumina. These commodities require processing, however, before

09pyatkin, B., Meng, Y.S. COVIEL9 disrupts battery materials and manufacture supply chains, but outlook
remains strong. MRS Bulletin 45, 7002 (2020). https://doi.org/10.1557/mrs.2020.239
10Dyatkin, B., Meng, Y.S. COVIEL9 disrupts battery materiasid manufacture supply chains, but outlook
remains strong. MRS Bulletin 45, 702 (2020). https://doi.org/10.1557/mrs.2020.239
HIEATI nt ernati onal Energy Agency. -19 drisisiwidl ased reliable sugpliespr ogr e ¢
of critica | mi ner al s oiea.org/dfteclgs/cléapnergyprdgiessafterthe-covid-19-crisis-will -need
reliablesuppliesof-critical-minerals. Accessed May 3, 2021.
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becoming battery materigbsAustralia currently has no commercial production of Class 1 chemicals or
battery precursors. Austral@nahas no cell manufacturing, but it does have an active battery pack assembly
industry. Australia only recycles two percent of its litbiubatteries, and its recycling processes typically
disassemble and homogenize materials for export to ptabsesdik, which have developed battery

recycling capabilities.

Australia currently lacks battspgcific initiatives at the national level. A recent report noted that the 59
major policies, grants, and programs applicable to battery industriesgpécalblte to broader industries,
including mining or manufacturiigSeveral Australian state governments include policies to support
increased demand for batteries in theirlgtageenergy policies, however, primarily in Western Australia.

The UnitedStates counts Australia as one of its partners in the Energy Resource Governance Initiative
(ERGI). There are already science and technology level engagements with Australia as well as shared best
practices in the mining sector.

CHINA

China maintains #&sificant position in the global supply chain for advanced batteries from refining all the
way though downstream battery cell manufacturing, despite producing only 23 percent of global supply for
battery raw materials according to Benchmark Minerdigdntad (Figure 15).

Figurel4 Chinads share of bdadttery product

China's share of production % in full year 2019*

Upstream | Mining Mid Stream Mid Stream Downstream
Chemical Refining Cathode & Anodes Lithium ion Battery Cells
*Lithium, Cobalt, Nickel, Graphste, Manganese, Cathode, Anode, Cells accountad for In calculations Source: Banchmark Mineral Intelligence
Chinads dominance i n t hestrdarma antd downstreanmpdodustionr. Chinese f oc u
chemical production of Class 1 raaterials stood at 80 percent of total global output iH2018ina is
the worl dds major processor of | ithium carbonate
manganese refining, and uncoat e dofteegxlmemical coradrsionsr a p h i
2Ar gus Medi a, AAustraliads downstream |lithium sector t
https://www.argusmedia.com/en/news/21892R6traliasdownstrearithium-sectortakesshape
I3Australian GovernmerntDe part ment of I ndustry, Science, Energy, an
Battery I ndustrieso. Bustoed CRCe Https//bicrc.dom.auwp ut ur e Battery |
content/uploads/2020/10/2I0191 MR_REPORT_FBICRGStateOfPlayBattery WEB_201002.pdf. Accessed
May 3, 2021.

14Mi ning.com, fAChinads grip on battery metals- supply <ch
chinasgrip-on-batterymetalssupplychain. Accessed May 3, 2021.
Benchmark Minerals Intelligence, fiChina Controls Sway
Cathode and Anode Productiono. May 6 ,edHpZitinacontrdist t ps: / / w)
swayof-electricvehiclepowerthroughbatterychemicalscathodeandanodeproduction/. Accessed May 3, 2021.
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needed to produce batteries has ensured that the global supply of battery raw materials flows to China for
valueadded production.

China has identified what it refers to as new energy vehicles (NEV), largely synonymouarith EVSs,
electrical grid equipment (e.g., electricity grid
including oMade in China 20256 and o0Strategic Eme
NEVs and electrical grid equiprhare priorities to develop locally or purchase relevant technologies from
abroad. In pursuit of this goal, China has created a range of policies to assist Chinese vehicle enterprises and
energy companies to develop or acquire technologies and lacalfaetoring in Chiriéé These include a

battery certification program that has been used to bar or hinder advanced batteries produced by foreign
owned firms from participating in its EV market or benefitting from various incentives. While China has
highproduction levels of lithivion battery cells, a substantial proportion of the production to date has been
lower quality, although the quality is improving ovetiime.

Beginning in 2010, Chinads centr al legebsubsidymfmgtat pr o
$8,700 to reduce the purchase price to consumers. These subsidies were set to expire in 2020 but were
extended to the end of 2022, though they will be gradually reduced. Semesdgovernments also

offered additional subsigieElectric buses received subsidies of up to $87,000 and frequently benefitted

from local subsidies. Eligibility for these subsidies was limited to vehicles included in a catalogue of approved
vehicles maintained by the Ministry of Industry and InfemiBechnology (MIIT). Initially, mostly

vehicles made in China were included in this catalogue; imported vehicles did not receivethe subsidy.
Some Chinese cities also waive sales and usage ta

city license plate lotteries, meaning they can be purchased and registered by consumers withddg long delays.
120121122

From 2015 to 2018, China introduced a series of measures that linked these subsidies to the use of
domesticallynade battery cells arsjuired a transition to productiorcivuntry by vehicle manufacturers
operating in the Chinese ma#RefThis resulted in significant loss of business for U.S. and other non

Chinese cell manufacturers and factored into future manufacturing plant Ogaisidtirsational firmi4
125

WCsS| S, fAiChinads ExpEmsi gy Gambdlee odh, Ndaw ember 6, 2018.
https://www.csis.org/analysis/chinaisky-drive-new-energyvehicles. Accessed May 3, 2021.

117Benchmark Minerals defines production quality capabilities based on atigmed: system. Production in the

United States, the EU, Japan, and Korea occurs from tier one suppliers who can supply global manufacturers. About

a third of Cisconsaldres tigp ttvaowhichccaniomynsupport cars sold in China. Another third (tier

three) quality is too low support automotive use. Tesla selection of CATL as the battery manufacturer to provide

cells for one of its vehicle variants made in China destrates the growing capability of Chinese cell suppliers.

18CsS1 S, AChinabs Exp€Enseirgy Sambcéeso, N&lwvember 6, 2018.
9-10 of report. https://www.csis.org/analysis/chinasky-drive-newenergyvehicles. Acessed May 3, 2021.

119The policies vary by city. For instance, Beijing still has a quota for NEVs, but it is separate and larger than the

guota for combustion vehicles.

2Gasgoo, China Automotive News. iChi naghtomR@lLtoces purc
20220, April 22, 2020. http:// autonews. gasgoo.com/ new.
IEl ectrive, AChina to remove quotas on |licence plates
https://www.electrive.com/2019/06/09/chitmlift -quatason-newlicenceplates/, Accessed April 14, 2021.

122Gl obal Times, @ABeijing to release new |license plate |

https://www.globaltimes.cn/content/1190224.shtml#:~:text=The%20government%200f%20Beijing%200n,acceptan
ce%?20rate%20fé620the%20households. Accessed April 14, 2021.
25Cs1 S, AChinabdés Exp€nsergy SYambkcéeso, Nlwvember 6, 2018.
https://www.csis.org/analysis/chinaisky-drive-new-energyvehicles Accessed May 3, 2021.
22Cs1 S, AChinabds Exp€nsergy Saembkcéeso, Nlwvember 6, 2018.
9-10 of report. https://www.csis.org/analysis/chinasky-drive-newenergyvehicles. Accessed May 3, 2021.
125For example, Tesla has recently startedufiacturing operations in China. In addition to Tesla Model 3 sales
from the new Shanghai facility, which opened days bef ol
also begin production in the 4th quarter of 2020. As a result, theyigraliuced Model 3s no longer face Chinese
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Recent policy goals aim for EVs to constitute at least 25 percent of the Chinese marketif loyt2625.

area of electric buses, China dwarfs the rest of the world for many reasons, including generous government
subsidieand regulatory incentives for both producers and ené r s . I n 2018, Chinads
comprised 421,000 out of a total global fleet of 425,000. By comparison, the U.S. electric bus fleet in 2018
totaled 300 vehicl&s. Enabled by subsidies,i@#sebased bus manufacturer BYD dominates the global

marketi28 BYD has opened facilities around the globe, including in the United States, where it is competing
with less established market competitors for electric bugis¥#les.

China has for several giedominated the global EV market. After major reductions in the previously

mentioned consumer subsidies at the beginning of July, Chinese sales declined slightly in 2019 to 1.1 million
vehicleg31132133 By 2019, the global EV market had swelled to 2dnmifiits annually, with over 50

percent of sales in Chit&aCOVID-19 negatively affected many vehicle markets around the world in 2020.

Yet, despite a 4 percent fall in total Chinese vehicle sales for the year, Chinese 2020 EV sales rose roughly 12
per@nt to 1.2 million vehicles. But due to growth in European EV sales, Chinese demand accounted for a
lower percentage of 2020 global EV sales than in 2019 at around 39p&teent.

import tariffs and are eligible for Chinese subsidies. The Model Y will enjoy the same benefits, which will likely
result in significantly higher sales given the competitiveness of the Model 3 in the Chineseah#skpreviously
higher price points.
2%Reuters, AChina wants new energy vehicle sales in 202
https://www.reuters.com/articleAghinaautoselectric/chinawantsnew-energyvehicle salesin-2025to-be-25-of-
all-carsalesidUSKBN1Y70BN. Accessed May 3, 2021.
27Bl oomberg, fAThe U.S. Has a Fleet of 300 Electric Bus
https://www.bloomberg.com/news/articles/2609 15/in-shift-to-electricbusit-s-chinaaheadof-u-s-421-000-to-
300. Accessed May 3, 2021.
2Fortune, A13 years after investing in an obscure Chin
March 2, 2021. Investors in BYD are global. For example, Berkshire Hathaway Inc. purchased is nalerequiv
to approximately 25 percent of the stock in 2008.
https://fortune.com/2021/03/02/warrbnffett-investmentsberkshirehathawaybyd/. Accessed May 25, 2021.
129BYD has electric bus manufacturing sites in California, France, Hungary, and a JWinitide Kingdom.
CV News, AiBYD Opens New EIl ectr i c BBRapensrew electiictoys facility Hu n g a
in Hungaryi CV news Accessed May 25, 2021.
BYD North America Company Profile | Recycling Product Newgcessed May 25, 2021.
BYD Europe Accessed May 25, 2021.
¥Think Progress, AThe BuwsdChieat woanoe bapgr24, ERPGLEOricity
https://thinkprogress.org/electiimisesoutselldieselchina/. Accessed March 31, 2021.
Blnternational Councilon Cleahr anspor t at i o rChina Aihoundecdt2919 Sybsidies fer newi
Vehi cl e $itfps:/theicctloy/sites/default/files/publications/ICCT_China_Nev_Subsidy 20190618.pdf
Accessed March 31, 2021.
132BloombergNEF, Electric Vehicle Outlook 2020, Irgetive Dataset, April 2020. Available for purchase.
Accessed March 31, 2021.
IBEV purchase subsidies were cut by approximately 50 percent on June 26, 2019. In addition, vehicles with ranges
below 250 kilometers (155 miles) per charge no longer qualihe reduction in subsidies led to a substantial
slowdown in Chinese EV sales beginning in August. EV sales appeared to stabilize and return to growth by
December 2019.
134Global EV Outlook 2020. Technology report, June 2020. https://www.iea.org/rgpaists/ev-outlook-2020.
Accessed April 27, 2021.
BEV Vol umes, -i mGIVethdlcl Rl Bl es Reached over 3,2 Million
ABEV+PHEV Sales and % -vBumescbny dccesded Mapcls 31,/202vww . e v
136BloombergNE, Electric Vehicle Outlook 2020, Interactive Dataset, April 2020. Available for purchase.
Accessed March 31, 2021.
BBl oomberg, ABuyers Snapping Up New Cars, Even | f They
https://www.bloomberg.com/news/articles/262331/buyersare-snappingup-new-carsevenif -they-re-the-wrong
color. Accessed April 24, 2021.
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EUROPE

The EU has prioritized battery supply chains under the Eu@peammi s si onds i ndustri al
European Battery Alliance, which | aunched in 2017
to create a competitive manufacturing value chain in Europe with sustainable battery cells at its core. T
prevent a technological dependence on our competitors and capitalize on the job, growth and investment
potential of batteries, Eu3® dhp aliaritecsatdda strategic planffoa s t i
realizing these goals that seeksciredattery manufacturing and access to critical materials across the

entire supply chain.

I n December 2019, the EU stated the battery secto
fund topromote R&D of batteries to increase Europesmagjtompetitiveness. The fund is slated to be

completed by 2031 and an initial $3.5 billion was provided by seven countries: Belgium, Finland, France,
Germany, Italy, Poland, and Sweden. The EU is anticipating this fund will catalyze approxibilitely $5.5

in private sector investment in the region, while leveraging 17 direct participants including BASF, BMW,

Opel, and Varta.

The impacts of COVID were also felt in the European auto market. Overall, 2020 European vehicle sales
were down roughly 20rgent for the yea# 140 However, plugn vehicle sales were up 137 percent in 2020
over 2019 sales. EV sales also hit record highs as a portion of sales at over 10 percent of total LDV sales.
The European market thus overtook China for total EV séhes.8vimillion units sold in 2020.

Increased sales are the result of a number of policy measures incentivizing EV sales that are administered at
the both the EU and memkstiate leveéti The most impactful European policy measure for stimulating

market dmand and attracting manufacturing in the region began this year, when regulations requiring 95
percent of an automakero6s fleet to emit no more t
effectl42143 Steep norwompliance fines are driving automatikespeed up the electrification of their lineups

by offering more gasolhedectric hybrids and cars powered by batttiésNew models will be produced

BEuropean Commission, European Battery Alliance, AANnnNe
European Parliament, the Council, the Eurofeeonomic and Social Committee and the Committee of the
Regi onso, Brussel s, 17.5.2018 COM(2018) 293 final ANNE
https://ec.europa.eu/transport/sites/transport/filesA3obility-pack/com2018029annex2_en.pdf Accessed April
27, 2021.
P¥EVSd es Bl og@P3»s2020 iVdl es by O hiipdevsasbiogspoecom/Z000/10/2 0 2 0 .
Accessed April 27, 2021.
Bl oombersONEF t@®Y 2021 Electrified Transport Market Out
2021.
11For example, EY are exempt from purchase taxes including a 25 percent value added tax on purchases in
Norway. As a result, Norway leads the world in EV sales as a percentage of passenger vehicle sales with over 50
percent of new vehicle sales being EVs. In the Nedhdd, EVs have no road tax for 5 years, are exempt from the
l uxury car tax which can range from a few hundred to o
lower income tax on company cars provided for private use. Inthe UK, tax ctiangempany cars resulted in
EV sales to be up a 145 percent with a market share of nearly six percent. In France, EV sales were up 400 percent
in January 2020 with an 11 percent market share. Although these rates are unlikely to be sustained itrdBesnce,
signal strong growth.
2Bl oomberg, AEurope's Tough Emissions Rules Come With
https://www.bloomberg.com/news/articles/260826/europes-toughnewemissionsrulescomewith-39-billion-
threat. Accessed April 22021.
143This policy is further phased, so that in 2021, the whole fleet must achieve the same level. Automakers can
average fleet emissions and mitigate penalties during a{ohaseiod. Cars that emit less than 50 grams of CO
per kilometer will counfor two cars in 2020.
144 Approximately $106 per gram G@or each car over the target.
145 Estimates suggest that the availability of plngnodels will increase by around 40 percent.
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in high volumes, including vehicles such as Vol ks
improved capabilities, such as faster charging or longer range, or loW#&rtosts.

FINLAND

Like Australia, Finland possesses significant natural resources oélzdttieénpaterials, such as nickel,

cobalt, and lithium. Beyond resource endowmemnitgndrihas refining capacity for nickel, cobalt, and

copperl48 In contrast to Australia, Finland has access to a much larger market foelzatemroducts,

due to Finlandds proximity to t hestate.uFinladpseseekingmar k et
to position itself as a key supplier in the Europ
Ministry of Economic Affairs and Employment released its National Battery Stratégy 2021.

Finland seeks to leverage its experiencaiimgnaind refining its mineral reserves to position itself as a
sustainabl e supplier to Europe. Finlandds nation
battery materials; (2) advanced battery materials; (3) battery and produnctiogi¢sc and (4) solutions.

INDIA

India aspires to serve as a global leader in the deployment and manufacturing of battery energy storage
system&00n November 11, 2020, the Government of India (GOI) approved a Produickied

Incentives (PLIprogram of approximately $27 billion over five years for ten key sectors, which is intended

to encourage domestic manufacturing, reduce imports, and generate emgldyrmaenogram provides

nearly $2.5 billion in incentives for Advance ChemistnACEl) battery manufacturing to encourage large
domestic and international players to establish competitive ACC battery infrastructure in the country. This
area represents one of the largest economic opportunities of théinstemiytury for several gl growth

sectors, including consumer electronics, EVs, and renewable energy. Elaborating on the decision, Finance
Minister Nirmala Sitharaman said the incentives for manufacturers will help the country move towards the
objecti-Rel banlihBlddn01% thedGOI established the National Mission on
Transformative Mobility and Batt e#¥indiSisleveragng under
its central, stat@wvned Energy Efficiency Services Limited (EESL) to serve as thepleadirey of

technologies for the Indian market (e.g., EVs and charging infrastructure). EESL aggregates purchases of
statelevel electric utilities to tender lasgale procurements. Additionally, this-stateed enterprise has

partnered with a Unitedingdom firm to invest in global projects, including a $12 million investment in a
battery project in Ontario, Cana@andian firm Greenko Energy Holdings also emerged in November

146Road and Tr ack, fi2020 Vol kswagen | D.3 Electric Hatch
2019. https://www.roadandtrack.com/nears/a28968767/202blkswagerid3-electrichatchpicturesrange
specsinfo-price/. Accessed April 27, 2021.
147Aut o Express, AVol kswa@glkho!l D. Bt vps Vbl wewagethoexpr ess.
golf/107409/volkswageid3-vs-volkswagere-golf. Accessed April 27, 2021.
148B1 oomber gNEF, fAFinl andds -iBneatterpsupply chairea mkni BNEFO6s | it hi
https://www.bnef.com/shorts/10129Accessed April 27, 2021.
149Business Finland, NATIONAL BATTERY STRATEGY: A FRAMEWORK FOR A COMPETITIVE AND
SUSTAINABLE BATTERY INDUSTRY, March 2, 2021. https://www.businessfinland.fi/en/whats
new/news/2021/natnalbatterystrategya-frameworkfor-a-competitiveand-sustainabléatteryindustry
150https://niti.gov.in/writereaddata/files/document_publication/IFgieergyStorageMission.pdf Accessed April
27, 2021.
151P1 B Del hi, fACabinet lkeopr®eactsorPdIf &rc hermean oi Mg |
and Enhancing ExporisAt mani r bhar Bharato, https://pib.gov.i
Accessed April 27, 2021.
152PM India, https://www.pmindia.gov.in/en/news_updates/cakapgtovesnationatmissioron-transformative
mobility-and-batterystorage/. Accessed April 27, 2021.
153The GOl is in the process of consolidating the National Mission on Transformative Mobility and Battery
Storage and the National Mission on Energy Storaggdted at grid storage) into one cohesive strategy.
154 Energy Storage News, https://www.enegigrage.news/news/indiagovernmenbackedjv-investsus12min-
ontaricbatteryproject. Accessed April 27, 2021.
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2020 as the preferred buyer for U.S. company NEC Energy Solutionsphdbilih tights for megawatt
scale lithiurion batterie&ss

JAPAN AND SOUTH KOREA

Japanese and South Korean manufacturers are involved in most battery cell production investments outside
of the Chinese market. Their domestic EV markets are not driviagtsaillgatowth, so most of their new

cell production investments to this point are not occurring within Japan or Korea. Instead, investments are
occurring in the larger Chinese, European, and North American markets. However, Japan doubled its EV
purchaséncentive to approximately $7,700 (¥800,000) per vehicle in December 2020, which should lead to
increased sales in the Japanese rhi&k&he Government of Japan also recently announced plans to ban
gasolinenly car sales by the rR2i030s. Likewise, inly 2020, Korea extended its EV subsidies tot¥025.

DEFENSE PARTNERSHIPS
Five Eyes (FVEY) and The Technical Cooperation Program (TTCP)

The multilateral alliance between Australia, Canada, New Zealand, the United Kingdom, and the United
States represents an enduring and stable alliance that serves the interests of U.S national security. TTCP
provides mechanisms for cooperation on defetisace, and technology concerns. However, the FVEY

also participate collectively in other related defense activities such as ABCA Armies, Air and Space
Interoperability Council, AUSCANNZUKUS (navies), FVEY (intelligence), and the UKUSA agreement.

The nultilateral and enduring nature of these collaborations suggest that partnerships for supply chain
security within the FVEY are low risk, and the groundwork for mechanisms to engage in partnerships already
exist.

OTHERS

Through the ERGI, led by State, #mgl defense community, partnerships exist with Botswana, Canada,
Peru, New Zealand, and the United Kingdom. These partnerships present an opportunity to be expanded to
the battery ecosystem.

OPPORTUNITIES & CHALLENGES
NATIONAL SECURITY

In addition to he economic imperative for a competitive EV and advanced battery sector, DOD requires
reliable, secure, and advanced energy storage technologies to support critical missions carried out by joint
forces, contingency bases, and military installations.withdadreasing kinetic and rkinetic threats,

DOD is shifting toward more distributed, austere, and autonomous operational concepts carried out by
platforms and installations with escalating power requirements. As such, DOD prefers domestitally source
high-density energy storage to support agile forces utilizinglnmgey propulsion, communications,

sensors, and weapons. However, the DOD supply chain is challenged due to the unique nature of batteries
for weapons systems, as well as constitutipg small percentage of the larger commercial market for
advanced batteries. As advanced litldarbatteries become strategically important, so too do assured
sources of critical minerals and materials needed to sustain a robust and resiliemdistrédtbase.

Given the importance of lithium batteries to the warfighter, assured sources of critical minerals and materials
and both domestic and allied capability for lithium cell and battery manufacturing are critical to U.S. national
security.The supply chain security of minerals, materials, cells, and battery components is of concern today.

1551 jvemint, https://www.livemint.com/industry/engy/greenkeemergesreferredbuyerfor-neccorp-s-us-unit-
for-300-million-11606202343984.html Accessed April 27, 2021.
% nside EVs, o0 Japan DoulElest3iltsiChirsed, OmtPRPIpsg//insidee
doublessubsidieson-plugins/. Accessed April 27, 2021.
BPul se News, fAKorea to extend subsidiesJuliyb/r20.] ectric c
https://pulsenews.co.kr/view.php?year=2020&n0=7333A&cessed April 27, 2021.
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Yet the rising demand and diversity of applications for lithium battery technologies within DOD, the
decreasing role of defense in driving commerdiainitfattery markets, and the prominence of adversary
influence over supply make the future strategic concern even graver. To meet surface, undersea, space, air,

and ground operational requirements, DOD will need reliable and secure advanced stdoagestéichno
15916Q 161 162 163 164

Authorities

Available authorities to direct defense acquisition or influence domestic industry in the interest of national
security include the Industrial Base Analysis and Sustainment (IBAS) and Manufacturing Technology
programainder Title 10 U.S.C., the Defense Production Act (DPA), the Buy American Act, and the National
Defense Stockpiling (NDS) Act under Title 50 U.S.C. In addition, the Committee on Foreign Investment in
the United States (CFIUS) reviews certain indivadaagr investment transactions for national security risk,
including transactions involving critical supply chains, and addresses such risk in the context of each specific
transaction.

The IBAS program is dedicated to ensuring that DOD is positionedg@fiectively and efficiently

address industrial base issues and support the National Security Innovation Base. The IBAS program,
directed in Title 10 U.S.C. Section 2508, is one of the key analysis and investment tools of the Industrial
Policy office.IBAS identified the erosion of the U.S. rechargeable amdamangeable battery industry as a
concern in the FY20 Industrial Capabilities Report to Congress, yet industrial baselafottave been
uncoordinated across DOD and the Federal Govetrand inefficient due to the lack of D@ide

visibility into battery use and fielding requirements.

The Buy American Act, 41 U.S.C. 8301, and similar provisions in 10 U.S.C. 2533b and 10 U.S.C. 2533c,
place restrictions on end items and componentaiging foreign specialty metals. Together, these

provisions aim to limit the presence of foremurced materials and products. However, the imperatives of
mission requirements and cost, and the-eftall percentage that a battery representevem@il system,

have limited the effectiveness of these authorities in fostering a domestic industrial base for advanced
batteries.

CFIUS, operating pursuant to Section 721 of the DPA and regulations of chapter VIII of the Code of Federal
Regulations, Tél31, is the interagency committee authorized to review certain transactions involving foreign
investment in the United States in order to determine the effect of those transactions on U.S. national
security. CFIUS review is generally a voluntary ptboaghy some transactions are subject to a mandatory
filing requirement. CFIUS relies on the expertise of its member agencies, including DOD, in reviewing
individual transactions for national security considerations.

The NDS Act authorizes the Prestderdetermine which materials are strategic and critical for the purposes
of national defense. The Defense Logistics Agency Strategic Materi@jpkdvides operational

158 Assessing and Strengthening the Manufacturing and Defense Industrial Base and Supply Chain Resiliency of
the United States. September, 2018. Accessed29a021.
159 Offshore Battery Production Poses Problems for Military (nationaldefensemagazine.org). November 18, 2018.
Accessed May 25, 2021.
160Evaluation of DoD Contracting Officer Actions on Questioned Direct Costs (Project no. IDZXHOCF
0130.000) (defense.gov) April 23, 2019. Accessed May 25, 2021.
161US Navy Electric Ship Program Office Presentation, April 23, 2019.
https://ests19.mit.ed2019 ESTS_Program.pdf. Accessed May 25, 2021.
162Industry White Paper: Industry Perspective on the Ameridade and Defense Industrial Base regarding
Lithium lon Batteries and Technology, May 3, 2019. Accessed April 14, 2021.
163FP Analytics Testimony U.S Senate Committee on Energy and Natural Resources, September 17, 2019.
Hearings- U.S. Senate Committee on Energy and Natural Resources. Accessed April 14, 2021.
164 Benchmark Mineral Intelligence TestimohyJS Senate Committee on Energy & Naturat®eces
Committee. February 5, 2019. 6A3B3ABA72-4DC38342F6A7BI9B33FEF (senate.gov). Accessed April 14,
2021.
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oversight and is the field operator for the NDS Program. In this capacit$Magsesses the supply

chains for a large and growing number of materials needed by the United States to produce goods and
services for national defense and the essential civilian economy. Materials selected for study in the NDS
Progr ambds Iciaral €niticallMaterfals Report ® gongress on Stockpile Requirements
(Requirements Report) must pass through a rigoroudridatascreening process that evaluates several
variables including production concentration, market growth, and import ililynerab

The Requirements Report models material demand and supply against a declared national emergency
consisting of a conflict with a ne@aer and an attack on the homeland. During the postulated national
emergency, supplies of materials from unredialotgries are decremented either in part or in whole. These
supply restrictions combined with elevated demands for materials can lead to potential shortfalls. Materials
that present as potential shortfalls are candidates for stockpiling or othimnaitigas, such as

gualification of new sources of supply. With Congressional approval, the NDS Program can stockpile
materials that project to be in shortfall during the postulated national emergency. Currently, the NDS
Program assesses all the nmagierials required for highpacity batteries. Further, the NDS Program
currently stockpiles several lithicomtaining battery precursor materials. The specificity of material
composition and structure required for stkthe-art cells and batteriémits the effectiveness of materials
stockpiling authorities. Methods to address those limitations, and standardize cell components, have not
been fully explored.

Organizational Authority and Initiatives within DOD

As a source of energy used to traimve, and sustain military forces and weapons platforms, DOD

considers batteries used in combat platforms to be operational energy. Title 10 of the U.S.C., Section 2926,
assigns the Assistant Secretary of Defense for Energy, Installations, and En(ASbi¢ig&E)) with
responsibilities that include overseeing operational energy activities and making recommendations to the
Secretary of Defense regarding policies and investments affecting the use of operational energy across the
Department. The same statrequires that the Services designate a senior official responsible for overseeing
operational energy plans and programs. Distinct from these energy communities, DOD also has extensive
and established communities of technical expertise on materials.

Domestic Innovation
Emerging Technologies

There are many emerging lithium battery technologies that promise improved performance. For years, U.S.
institutions have been at the forefront of this research, often only to see that technology purchased and
implemented overseas. U.S. leadership ingR&iBnts an opportunity to establish domestic production of
future battery technologies, thus allowing the United States to leapfrog our competitors in the battery cost
and performance race. Some sample technologies include, but are not limitéidworthe fo

T Silicon Anodeshave a theoretical lithium storage capacity 10 times that of currently used graphite.
Silicon is a naturally abundant anddost material, and models show that silicon can a reduce battery
costs below $100/kWh comparedtorent costs of $18(r5/kWh165 Challenges with silicon anodes
include volume expansion challenges and calendar liftdsssiesh issues are currently being
investigated by researchers. Raw material sources for silicon, including polycrystaBitieasilico
oxides, and silane gas, are fairly ubiquitous, arscksgproduction of polysilicon was originally
centered in the United States. Five facilities, located in Michigan, Tennessee, Montana, Alabama, and

165D . Lil a. AAchieving Tesl| adsdwi6 hpearvcae nta bbl aet tneartye rcioasl t
PV Buzz. Sept. 23, 202Mttps://pvbuzz.com/teslbatterycostreductionstrategy/. Accessed Apr. 6, 2021.
166Jin, Y., Zhu, B., Lu, Z., Liu, N., Zhu, J., Adv. Energy Mater. 2017, 7, 1700715.
https://doi.org/10.1002/aenm.201700715. Accessed April 14, 2021.
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Ohio, produce polysilicon from silafg@sneratedn-site) in the United StatésA sixth facility, located

in Washington and, at the time, the ttardest polysilicon plant in the United States, was closed in 2019
and scheduled to be sold; however, in 2020, the owner, Norwegian com@itigdREformed a
partnership with Group14 Technologies, a lead domestic manufacturer-tibsiédamode batteries,

to restart the plangs

o In spite of an early advantage in polysilicon production (87 percent of total global
production in 2004), sifioant ground has been lost to China in the intervening years as
China built and strengthened its supply chaitisefgrhotovoltaic and semiconductor
industriedt® U.S. production of polysilicon comprised less than 10 percent of total global
production ir2020. Further complicating supply chain matters are the credibleo€harges
forced labor in the production of polysilicon in Xinjiang Uyghur Autonomous Region
(XUAR)170 The Solar Energy Industry Association (SEIA) is actively encouraging its
members tghift their dependence on XUARsed polysilicon to more transparent and
ethical suppliers by ri2®21!'SEIl A al so i ntroduced a Otracea
supply chain, but it requires an independent third party aGdR&D funded by
D O E 6 BO hak addressed cycle life issues with silicon anodes (from 100 to >1,000
in the past five years). Continued DiD&ded R&D is focused on the reactivity

with current electrolytes and electrode stability due to silicon volume change during
cycling 73174175176 177178179

187BloombergNEF, "Huipment Manufactureiis PV 2020" Interactive Database. Available for purchase. Accessed
December 14, 2020.
68" Gl obe News Wi rGroupldiTechidlogies and RECBilicon Announce U.S. Advanced Silicon
Anode Production Facility to Meet Demarelf O El ectri fi cation of Everythingé D
https://www.globenewswire.com/newslease/2020/10/13/2107180/0/ensdcon-groupl4technologiesandrec
silicon-announceu-s-advanceesiliconr-anodeproductionfacility-to-meetdemandfor-electrificationof-everything
decade.html. Accessed April 14, 2021.
B oomber gNEF, AChina invests $29 billion to beat U.S.
https://about.bnef.com/blog/chisiavests29-billion-to-beatu-s-semiconductors/. Aessed May 25, 2021.
Sheffield Hallam University, #f@Aln Broad Daylight: Uygh
https://www.shu.ac.uk/helesi@nnedycentreinternationaljustice/researclandprojects/aliprojects/inbroad
daylight. Accessed Ma25, 2021.
MSEI A, AiSolar Companies Unite to Prevent Forced Labor
https://www.seia.org/news/sotapmpanieaunite-preventforcedlaborsolarsupplychain. Accessed May 25,
2021.
2SEI A, fnSol arTr@uwemlby | ChHai Pr ot oc ol oresoulrces/splasupplychaiww. sei a. o
traceabilityprotocol. Accessed May 25, 2021.
3M. Ashuri, Q. He, L.L. Shaw. "Silicon as a potential anode material fmribatteries: where size, geometry
and struture matter,'Nanoscale8, (2016) 74. doi: 10.1039/C5NRO05116A. Accessed April 14, 2021.
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T Lithium Metal Anodes are seen as the ultimate goal for improving battery energy and cost. Lithium has
over 10 times the storage capacity of currently used graphite, but suffers from poor cycle life and
occasional safety issues. Lithium metal batteries are being pusgogzaailel pathways: with liquid
electrolytes, often modified recipes of conventional litbiueiectrolytes, and with solid electroljtes.

There are two potential methods for highume manufacturing of lithium metal anodes. For high

capacity anodgihium metal foils of >2ficron thickness would be produced from metallic lithium

ingots by extrusion, and then applied to the current collector and/or electrolyte (in the castatd solid
batteries) by lamination. Minimizing excess lithiumbaitexy energy density but films of thickness

<20 micron would have to be produced by an evaporative process, most likely physical vapor deposition.
The DOE VTO Battery500 Consortium has improved energy and cycle life from 250Wh/kg and 50

cycles to 350Wkg and 400 cycles over the past four years. DOE is also funding thin finic(egp

lithium metal production efforts.

T Solid-State Batterieshave the potential to facilitate use of lithium metal and-siised anodes, and
increase safety throudpie telimination of flammable liquid electrolytes. Currently, issues with life and
power severely limit solid state battery use. There are three categoriastabé sddidtrolyte (SSE):
polymerbased, sulfideased, and ceramfmetal oxidg based Each faces challenges in cell
performance and higlolume manufacturing. U.S. researchers are at the forefront of this work, and
rapidly scaling a successful ssilite battery supply chain should be a priority to the United States. This
means adequatdlnding innovative R&D and then rapidly shifting resources to set up a domestic
supply chain when a breakthrough is achieved, and being prepared to do so by advance planning along
parallel pathways for different electrolyte candidates. There wighifecard advantage to early
movement on this technology once its benefits are realized as companies in other countries already
recognize the utility of solitlhte batterieOne common challenge for solid state cells is the ability to
meet both powema cycle life requirements in large, automotive format (10Ah or larger) cells. Thus, if a
candidate solid state technology is scaled to perform in cells of that size and demonstrates the ability to
meet EV power and cycle life requirements, then fuctiderup and supply chain capture should
become a priority.

T Next-generation Cathodesr e needed to substitute for todayds
such as cobalt and nick&here is potential for the use of novel higher capacity cathatbsrbas
abundant and inexpensive elements such as sulfur, iron, manganese -bass@mcatinodes. Such
systems, despite their potentials for higher energy than commercially available EV batteries, are far from
commercial realization, as their cyeadipoor.

Regional economic growth

As mentioned above, sabmponent and cell manufacturing tracks closely with downstream manufacturing,
demonstrating the desire forlooation of suppliers. Sabmponent manufacturing is largely concentrated

in the Midwest and Southeast regions of tieed)States. Economic growth is expected in these areas.

Existing programs to support domestic innovation ecosystems are important resources (e.g., Small Business

Admi ni strationds Regional I nnovation,aSWeliast ers and
Commerceds Economic Devel opment Administration Bu
Cel | manufacturing has also | argely foll owed down
close to Californiads | ar ge sphresetapolty incentivBsdonpeomale c e n t

in the Choice of Suitable Electrolyte Solution,"Electrochem. Sod62 (2015) A2424. doi:
10.1149/2.0051514.jes. Accessed April 14, 2021.
180D | Lin, Y. Liu, Y. Cuiforhigh#t Revigyi bgtthkheikist bi Nmt me €
(2017) 194. doi: 10.1038/NNANO.2017.16. Accessed April 14, 2021.
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the adoption of EVs and, to a much lesser extent, stationary battery storage. Economic growth is expected in
areas with policy incentives.

Marginalized communities

Policy support for the battery supply chain maktda a focus on advancing equity for historically

underserved and marginalized communities including people of color, Tribal communities, and those who
have been adversely affected by persistent poverty and inequality. This includes conducting rigorous
community consultation in the siting and permitting of all industrial sites and facilities and ensuring equity in
access to the new clean energy jobs that will be created to meet growing demand. These efforts, which will
include implementation of the Jest0 Initiative, will ensure a more equitable and durable supply chain that
works for all Americans.

Small and Medium Enterprises and Minority Business Enterprises

There is a strong history of innovation in U.S. small businesses. This includesesarst@ies in the
battery space, often funded under the Small Business Innovative Research (SBIR) and Small Business
Technology Transfer (STTR) programs.

One challenge often cited is that innovative small businesses face major obstacles doatéstating

capital needed to commercialize their technology and IP during intermediate phases of technology
development for material and process-agalié is often easiest to raise stprtapital abroad. This leaves
Chinese or other foreign investmasthe sources of needed funds. Some of the main reasons for hesitation
cited by private investors centers on the longer development times that battery technologies need before
going public. This timing need is especially stark in comparison withictinev&ley stattips, where the

time for a product to market is often measured in months versus the years required for bapiery Btart
increase the economic potential effort, there should be additional investigation conducted on ways to
incentivze this community of entrepreneurs, ways the government can work with private investment to

better wutilize private capital, and the most appr
ups, with an in increased emphasis on providiegsaocunderserved communities.
RECOMMENDATIONS

Lithium batteries are an essential element of the EV market, accounting for up to half of the consumer cost
of an EV. Batteries also play an important role in the transition to renewable electricitimuygtonage

for power used during periods of lower electricity generation. In the coming decades, U.S. leadership in both
automotive manufacturing and renewable energy technology will depend heavilgronuh&ar

positioning as a leader in lithiiom and other highapacity batteries. The United States must increase
competitiveness with Asia, where Chinese EV sales are three times larger than sales in the United States and ¢
majority of batteries are manufactured today, and Europe, where thefd$pvisas outpacing the United

States in large part due to European policy support. The United States must adopt a set of tools to increase
domestic battery manufacturing while improvingegigencef the lithium battery supply chain, including
thesourcing and processing of the critical minerals used in battery production. Collaboration across the
Federal Government, corporate stakeholders, the research community, workers, and international allies will
be an integral feature of our strategy.

Princpally, policy support should bolster the domestic supply chain by advancing demamaaide U.S.

batteries, and spurring the development of both a stronger manufacturing base and a resilient supply chain.
As a part of the American Jobs Plan, Presidesti Bas called for transformational investments to spur this
demand, including $100 billion in incentives to encourage U.S. consumers to transition to EVs, $15 billion to
build out a national EV charging infrastructure, and plans to transition both thievEbiiée fleet and state

and | ocal government fleets to EVs. Paired with
manufacturing capacity and to invest in R&D to support the development of next generation batteries, this
funding will positionhe United States as a leader in battery manufacturing.
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Policy tools must also bolster resilient supply chains for essential upstream critical minerals and materials
through a broad set of strategies to increase the supply of sustainably produceddnimetalis and build

refining and processing capacity needed to support manufé&t@iagn the historical legacy of mining in

the United States, particularly on indigenous lands, the Federal Government will hold any new and existing
raw mineral producin to the strongest environmental and labor standards, and production will come only
after meaningful engagement with affected communities, including govergmarnment consultation

with Tribal nations. Significant updates to the laws and regudatieming domestic resource extraction

and mining may be required to ensure that these standards can be achieved. Preference should be given to
new mines that would involve lovimapact sources or locations that would not conflict with other valuable
resources or landses, and prioritize, when possible, economic development opportunities for impacted
communities.

Resilient supply chains will require new programs for the recycling and recovery of critical materials from
products at the end of theielifas well as other unconventional sources, like minerals extracted from coal
and other mine waste, that can minimize the need for new mining operations. Oveartddanglerm,

R&D will identify and commercialize the use of alternative, earthrabunatiaials and practices that

reduce the quantity of critical minerals needed in lithium batteries. The following recommendations outline
the scope of public investments required to secure lithium battery supply chains and U.S. competitiveness.
Thesenclude actions the Biden Administration can take immediately and without Congressional action,
investments that Congress must make to support economic growth in the battery market, and a research
agenda to help the United States sustain leadershipryntééttizology.

These recommendations iderttiiy following-ederal policies and invesnts
1. Stimulate Demand for End Products Using Domestically Manufactured HigtCapacity Batteries

Battery cell and pack production tend ttocate with the enmgroducts in which the batteries are used. T
support the establishment of a robust-hgbacity battery manufacturing industry, it is necessary, though
not sufficient absent broader coordinated action, to stimulate demand for and domestic prodgiction of e
products, primarily EVs and power storage for the renewable electric grid.

Over the past decade, global sales of lithium batteries for both EVs and for power grid storage have risen
dramaticall{g2 Between 2011 and 2020, global sales of EVs rosthamv&fold, from less than 40

thousand to 3.1 millig& Of those 3.1 million, however, only 300,000 were sold in the United States, less
than two percent of total auto sales in 2020. While the United States will see EV growth even absent policy
interventions, countries that are leading the global transition to EVs and carving out leadership positions in
EV manufacturing are projected to remain substantially ahead absent effective U.S. policy. This risks
hollowing out the U.S. manufacturing base arelunahi ni n g Aterm techoobdical edga n g

The Administration should pursue a whole of government approach to stimulating domestic demand and
production of EVs and stationary storage through Federal purchases, consumer incentives, and standard
settirg. The following recommendations aim to create an early market demand of over 450 GWh of battery
production, about 60 percent of the 2020 global capacity, and would support jobs in transportation,
manufacturing, and deployment.

81For select metals, this will include production and processing.
82yehicles are typically segmented by emgk class: passenger cars, ldhty vehicles, mediurduty vehicles,
and heawyduty vehicles. Within these vehicle segments, there are several different types of EV categories. These
include nhiphybriid®, mMdlued cell 6, and fbatteryodo EVs. For
defined as highway capable, ligihtity, battery, and plu hybrid EVs.
183Bloomberg New Energy Finance annual EV sales data downloaded March 9, 2021.
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Support Demand for Batteies in the Transportation Sector

Increasing demand for batteries in the U.S. transportation sector requires both spurring demand by
businesses and households, which represent a majority of U.S. vehicle demand, and also increasing demand
by the Federal geknment and by state, local, and Tribal governments, which can serve as early adopters and
help drive overall uptake of EV technology.

Electrifying the Federal Vehicle Fleet and State, Local, and Tribal Government Fleets

The Federal vehicle fleet cormssigtapproximately 640 thousand vehicles worldwide, excluding military
combat vehicles and other tactical vehicles. Of these vehicles, approxinthielyacmewned by the U.S.
Postal Service, and the remainder are either leased by agencieG&oengh8ervices Administration
(GSA) or are agenrroyned. The current share of EVs and other zero emission vehicles (ZEVS) in the
Federal fleet is less than one percent of théstotal.

Congress should appropriate funds to GSA to speed up the convehgdredkeral fleet to ZEVs, both

through its leasing program and through regranting dollars to agencies who wish to purchase ZEVs. There is
significant potential to move quickly in converting the Federal fleet of 640,000 vehicles to commercially
availablZEVs. To maximize the domestic economic impact, incentives should be offered to maximize the
domestic content in batteries in fleet vehicles. Converting the Federal fleet to EVs would support over 64
GWh of domestic battery productign.

State, localnd Tribal governments also maintain substantial vehicle fleets, which are estimated to comprise
over two million light medium, and heavguty vehicles, with approximately five percent of that total being
ZEVs. A new Federal program to encourage $atd, and Tribal governments to fully convert their fleets

to ZEVs would support over 200 GWh of domestic battery prodéggtion.

Electrifying the Nationds School Bus Fl eet

New Federal grant funding through the Environmental Protection Agency (EPA) or DOE should be used to
subsidize the incrementatfupnt cost of new school buses, charging infrastructure, and workforce training

to accelerate the transition from diesel amdde funding certainty for suppliers to expand their production

lines. Initial estimates indicate $20 billion could support transitioning 20 percent of the existing school bus
fleetto ZEVs. Appr oxi mately 95 per cent rumbndiksaletdaiecimiecd schoo
Federal funds have been available to support transitions to ZEVs despite the documented climate and health
benefits of moving from diesel to battery electric propulsion.

At the end of 2020, approximately 650 electrioklbhses were in operation in the United States, mostly

used as demonstration vehicles or smallplidtise Cal i f orni a Energy Commi ssi o
bus electrification grant program and has learned important lessons on how to enssfal@gsarices

program: one key lesson was the need to partner school districts with technical expertise, particularly in terms
of new bus route planning and the locating of charging infrastructure. Therefore, any Federal grant program
should be paired witbchnical assistance, support, and education. Additionally, it is important that equitable
pathways be developed so that all communities can benefit from reduced emissions, perhaps through
targeting lowincome school districts first or providing highdchirag funds for disadvantaged

communities. Incentives must be significant and reasonably easy to access both in the application phase and
funds distribution phase.

Electrifying the Nationds Transit Bus Fl eet

Congress should provide additional fundingp ugh t he Federal Transit Admin
Emissions (LéNo) grant program to accelerate adoption of zero emission transit vehicles by providing

184This represents appximately 1,600 vehicles.
18 Assuming an average 100 kWh battery capacity for each vehicle.
18 Assuming an average 100 kWh battery capacity for each vehicle.



capital funding for transit agencies to procure new buses and charging infrastructure, &egtating mar
certainty for manufacturers to build production capacity. Initial estimates indicate that a $25 billion program
could support replacing 20,000 transit vehicles, including buses, but also smaller shuttles, vans, and cars
operated by transit agencies.

Transit agencies operate more than 84,000 diesel and gasoline transit vehicles, including buses. Many
agencies have made bold commitments toward full electrification;doatdudeployments have been

limited due to concerns about higher capital bagtsry range, performance in cold climates, manufacturing
capacity, and overall change management.

SupporotSadRdi Rebates for Consume Dsety\ahictks, Withax | ncen
Preference for U.S. Content

The existing &deral incentive program for EVs, first adopted in 2010, helped popularize EVs for American
consumers and currently provides some EV buyers a Federal tax credit of up to $7,500 for the purchase of an
EV. However, several important reforms would strentitbgrogram.

First, Congress should -elfmahddot hebptegrbamrtoons$tme
rather than offering tax credits to EV customers who file tax returns seeking theai-s&leinébates are

easier to access and mongitzle for consumers, make EVs cheaper for all buyers at the time they make

their purchasing decision, and benefit all customers, not just those with tax liabilities that exceed the value of
the tax credit. Second, Congress should amend the programadafher value rebate for EVs that meet

higher domestic content thresholds and which conform to high labor standards, creating an incentive to
onshore key parts of the supply chain, including batteries. Third, Congress should enact a new tax credit for
medium and headuty EVs, such as trucks, which are a significant contributor to local air pollution as well

as global greenhouse gas emissions.

Support the Build Out of EV Charging Infrastructure

O0Range anxietydé, the concern that an EV wil/l run
charging infrastructure remains a batrrier tg,ligktliur, and heavguty plugin EV adoption, especially

in underserved communities. Moreoversemer tax credits are generally not available to local, state, and
Tribal governments, which do not typically pay Federal taxes. A Faggyaitgd, nationwide buildout of

500,000 EV chargers is critical to the-atdée adoption of EVs by generddligu A nationwide charging

station buildout is also essential to encouraging EV adoption by the Federal fleet and by state, local, and
Tribal government fleets, which also require access to reliable charging infrastructure given the use demands
typicallyplaced on fleet vehicles.

To meet this need, President Biden has called for $15 billion in Federal funding to support the build out
Americabs EV charging infrastructure.

Support Strong Energy Efficiency and Tailpipe Emissions Standards for All Vehicles

Updating efficiency and tailpipe emissions standards for gasoline powered vehicles will reduce carbon
emissions and other pollution while ensuring that gasoline vehicles reflect the true costs of use, including
environmental costs. The EPA and Departwiehitansportation (DOT) should undertake a process to

update efficiency and tailpipe standards for all vehicles to account for improvements in cost and performance
of more efficient and cleaner technologies. New efficiency and emissions stan&ahdsmill dditional

demand for EVs given that expanded EV sales, as ZEVs, help automotive companies meet overall fuel
efficiency standards across their product lines.

Support Demand for Batteries for the Utilities Sector

While EVs constitute the dominahare of lithium batteries today, electrical power storage is emerging as an
important additional driver of demand. Power storage occurs at both the grid level, sustades large
storage adjacent to solar facilities to allow power to be storedrsudag and drawn down at night, and at
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the residential and business level, where homeowners and businesses are beginning to turn to batteries as an
alternative to backup generators. Spurring demand forddiSbatteries for such storage will help drive
U.S. battery manufacturing.

Accelerate Federal Battery Storage Procurement

I n support of the Administrationds goal for a 100
Management Program (FEMP), housed at the DOE, should call for &gelecids to procure stationary

battery storage for Federal facilities in addition to procuring other types of stationary storage. FEMP should
provide technical assistance to agencies to support them in carrying out the procurement of these storage
techndogies. Additionally, procuring 100 percent of Federal electric supply from clean energy sources that
are delivered tirmmatched with Federal facility demand could help support the demand for flexibility

resources such as stationary storage.

Expand thetarnal Revenue Service (IRS) Section 48 and 25D Investment Tax Credit (ITC) to include stationary
a standlone resource

Congress should expand the Section 48 and 25D ITCs to include stationary storage, as they currently do not
apply, and authorize new tax credits. Tax credits can increase the demand for local manufacturing. While
EVs are likely to be the primary driveitbfum storage, grid applications are likely to expand significantly as
more variable wind and solar power comes online. Ensuring storage technologies are available for the same
tax credit as renewable energy generation sources will help drivatssatastureduction, and diversify

the market base. TE@ergy Storage Tax Incentive and Deploymenn#atiuced in Mah 2021 would

expand the ITC to storage.

Institute Power Transmission Regulatory Reform to support Renewable Power and Stationary Energy Storage

The Federal Energy Regulatory Commission should consider an accelerated rulemaking for creating a
framework fo storageastransmissiomasset, on regulatory treatment for hybrid resources with a focus on
storage and renewable sources, and qualifying facility eligibility. These rules would remove barriers to grid
storage deployment, speeding up-terrg demand fodomestic battery manufacturing. At the distribution

level, clarification of the regulatory treatment for energy storage as having the potential to be treated as a
distribution asset rather than a generating asset would open the market for utiidesotderffiectively

utilize energy storage to improve the resilience and efficiency of their distribution systems in restructured
markets.

2. Strengthen ResponsibhSourced Supplies for Key Advanced Battery Minerals

A secure U.S. lithiumon battery supplghain is dependent on a strong U.S. manufacturing base. But that
manufacturing base is, in turn, dependent on upstream inputs, particularly key minerals and other materials
that are required to manufacture batteries. Currently, many of the keyrmpérisnc@ountries with a

hi story of political instability, such as the DRC
reserves, or countries that are geopolitical competitors of the United States, such as China, which has a
dominant sharef the processing of several key metals. Natural disasters and other events can also disrupt
supply chains regardless of the source. The United States must secure a reliable supply base through both
targeted international investments and a strong domgxgily base. Regardless of whether investments

occur domestically or internationally, investments in both mining and processing must adhere to the highest
environmental and social standards and ensure that they do not harm local communitiesisiocicaliyg h
disadvantaged amligenougsommunities including native American tribes. Investments need to be made
across the full product lifecycle, including extraction, refining and processing, and recycling.

Lithium+ion batteries are positioned domajor scalep in demand over the next 10 years. To secure a

resilient supply chain for a technology that will be so critical to our economy and to make the most of this
economic opportunity, the United States should take a rhierialeral approado look for opportunities

to sustainably produce and refine domestic minerals for key battery materials. For battery materials where the
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United States does not have strong deposits suited for economic extraction, the best pathway to getting a
stable matel supply in the neggrm is through allies and trading partners with responsible environmental
and labor standards, and in the dmmm by capturing and recycling the supply of materialsafildad

batteries from EVs and storage. Both extractbceaycled materials and minerals will require refining and
processing, and refining and processing capacity should be scaled up domestically to utilize this supply,
capture an important stage of the supply chain that fuels downstream battery manafatanoid the

need to export raw materials anamgort processed components.

Invest in targeted, mineralspecific strategies

Different minerals call for different strategies. For some minerals, such as lithium, the United States has
domestic supplidsit the scale of U.S. production is currently outpaced by demand, and the United States
does not always have full control of both mining and processing. For other minerals, such as cobalt, the
United States will always be largely dependent primarilgign pwoviders. For these minerals, the United
States will either need to work with allies to secure supplies or support R&D that reduces the need for such
minerals in future generation EV batteries.

Support Sustainable Domestic Extraction arfd_Refining

The United States has lithium resources and domestic corporatieasacbih recovery and refinement

globally. Lithium resources exist in North Carolina (ore), Arkansas (brine), Nevada (brine, clay), and
California (brine). Lithiuproject development is costly and producers face future costs that hamper project
initiation. New projects typically require buyer contract agreements in advance of project start. To establish
a sustainable domestic lithium supply chain, the UnitexdisBtauéd:

1 Increase support for resource mapping at the USGS and the DOE to enable informed policy and
investment decisions around production and refinement of lithium and other critical materials and
minerals. The Federal Government should explore using purideaaagguantity guarantees for a
stockpile serving as a backstop, providing | oans:s
(LPO), leveraging the DPA including Title Il and VII authorities to support extraction, and standing up
new public financingtreams.

1 Modernize the U.S. laws and regulations governing mining on public lands, where many lithium resources
in Nevada and California are located, in order to provide assurance to tribes and local residents that
important environmental and culturabueses will be protected during and after mining operations.

T Support extraction and refinement efficiency through investment in R&D and commercialization support
from DOE and other Federal partners. Technology that improves lithium yield could tienefit bo
domestic and international sites, and by securing technology rights, the United States could position itself
and domestic companies to benefit from licensing while opening the resource base.

1 Investin domestic refinement of ore, brine, or clayitimtah chemicals similarly through a potential
mix of purchasing guarantees, the DOE LPO, the DPA, and new financing programs in concert with
R&D i nvestment to advance existing techniques.
t hem t Iskeadevdespitadifited domestic lithium supply.

1 Develop and expand technoeconomic models in line with international best practices to help identify the
best areas for extraction development accounting for the latest mineral extraction techniques.

Suppt Nickel and Cobalt Recovery from Recycled and Unconventional Sources:

Tapping secondary sources for critical materials and minerals can alleviate demand from conventional
extraction including from new mining. Actions to support recovery from recgtialed@mentional
sources include:
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Increase nickel supply by promoting battery recycling in the long term. As more and more EVs reach
their endof-life, spent EV batteries are expected to be an increasingly important source for nickel sulfate
production. The United States could consider investing in battery recycling infrastructure and technology
development.

Increase nickel supply by exploring unconventional sandcescondary sources from remediation and
reclamation such as anithe drainage, athacidmineimpacted waters, mining wastes, drainage
treatment sludges, abandoned mine tailings, slag, or heap/dump leach opéatiohthe iruse

nickel is in stainless steel. However, it is not currently feasible to use stainless st€&ss dthiekel
materials to produce nickel sulfate, which could be a future R&D focus.

Increase cobalt supply by promoting battery recycling in the long term. Since cobalt is-typically co
produced with nickel and/or copper, the supply of cobalt caivbesely affected by low nickel/copper

prices, and the market price of cobalt has been quite volatile. To secure cobalt supply and guard against
price fluctuations, the United States could consider investing in battery recycling infrastructure and
techndogy development. Immediate focus should include investment to increase capaciymnd scale

of recycling facilities, and investigation of pathways for early Federal purchase of recycling waste streams
to the furthest extent possible.

Invest in Nicleéfining in Coordination with Allies

The United States does not have a strong presence in the nickel supply chain for several reasons: (1)
production cost is not competitive to that of South American and Asian operations given globalization,
alleged dumping, and excessive foreign governrhsidization, (2) barriers to entry for new mines at the
Federal, State, and local levels, and (3) limited U.S. nickel rés&wveiskel refining capacity is currently

limited and focuses on refining nickel salts (sulfate or carbonate) as a lnfiatinatm group metals or

copper miningLow material throughput and the lack dfraum battergathodemarket in the United

States has limited expansion of these facilities. As demand for lithium batteries grows in the United States,
the need forefined nickel materiaill grow dramatically. To meet this demand, Federal support for nickel
refining capacity should flow through existing loan programs like LPO and economic development funds as
well as new federal assistance levers from Corgrd&Climanufacturing tax credits and supply chain

grants.

Identify Opportunities for Supporting Sustainable Production and Refining of Cobalt

At present the nickebbalt Eagle Min@ Michigaris the only active cobalt mine in theteéd States. Eagle
Mineproduces cobattontaining nickel concentrate, while a company in Missouri producepjuel

cobalt concentrate from historic mine tailiMyghin the Uhited Statesjxcompanies produce cobalt

chemicals, primarily from imported and seconddeyiatgscraps)®” The United States does have some

cobalt refining capability. If the United States increases cobalt materials throughput by using imported and
recycled material, the downstream manufacturing to refine cobalt needs to be establistaeralTh

investments through loans, economic development funds, and potential new grants or tax credits described
above to increase recycling and invest in refining and processing capacity would have a similar impact to scale
up the domestic cobalt supphain, removing risk and capturing economic opportunity.

Work with Allies and Partners to Expand Global Production and Ensure Access to Supplies

The United States cannot and does not need to mine and process all critical battery inputs at home; it can and
should work with allies and partners to expand global production and to ensure secure global supplies. There
are several steps that the United States should take to work with allies and partners to strengthen key global
supplies

B'USGS. 2021. iMat er i al httfso/pubsousgs.doy/perdicalsiracs 202 /sncs20012pdf o
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1 Use the U.S. Developnid=inance Corporation (DFC) to expand production and processing of key
metalsThe DFC should identify projects in allied and partner nations that can be funded to create new
sustainable mining and processing operations for lithium, graphite, ang otieéalkeand materials.

9 Use trade tools to strengthen critical mineral supplies: The new Supply Chain Trade Strike Force should
examine both unfair trade practices that undercut the security of supplies of critical minerals, such as
bans on exports ®everal countries, and the impacts of U.S. tariffs and other U.S. trade policies that
may inadvertently create supply chain challenges for U.S. battery production.

T Promote the use of transparent competitive procurement and concession practices #igough for
assistance programs abrddm U.S. Government, including the United States Agency for International
Development (USAID), should promote the institutionalization of transparent procurement and mineral
extraction rights through policies, laws, andatgons. Building on U.S. government programs that
enable competitive procurement of renewable energy and extractives industry transparency in assistance
countries, USAID should promote competitive tenders for mining and sale of minerals needed for
manufcturing of the batteries.

1 Strengthen resources governahice:U.S. Government should work with allies and partners to
strengthen resource governance and improve environmental and social standards. For example, the
ERGI is a multilateral effort foundbg Australia, Botswana, Canada, Peru, and the United States, and
l ed by the Stateds Bureau of Energy Resources, t
and secure energy mineral supply chains. ERGI aims to foster a just and sustgiyaialiesiitm
and address associated sugipdyn vulnerabilities. ERGI uses the experience of countries with mature
mining industries to build the capacity of countries with significant critical energy mineral/element
resources to sustainably develef thining sectors and increase private investment in responsible
mining projects that advance critical mineral supplyrebéignce

i Setglobal standardshe Uni ted States is participating in ¢t
contextU.S. experts from government, academia, and industry can work to ensure that international
standards bodies for critical mineral inputs for the advanced battery industry are aligned with the U.S.
Governmentds critical mh et practicésdgor emireninentalasacihl, aad e ¢ ¢
governance standards, including domestic environmental regulations, Tribal and indigenous consultation,
and the Administrationds Executive Order on Tacsk
efforts to secure environmental justice and spur economic opportunity.

The Initiative for Responsible Mining Assurance (IRMA) is an international coalition of businesses,
nongovernmental organizations, labor unions, mining operators, and other stakettdiderdaveloped a

Standard for Responsible Mining and established a system for independently certifying mines worldwide that
adhere to that standard. IRMA may provide a method for U.S. companies and the Federal Government to
ensure that minerals arengesourced from mines with robust environmental, social, and financial

responsibility policies, and also could provide a model for responsible development of additional mines in the
United States.

RaiseLabor andEnvironmental SandardsAcross theBoard

Develop Strong Environmental Review Permitting Practices for the Extraction of Lithium, Nickek Cobalt, and ott
capacity battery minerals

Federal agencies and state governments must hold raw mineral production to modern environmental
standardsequire begpractice labor conditions, and proceed with meaningful consultation with affected
communities, including Tribal nations in governtoegdvernment collaboration. The majority of U.S.
mining laws and regulations have not been updated iatihaarentury. These require updates from
Congress in addition to action that EPA can take in consultation with DOI and the Department of
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Agriculture (USDA) under existing authorities (e.g., Clean Air Act, Clean Water Act, Endangered Species
Act). Sitilg should consider prioritizing lovi@pact sources such as already disturbed lands and economic
development opportunities for impacted communities.

Achieving such high standards would require significant updates to the laws and regulations riegarding min

in the United States. There are a number of statutory authorities that govern mineral development on Federal
lands. For example, the General Mining Law (GML) of 1872 may apply to the exploration, development,

and extraction on Federal lands of nalsesuch as lithium, nickel, and cobalt. Additionally, various statutory
authorities govern permitting and environmental compliance of mineral development on Federal lands,
including the Federal Land Policy and Management Act of 1976 for lands mahadddgu of Land

Management and the Organic Act of 1897 for lands administered by the U.S. Forest Service (USFS). Other
applicable environmental laws include the NEPA, the Clean Air Act, the Clean Water Act, and the
Endangered Species Act.

Unlike for oal mining, there is no comprehensive statute that specifically addresses permitting and
reclamation of mines for lithium, cobalt, nickel, copper, gold, uranium, and other minerals. To reduce
conflict, provide increased certainty for industry, improeatirenmental performance of mines, better

engage Tribes and local communities, and protect taxpayers from the cost of remediating abandoned mines,
Congress should enact comprehensive reform of the GML of 1872 and USDA and DOI should strengthen
the reguldons governing mining on public lands. States also have a significant role in review and permitting
of mining projects.

The Federal Government should establish an interagency team with expertise in mine permitting and
environmental law to identify gapstatutes and regulations that may need to be updated to ensure new
production meets strong standards before mining begins, during the mining process, and after mining ends;
ensure meaningful community consultation (including with Tribal nationsingegpegovernmetio-

government relationship) at all stages of the mining process; and examine opportunities to reduce time, cost,
and risk of permitting without compromising these strong environmental and consultation benchmarks.
These should include:

f Updated regulations, guidance, or policy from EPA that includes consistent and detailed requirements for
mine plans and environmental baseline information subject to Federal decisions and the NEPA process
to improve the consistency and quality of pieres and permit applications.

T Review of mining regulations by EPA to determine if and where gaps exist that have resulted in
challenges to mine permits or approvals and extended timelines.

1 Sufficient resources for Federal agencies involved in NERAremitling and improved hiring of
technical experts with knowledge of mining, mining waste management, reclamation practices, and
environmental impacts evaluation of mining projects.

9 Legislation from Congress to replace outdated mining laws inclu@mi-tb€1872 governing
locatable minerals (including nickel) on Federal lands, the Materials Disposal Act of 1947 to dispose of
minerals found on Federal lands, and the Mineral Land Leasing Act of 1920 among others. These should
be updated to have strongarironmental standards;topdate fiscal reforms, better enforcement,
inspection and bonding requirements, and clear reclamation planning requirements.

Leverage Federal Investment to Incentivize Sustainable Practices

Where the Federal Government ipoasible for subsidizing or otherwise incentivizing domestic mineral
production, the Government should take additional measures (beyond complying with sustainability
standards) to ensure that the mining occurs in an environmentally protective maheesrdiverrhining
lifecycle through reclamation and closure. Initial recommendations include:
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T Conditioning subsidies, loans, and other incentives to only target mining companies with strong track
records of environmental compliance at their other orgersttions.

1 Providing incentives only for mining companies that can demonsfrate gpcure financial assurance
for full site reclamation and closure.

91 Providing incentives only for mines in U.S. states that have strong mining environmental aggulations
enforcement and compliance programs.

1 For incentivized projects that require Federal permits or approvals, ensure regular environmental
inspections occur for compliance with Federal permits and approvals.

1 Requiring strong labor protections, inclugnegailing wage requirements, use of Project Labor
Agreements and community hire on construction projects, union neutrality policies for employers, a ban
on mandatory arbitration agreements, and requiring goods and materials to be made in thesUnited State
and shipped on U:flag, U.Screwed vessels.

IncreaseResilienceby Atrengthening U.S.Recycling

While increased production of key minerals and materials is essential as battery production expands, recycling
is already an important potential soafaeaterials and has the potential to scale dramatically in the years

ahead. National recycling policies will increase supply chain resilience in an environmentally responsible
manner.

Establish a National Recovery and Recycling Policy

Recycling offenmiany benefits to critical materials sustainability. By developing a circular economy for
advanced battery materials, the United States can capture this material back into the economy and reduce the
need for virgin extraction while reducing greenhousengasons. However, lithium battery recycling is not
profitable in most scenarios when the steps of collection, sorting, transportation, and recycling are

considered. Some in the industry believe that recycling will be more profitable when largef numbers

lithium ion batteries enter the recycling process, which is anticipated in the future with fleet electrification.

The United States requires a comprehensive strategy to reach a sufficient lithium battery recycling rate to
create material supply andmart recycling profitability.

This national battery recycling strategy should include both executive and legislative actions. While specific
details for a national strategy will need to be developed in coordination between a number of Federal
agenciesxecutive actions could include grants, loans, and policies to encourage safe domestic recycling.
Some examples of potential legislative actions could include tax incentives, a landfill ban, an extended
producer responsibility mandate, or a recycling taar®lzch a national strategy will also mitigate safety

risks posed by eral-life lithium batteries during collection, storage, transportation, processing, recycling,

and disposal. The strategy should consider varied approaches to increase cotEmtoimgrior both

waste consumer electronics which contain batteries, and for electric and hybrid vehicle batteries, which are
managed through a different auto supply chain including scrap yards.

The United States should establish targeted incentisdsategic stockpiling for recycling and purification
infrastructure and form a Battery Recovery and Recycling Task Force consisting of DOE, EPA, DOI, USGS,
DOT, Commerce, and DOD.

1 Targeted Incentives for RecyclingCongress should invest in lithilon batery recycling to
accelerate scalp of recycling, incentivize higher collection rates, and disincentivize landfilling.
Recycling batteries is profitable in some cases, but the economics change depending on the composition
of the battery, disassemblgtsptransportation costs (to include packing efficiency), and recycling
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process efficiency. Variable profit margins for litioarbattery recycling do not currently create a
strong enough market pull to encourage widespread recycling rates. & pincesssefficiency and
scale in this area, incentives (e.g., a tax credit or rebate) and/or mandates targeted at recyclers and
consumers could increase collection rates and support recyclimg sadtitionally, existing programs

| i ke DOED®dbelewrriaged th suppbrt building up domestic recycling capacity.

T Battery Recovery and Recycling Task ForcBOE, in its role as Chair of FCAB, should work with
FCAB member agencies and others including EPA, DOI/USGS, DOT, Commerce, and DOD to assess
theviability and cost of lithium battery recycling and chart a path for increased supply chain resilience
through recycling. Initial findings can be captured inya Supply Chain Executive Order Report on
the energy industrial base. Once a lithidterpaas reached end of life, there are multiple governing
agencies that have jurisdiction for this oOwast ec¢
materials to EPA and DOI 6s rol e i n stiadtiviesy and pe
these agencies should work with DOE to capture a holistic view of the opportunity landscape and to
coordinate action to support domestic recycling.

1 Ensure Recycling and Processing Meet Highest Environmental Standardshe United States
need to ensure there are not adverse environmental impacts to increasing our domestic footprint in the
battery supply chain, while recognizing the realities of waste treatment costs in processing and
manufacturing. The first action in the recycling taskvidlidoe to understand waste considerations and
update relevant metrics to ensure there are no local environmental impacts to creating domestic
production in this area.

3. Promote Sustainable Domestic Battery Materials, Cell, and Pack Production

Production capacity of lithidion cells is expanding rapidly, mainly in Asia and Europe, and increasing over
time. Cell manufacturers currently plan to increase production by over 300 percent in 2023 8®rldwide.

Yet, the United States is projected g praintain an ~8 percent share within this cell manufacturing

market. Cell and pack production also have high upfront costs. Public investments, through low cost credit,
tax credits and other subsidies are important for scaling production in th8tdigtedt the rate needed to
obtain market competitiveness and meet the Presid

Catalyze Private Capital with Grants and Loans
Enact New Federal Grant Programs to Catalyze Private Capital

Congress should establish a-shatinggrant program to support cell and pack manufacturing in the United
States. This model helps entrepreneurs who do not have the ability to access tax credits in the short run
while ensuring the taxpayer shares in the upside of the inveBnoeénttion ohigh-capacity battery cells

in the United States is highly concentrated in a small number of companies. Establishing a grant program for
cell manufacturing could create high value manufacturing jobs while increasing a more diverse and resilient
industrihbase.

The American Recovery and Reinvestment Act (ARRA) of 2009 included $2 billion to establish matching
cost share grants with industry to establish battery and electric drive manufacturing plants. 31 of the 38
manufacturing plants established thinaine ARRA are still in operation today. Public capital can-also de
risk investment opportunities for private capital, crowding in investment in domestic facilities. All cost

188" jithium-lon Battery Megafactory Assessment", Benchmark Mineral Intelligence, March 2021. Accessed April
12, 2021.
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shared grant applications should be conditionad erecutable plan to sisthe facility without
additional Federal financial assistance once operational.

Leverage the Advanced Technology Vehicle Management Loan Program

The Advanced Technology Vehicle Management Loan Program (#XibviM)immediately issue a new call

for proposals for projects that are seeking to start new facilities for cell and pack manufacturing in the United
States. Federal loans and loan guarantees can catalyze projects to build capacity across diiomgstic produc
processing, manufacturing, and recycling technologies. LPO should leverage full statutory authority to
finance key strategic areas of development and fill deficits in the domestic supply chain capacity.

Introduce Supportive Tax Credits
Revitalizig IRS 48C Manufacturing Tax Credits

Congress should provide additional funding to the IRS 48C Manufacturing Tax Credit program. New
funding for the program could include a set aside for coal communities, similar to Senators Manchin and
St abenotwémopdsa.gi sl a

ARRA included a tax credit for investments in manufacturing facilities for clean energy technologies. The
gualifying manufacturing facilities included those producing a wide range of clean energy products, including
energy storage systdorselectric or hybrid vehicles. Potential recipient applications were evaluated using
statutorily specified review criteria (including domestic job creation, impact on emissions, energy cost, etc.);
then, the IRS formally accepted or rejected the¢axpdys appl i cati on for 48C cert
the tax credit is 30 percent of qualified investment in advanced energy project property placed in service

during a tax year. During ARRA implementation, the Section 48C advanced energy mataxfaodaiiing

was provided to 183 domestic clean energy manufacturing facilities valued at $2.3 billion (which was the cap
set in ARRA).

Revive and Expand Section 1603 of American Recovery and Reinvestment Tax Act (ARRTA) program to suppc
manufacturers in the batteries, cells, and related material préfessing supply chain

Some U.S. cell manufacturers have argued that 48C only benefits manufacturers with a large tax base. The
United States is highly dependent on large, multinational tongdaa commercial scale manufacturing of

lithium ion cells. While large multinationals would stand to gain from enhancements to section 48C,
expanding section 1603 to include battery and cell manufacturing and material processing could support the
devdéopment of smaller manufacturers by providing cash payments in lieut#f ITCs.

Leverage Federal Procurement and Financial Assistance
Strengthen U.S. Manufacturing Commitmentdundestigratys, cooperative agreements, and R&D contracts

DOE shouldimmediately strengthen, through the Determinations of Exceptional Circumstances under the
BayhDole Act and other legal means, domestic manufacturing requirements for grants, cooperative
agreements and R&D contracts, including those related to lithenmedai he determination should

prioritize domestic manufacture and domestic impact for all applications of lithium batteries.

4. Invest in the people and innovations that are central to maintaining a competitive edge in the
battery market

The dramatichanges that have occurred in the last two decades in battery technology have opened the door
for impactful growth in the U.S. economy at home and through access to markets abroad. Sustained public

89https://home.treasury.gov/system/files/2 1&Ratusoverview201803-01.pdf

0 Thevalue of an award is equivalent to 30 percent of the projects total eligible cost basis in most cases. Section

1603 only included clean energy generation assets and did not include manufacturing of clean energy technologies.
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investment over many decades has resulted in tangkaeimpact, with reduction in battery costs by
approximately 85 perceéfit.Energy density of batteries has increased to meet consumer needs, enabling
electric cars with a driving range above 300 miles. Furthermore, the cost reductions enabled by R&D in
transportation has spurred a growing penetration of batteries for ligatiapp, with chemistries, invented

using public R&D, now increasingly being deployed in both large storage installations -dmelrbetend

storage solutions. Battery science and technology is of strategic importance for the overall energy landscape
and U.S. economic competitiveness.

While securing a durable materials supply chain for batteries is important for supply chain resilience today,
the public and private sectors can also collaborate to secure supply chains by innovating away from the
minerals that are scarce or environmentally harmful in the long term. Research has begun to focus on
reducing or eliminating the need for minerals like cobalt in batteries, and developing profitable business
model s for recycl i ngnsummerplecmonids, trangportaton, anel statibonarpemergy h e ¢
sectors. There is an opportunity to invent the
battery chemistries in the United States.

Public R&D will be insufficient to m&am a competitive battery market without the workforce to support
domestic manufacturing of cells, packs, and end products. The education and expertise of the U.S. workforce
is integral to our ability to compete and to createggmodg jobs in the Ueid States. A wqlhid labor

force that can afford the EVs they build is also important to the economic durability of a robust clean energy
economy. However, quality jobs will not materialize on their own. Labor standabdseskillaining, and
conprehensive supports for workers moving from one sector to another is imperative. To successfully
achieve these goals will require focused partnership between government, workers, industry, and local
communities.

Invest in the Next Generation of Batteryand EV Industry Workers
Develop the workforce needed for the growing battery manufacturing industry

As the U.S. domestic battery industry grows, the need for a trained workforce across the supply chain will
continue to increase. This may include jobsttact and process raw materials, manufacture cell

components and battery packs, manufacture EVs and charging infrastructure, and install stationary batteries
and charging infrastructure. A lack of trained workers can impede rapid innovation andtlepidyeasl

to long term erosion of competitiveness. Wages that are too low can fail to attract or support skilled workers,
slowing the process of debugging battery manufacturing processes (which are still nascent), and potentially
causing safety hazardssi nce battery chemicals pose potenti al
batteries could aim to design jobs to take advantage-6fshopor wor ker sd knowl edge t
safety, and uptime, akin to what is being explored by thenGerma t owor ker sd uni on, I GI

Federal programs should support training programs that leverage partnerships with car makers, unions,
community colleges, and other key stakeholders to help train and retrain workers to meet this new market
demand (e.getraining of powertrain workers to manufacture EV propulsion systems and other critical EV
and battery components). Congress should fund apprenticeships abhdsmttoaining programs that

form partnerships, develop and scale training programsahidresectespecific career centers in battery

and EV manufacturing. The Department of Labor will then make grants to consortia of workforce system
entities, education providers, employers/industry groupsiriabagement partnerships, commibased
organizations, and unions. New appropriations should also be used to provide wraparound services and
supports to help workers successfully complete the training programs.

Other investment priorities include: (1) working with universities that offesgouratteries to expand the
courses to include manufacturing; (2) providing financial support to universities to initiate a dedicated
curriculum on battery manufacturing; (3) linking with research societies, such as the Electrochemical Society,

191(as of 2020) to $143/kWh pk level.
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to provice short courses in specific topics related to manufacturing; and (4) working with the National Labs
to allow summer student internships to work atspdeilities.

Include labor standards as a condition on production subsidies to empowefre®emidandtmipport the
organize

The production incentives recommended in this répaxtcredits, lending and grahtaust ensure quality

jobs with thdree and fair choide organize for workers. Funding should include prevailing wage

requirements, similar to those included in ARRA. Other standards that should be included are: (1) mandated
hiring percentages from registered apprenticeships and ather labormanagement training programs,

(2) project labor, community labor and local hire requirements, and (3) employer neutrality agreements.

Increase Funding for R&D to Expand Uptake and Reduce Supply Chain Vulnerabilities

Smart R&D investments hawe fpotential to restore U.S. leadership in batteries over time. For example,
some EV companies have already announced plans to reduce or eliminate nickel and cobalt from their
batteries, reducing supply chain vulnerabilities for those metals. Nevetlattelggies have the potential

to increase capacity and safety while reducing cost. The United States should support battery R&D to
strengthen our technology leadership position and reduce supply chain vulnerabilities.

Increase support for R&D te teattery cell costs, enhance performance, and reduce dependency on key critical rr

Congress should appropriate new R&D funding, including to the U.S. National Laboratories, to invest in
battery research that could reduce or eliminate the naed-fitium critical minerals in battery

technologies. Specific R&D focuses include: (1) reducing or eliminating critical or scarce materials needed
for EV or stationary batteries, including cobalt and nickel; (2) accelerating battery technology advances
including next generation lithitiom and lithiunnmetal batteries, including solid state design; and (3)
developing innovative methods and processes to pr
materials, and-etroduce those materiatsthe battery supply chaiddding strong domestic

manufacturing requirements to Fedefatiged R&D programs combined with incentives to build here in

the U.S will help establish a domestic manufacturing base for next generation technologies.

CreateManufacturing USA Institute foCHjggtity Batteries

Congress should appropriate new funding for the Manufacturing USA program to create an institute focused
on highcapacity batteries. Scaling from a lab prototype to the pilot scale is expensive and uncertain,
sometimes taking as long as a decade. ®ldanwfa i n g hS/admsodeh collaborating with

academic, industry and other stakeholders to test applications, train workeiskaingeftments, is

important to helping new technologies move frortotatarket. A new institute would suppb# t

development of nexteneration processing and strengthen manufacturing and recycling technologies.
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ABBREVIATIONS

ACCd Advanced Chemistry Cell

ARRA® American Recovery and Reinvestment Act
ARRTAGS American Recovery and Reinvestment Tax Act
ASD(EI&E) 6 Assistant Secretary of Defense for Energy, Installations, and Environment
ATVM 08 Advanced Technology Vehicle Management Loan Program
CFIUS8 Committee on Foreign Investment in the United States
Commercé Department of Commerce

DFC ¢ Development Finaxe Corporation

DLA-SM0a Defense Logistics Agency Strategic Materials
DOD ¢ Department of Defense

DOE & Department of Energy

DOI 6 Department of Interior

DOT 0 Department of Transportation

DPA ¢ Defense Production Act

DRC 0 Democratic Republic of the Congo

EESLO Energy Efficiency Services Limited

EPA d Environmental Protection Agency

ERGI 6 Energy Resource Governance Initiative

EU & European Union

EV & Electric Vehicle

FCABO Federal Consortium for Advanced Batteries
FEMP 6 Federal Energy Management Program

FVEY 0 Five Eyes

GDP 8 Gross Domestic Product

GM 0 General Motors

GML 0 General Mining Law

GOI 8 Government of India

GSAOJ General Services Administration

GWh & Gigawathour

IBAS @ Industrial Base Analysis and Sustainment

IP 0 Intellectual property

IRMA & Initiative for Responsible Mining Assurance
IRSO Internal Revenue Service

ISO 4 International Organization for Standardization

ITC & Investment Tax Credit

kWh 8 Kilowatthour

LDV 4 lightduty vehicle

LGESA LG Energy Solutions

Lo-No 6 Low and No Emissits

LPO 8 Loan Program Office

MIIT & Ministry of Industry and Information Technology
Mt & Million Metric Tonnes

MWh 8 Megawathour

NDS 6 National Defense Stockpiling

NEPA & National Environmental Policy Act

NEW & New energy vehicle

OEM 0 Original equipmemhanufacturer

PLI 8 Productiorlinked incentives

R&D & Research and development

RD&D 0 Research, development, and demonstration
Requirements RepdrStrategic and Critical Materials Report to Congress on Stockpile Requirements
SBIRd Small Business Inndivee Research

SEIA & Solar Energy Industry Association

SKI 8 SK Innovation
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SOC3 State of charge

SSEQ Solidstate electrolyte

STTRA Small Business Technology Transfer
TC 8 Technical Committee

TTCPO The Technical Cooperation Program
USDAJ Department ofAgriculture

USFS3 United States Forest Service

USGS0 United States Geological Survey
USMCAGQ United StateMexiceCanada Agreement
VTO 8 Vehicles Technologies Office

WH/kg & Watthour per kilogram

XUAR 8 Xinjiang Uyghur Autonomous Region
ZEV 0 Zero emision vehicle
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EXECUTIVE SUMMARY

Strategic and critical materials are the building blocks of a thriving economy and a strong national
defense. They can be found in nearly every electronic device, from personal computers to home
appliances, and they support high vadigeed manufacturingdhighwage jobs, in sectors such as
automotive and aerospace.

The global supply chain that delivers strategic and critical materials is nominally distributed, diverse,
and embraces market competition. Upon closer inspection though, these supgtg aehains

serious risk of disruptiinfrom natural disastersforce majesvents, for examiieand are rife

with political intervention and distortionary trade practices, including the use of forced labor.
Contrary to a common belief, this risk is maaa thmilitary vulnerability; it impacts the entire U.S.
economy and our values.

Furthermore, the need for strategic and critical materials is likely to intensify, in so far as these
materials also enhance or enable the performance of many envirorimentaiyn d 'y o gr een 6
technologies, such as electric vehicles, wind turbines, and advanced batteries. A recent report by the
I nternati onal Energy Agency (I EA) notes: OA t
of a conventional car and arsbore wind plant requires nine times more mineral resources than a
gasfired plant. Since 2010, the average amount of minerals needed for a new unit of power
generation has increased by 50 percent as the

In brief, the challenges and opportunities in strategic and critical material supply chains are
emblematic of the intense geopolitical competition of free@tury. Its complexity, global scope,
and crossutting nature compel a whollegovernment approach by the United States, as well as
close collaboration with our allies, partners, and the private grdfit@ectors.

To that end, this is an interagg assessment, for which the Department of Defense served as the
lead. Nearly every agency of the U.S. Government has a unique capability that can be brought to
bear to increase the sustainability of strategic and critical materials supply chsitisistidtisd

in prior studies under Executive Order (E.O.) 13817 and E.O. 13953, and this foundation and the
civiliarcentric nature of the challenge have infused the entirety of this assessment under E.O.
14017Amer i cads. Supply Chains

To address defsa and essential civilian supply chain risk for strategic and critical materials, the
President designated the Secretary of Defense as the National Defense Stockpile (NDS) Manager.
Congress established this position, and the National Defense Stockpite, pmdhe summer of

1939, with conflict in the Pacific already underway and the threat of a European conflict looming.
Later, throughout the Cold War, the NDS progr
mobilization enterprise, alongside robw&stment programs led by multiple-defense agencies

under the Defense Production Act (DPA) of 1950.

The end of the Cold War in 1991, three decades ago, marked the beginning of a global reorientation
of supply chains for strategic and critical mate&alurces of supply, previously locked behind the
Communi st olron Curtain, 6 became available to
The economy of China, which at that time was only 6 percent of the size of the U.S. economy,

I International Energy Agencif,he Role of Critical Minerals in Clean Energy Transitightay 2021),
https://iea.org/reports/thmle-of-critical-mineralsin-cleanenergytransitions
152



began its meteio rise. Trade liberalization and globalinttgne supply chains became the order
of the day.

Economic efficiency took priority over diversity and sustainability ofisupgudyg manifest in the

slow erosion of manufacturing capabilities throughoUlnited States and many other nations. In
addition, as the point of consumption drifted farther and farther from the point of production, U.S.
manufacturers increasingly lost visibility into the risk accumulating in their supply chains. Their
supplierof strategic and critical materials, and even the workforce skills necessary to produce and
process those materials into valdéed goods, became increasingly concentrated offshore. In such
opaque conditions, the exploitation of forced labor and aadisfegenvironmental emissions and
workforce health and safety could thrive.

In parallel, the impetus for national mobilization programs fell by the wayside. The Federal
Governmentreapedamddti | | i on dol | ar oOpeace dials,adendo fr
core capabilities at ndefense agencies to study, characterize and mitigate risk in the strategic and
critical materials sector atrophied.

Today, at the beginning of the third decade of theePiury, a new industrial era of-tawbon

and ncreasingly energy efficient products is converging with autonomous anebfAié&ings

devices, which may lead to massive gains in productivity and economic growth. If the United States
wants to capture the full benefits of this new era, we musbélso the sustainability of our

strategic and critical materials supply chains. The Department of Defense can play an important
role, but the Department cannot cany this task alone. This is a task for the Nation.

The U.S. Government, collectiyblgs examined the risk in strategic and critical materials supply
chains for decades. Now is the time for decisive, comprehensive action by-Herifgden
Administration, by the Congress, and by stakeholders from industry-gonderomental

organizabns to support sustainable production and conservation of strategic and critical materials.

INTRODUCTION

Strategic and critical materials and their supply chains are the bedrockddechmnufacturing and the
development, production, delivery, arslasnment of essential services, such as telecommunications and
computing, food and agriculture, finance, healtlecareation, transportatioaind public safety.

In civilian sectors of the U.S. economy, strategic and critical materials and theliamgpphg essential to

countless manufactured goods, ranging from personal electronics and consumables for fuel, food, and
medi cal supplies, to home construction and sust ai
strategic and criitmaterials strengthens the global economy and helps improve the quality of life.

In the defense industrial base, strategic and critical materials ensure that U.S. Armed Forces and those of our
allies can conduct and sustain operations, while expghadingput and development of military items to

maintain technical dominance over adversaries. Without these materials, history shows that industrialized
nations have been compelled to make performanceftfisadad suboptimal capital allocations, which

contributed to their defeat on the battlefield.

Though domestic strategic and critical materials production represents only a small fraction of total U.S.
employment and Gross Domestic Product (GDP), downstream manufacturing and related service sectors
support substantially greater economic output and jobs. For example, annual domestic mining activities,
valued at less than $100 billon, enable more than $3 trillion in domestidealmedustry sectors, out of a
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$20 trillion econon®This contributiorto downstream manufacturing and service sectors is indicative of the
derivative value of strategic and critical materials.

Strategic and Critical Materials Define#

This collaborative work builds upon recurring assessments of strategic and critical materials across the
interagency, such as recent work led by the Departments of Commerce and the Interior under E.O. 13817, A
Federal Strategy To Ensure Secure and R8ligiphkes of Critical Minerals, and E.O. 13953, Addressing

the Threat to Domestic Supply Chain from Reliance on Critical Minerals from Foreign Adversaries and
Supporting the Domestic Mining and ProcSemlyi ng | nd
Chains, the Department of Defense (DoD) assessessiffence f supply chains for o0st
material sé6 i n it shwitheupportfeom the imeragedy.S Manager ,

Though si mil ar °thedefiniton of stratega hnd anitical enatexidlssfar the
purposes of the Strategic and Critical Materials Stockpiling Act (faLO79.C. 9& seq(the
Stockpiling Act) encompasses any mattadlare:

Needed to supply the military, indukteiad essential civilian needs of the United States during a
national emergency, and

Not found or produced in the United States in sufficient quantities to meet such need.

Functionally, the analytical fnrdancerwiotrikc aflo rmaodtcerriitail
with two fundamental differences. First, the organizing principle for critical minerals is mining, mineral
processing, and related met al products or compoun

broaderijncluding downstream products and materials produced outside of mining activities (e.g., carbon
fibers). Second, the NDS Manager function presupposes a national emergency scenario or a more stressful
mobilization scenario.

In light of these differencesgcurring assessments of critical minerals under E.O. 13817 have identified 35
commodi ties and mi ni®oDadsthe NDS Manageri nionitorarhorertham260r al s . 6
unique strategic and critical materials; some findings of this modelitte&iskr-actors at the Level of

Armed Conflggtction of this report. Thus, this report subsumes issues in critical minerals supply chains into
the broader discussion of strategic and critical materials.

Notwithstanding DoDO0s ismemergesegmiewneén f rtameswonmr &p o mwt
observations, strategy, and recommendations represent the consolidated views of the interagency

2U.S. Geological Survewlineral Commodity Summaries 20@manuary 29, 2021),
https://pubs.usgs.gov/periodicals/mcs2021/mcs2021.pdf.

3 Note: Significant quantities of strategic and critical materials may be found on the seabed, but the industry to

extract these resources remains nascent, given both techniéahgas of mining in the marine environment and

the potential for significant environmental harm. On the other hand, substantial portions of mineral exploration

leases are held by foreign sources, providing not only a potential supply benefit, buthlssed@chnology

development associated with unmanned undersea vessels and hyrographic mapping. Though seabed resources may
provide a significant future source of strategic and critical materials, they are not covered by this report.

4 As appointed in th Strategic and Critical Materials Stock Piling Act of 1979 (50 U.S.Cet 88¢), specifically

50 U.S.C. 98h7.

SAs defined in E.O. 13817, a critical mi ner al i s Aa min
E.O.] to be (i) amonfuel mineral or mineral material essential to the economic and national security of the United
States, (ii) the supply chain of which is vulnerable to disruption, and (iii) that serves an essential function in the
manufacturing of a product, the absermd which would have significant consequences for our economy or our

national security.o 82 Fed. Reg. 60835. -2280%a7, https: .
federalstrategyto-ensuresecureandreliable suppliesof-critical-minerals
Department of the Interior, AFinal List of Critical Mi

https://federalregister.gov/documents/2018/05/18/2D0@6 7 /[finatlist-of-critical-minerals2018.
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and provide a concise whofegovernment approach to the strategic and critical materials sector.

This approach alsomirre Do D&s | ongstanding results from 1
under national emergency scenarios. For more than a decade, DoD has consistently found that the
essential civilian industitgd bear the preponderance of harm from a disruptitnatefgsc and

critical materials supply.

MAPPING THE SUPPLY CHAIN

Description of Strategic and Critical Materials Production
Overview

The supply chain for strategic and critical materials generally begins with mining the raw material. Open pit

or underground mining techniques are used to extract ore, which is then crushed and ground into a size that
enables its separation into metal oxides and or other chemical forms (e.g., halides). Some strategic and critical
materials, such as lithium, mayxXteeted by ksitue mining and extraction techniques. After this

beneficiation or concentration process, the material is smelted or refined using electrolytic or

pyrometallurgical processes to produce a purified powder, metal, or other materidinalda@mi Final

steps include further refining, manufacturing, cutting, and polishing intdiristesdior finished product

with uniqgue materi al properties depending on the
described belaw

9 Beneficiation consists of physical processing techniques in which mined ore is sorted and crushed into
smaller particle sizes for subsequent downstream processing operations. Beneficiation processes may be
as simple as hapitking and sorting to mecli@ai or chemical processes such as froth flotation, in
which air bubbles are injected into archemical mixture to allow foararrying ore particles to be
separated from waste rock. In rare earth and other mineral processing operations, the result of
beneficiation often is called a oOmineral concent
oxide (TREQO) content ranging from 40 percent to 60 percent.

1 Hydrometallurgy consists of multiple liqutd-liquid processing operations that furtieenave trace
element impurities and separate individual strategic and critical materials from one another. Common
hydrometallurgical processes include ion exchange and solvent extraction, with the former dating to
World War Il and the latter developedh@ 1970s. Industry and the U.S. Government have sponsored
significant research and development (R&D) in this area to minimize environmental impact and increase
process efficiency, given the significant quantities of chemical reagents and potesmdigrwaste
discharges associated with hydrometallurgical operations. In a rare earth processing operation, the result
of hydrometallurgical processes generally is in the form of a rare earth oxide, with a TREO content
ranging from not less than 99 percent (8/99.999 percent (5N).

1 Pyrometallurgy and Electrolysisonsists of multiple processing operations which use heat or
electricity to separate the oxide, halide, or othenatal component of a metal salt from a resulting
hydrometallurgical or benefiiwa process. There are key tradeoffs associated with both processing
routes. Electrolysis can have higher production rates since it runs continuously, but due to its continuous
nature, it can be more costly in the long run when an electrolytic preisesdown andstarted,
rather than simply absorb its shiart operating losses. This is a significant challenge in the aluminum
sector. On the other hand, pyrometallurgical processes, like metal reduction or distillation, generally are
batchtype gerations, but they can produce significantly higher purity metal products. The resulting
metal products from either pyrometallurgy or electrolysis also may undergo subsequent purification steps,
such as zone refining, to further improve metal puritial pfeducts resulting from this processing step
or subsequent purification can range from 2N to much greater than 5N.
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91 Finishing consists of dozens of different downstream production processes, which lead a metal product

towards its specific eds e .

OFinishingé i

n this context i nco

steps such as melting and alloying with other matertalg, caifling of alloys to fine powders, sintering
and pressing of metal powders, and machining of the consolidated metal products to the desired form.

Each step in this production chiinbeneficiation, hydrometallurgy, electrolysis and pyrometalthargy,
finishingf is a distinct technical discipline that can require years of practice to perfect. Once those
workforce skills are lost, reconstituting them is extremely expensive, both in terms of higher costs and
inefficient production, and may requinporting technical expertise from foreign sources teugatch

global production and quality benchmarks. Ultimately, each strategic and critical material has a unique
version of the above generalized process description, with further examples x Appendi

Material Flow Analyses

Material flow analyses are an important tool towadkghe above processing steps to global production

and demand for strategic and critical materials from primary sources (e.g., mining) as walhessthe in

and postonsumer recycling of strategic and critical materials. Analysis of potential supply shortages, supply
diversification and security, resource efficiency, and the potential for future recycling is facilitated by such
studies. The flow of materials throtlghvarious stages of a supply chain can be illustrated using a Sankey
diagram, an example of which is shoviAigarel5for tantalun®.

Figurels5 Sample Material Flow Diagram, Tantalum
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Tantalum is a strategic and critical material for which the United States meets 100 penoegrtadf its
consumption needs from foreign sources. The most significant demand driver for tantalum is in the
electronics market, in the form of tantalum capacitor and wire products, but DoD has important tantalum
requirements in the form of commercial aralake goods (e.g., aerospace alloys and electronics), as well as
defenseunique items (e.g., explosively formed projectiles). Tantalum is of sufficient importance to defense
supply chains that Congress implemented sourcing restrictions on this meadéhniedsathrough 10 U.S.C.

2533c.

Material flow analyses are also an important tool to identify outsized foreign reliance and vertical integration
in supply chains. The neodymiinom-boron (NdFeB) magnet supply chain is an example of a strategic and
critical materials supply chain where one country is able to maintain vertical capabilities throughout the
supply chain, while multiple other countries operate at only select tiers (see Figure 2). These examples show
that material flows can potentially ddatively concentrated within a country, or they can follow a circuitous

7 All appendicies to this document arlassified asJNCLASSIFIED//CONTROLLED UNCLASSIFIED

INFORMATION.
EN. T. Nassar, @dShifts
and RecyclingVol. 124 (October 2017), pp 2250,

and

trends

i n Regdurcds,abnseavatibonrh r o p o g en

https://sciencedirect.com/science/artiaked/pii/S0921344917301556?via percent3Dihub
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global path. Though only China has all essential supply chain tiers, at least some nominal capacity exists for
each tier in a combination of countries outside China.

Figure 2: Globd.ocations for NdFeB Supply Chain Tiers

; Separation to REQ° ; NdFeB
Magnets

Australia A PILOT
Burma
(Myanmar) A A
Burundi A
China A A A A A A A
Estonia A
Germany A
France A A
Malaysia A A
Russia A A A
India A A A
Japan A A A A
Kazakhstan IDLE
United ** *%k *k %k
States A IDLE IDLE
United
Kingdom A A
Vietnam A A A
Other A A A A A A

In-Process and PosConsumer Recycling

The National Minerals Information Center at the U.S. Geological Survey collects information on recycling for
various mineral commodities. Recycling rates for major metals often are very high; steel recycling rates
typically exceed 80 percent annually, satisfying a substantial proportion of annual consumption. The data
surrounding recycling rates for strategic and critical materials, however, is highly variable and relies on
voluntary submissions of business propyiagiformation. In some cases, little or no data is available to the

U.S. Government, though at the opposite extreme, some strategic and critical materials are derived exclusively
from postconsumer recycling processes, such as certaipfiession améfrigerant gases. When

available, data related to secondary supply is incorporated into U.S. Government supply and demand
forecasts for strategic and critical materials, within Appendix A and Appendix B.

Recycling of rare earth permanent magnetsaisaof increasing activity among domestic entities, including

one company sponsored by the DoD under a Defense Production Act (DPA) Title 1ll award and an active
area of research funded by the Department of Energy. Interest in recycling lithiumiésrabsites

developing rapidly, supported by research funding from the Department of Energy and an expectation of
increased supply as the first generation of ksledttic and full electric vehicles become available for

recycling. Though increasing/aling rates for strategic and critical materials is advantageous, recycling

alone is typically inadequate to supply the volumes of material required for domestic consumption. Even if
100 percent recycling rates were achieved for a particular supphcobasmg demand necessitates

primary production. Copper, for example, has very high recycling rates but recycled copper currently supplies

9 ** Represents supply chain tiers in which the U.S. Government is currently working with industgstalésh
capacity.
10 Rare Earth Oxide.
111 ight Rare Earth Element.
12 Heavy Rare Earth Element.
15



less than 40 percent of annual U.S. consumption, the balance of which is made up of primary mined ore and
procesed metal.

Domestic Sources of Strategic and Critical Materials
Development Timelines for Domestic Operations

As a series of complex extraction, chemical, and refining operations, establishing strategic and critical material
production is an extremddyngthy process. Independent of permitting activities, a reasonable industry
benchmark for the development of a midgaakd strategic and critical materials project is not less than ten
years.

Figure 3: Overview of Development Timeline for Greenfigltb&ic & Critical Materials Proj&cts

1. Establish Resource 2. Mineralogy 3. Scoping Studies 4. Beneficiation/Extraction/
(2-5 years) (1-3 years) (1-3 years) Separation Pilot Plant (210 years)

¢ Establish resource that meef] ¢ Identification of ¢ Inferred resource & Demonstrate viability
local stock market regulation] minerals bearing 8 Bench scale process 8 Generate data for feasibility studies
the target product 8 Baseline environmental stu§ ¥ Samples sent foustomer evaluation
8 Generate data for environmental stud

5. Environmental 6. Letters of Intent o :

: 7. Feasibility Study & 8. Construction & Startup
Assessments & Approvals| (concomitant with 1-5 years ing (2- 3
(Variable) ( years) | Funding (2-4 years) (2-3 years)

8 Public review

8 Integrate operations with 8 +15 percent accuracy for ¢ Sophisticated engineering, procurem
customer supply chains capital and construction studies
expenditure and operating | ¥ De-bugging/Optimizing operatis
expenditure estimates

Moreover, it is quite common for most companies to fail to reach the end of this development process,

simply due to the long project development time without cash flows to offset expenses and the technical
challenges associated with large, comgect financing for materials production. For exaniphe a

peak of industry and market interest in the rare earth sector in early 2Echriblegy Metals Research
OAdvanckEar tRlag eProject I ndexd trackederapproxi mat e
development by 180 publittgded companies in 30 countries, excluding projects in China, Russia, and
Indial* As of April 2021, only two of these projects entereddalé production, and two others

remain in pileplant productioil a combined suess rate of 1.5 percent over the past decade.

U.S. Production and Net Import Reliance

The United States has always relied on imports of strategic and critical materials to meet its public and private
sector needs, even in wartime. Over the lasysady and especially since the end of the Cold War, U.S.
production has decreased and our net import reliance has grown across multiple strategic and critical
materials. Net import reliance is defined as the amount of imported material (includsin ehdstgey

stocks) minus exports as a percentage of domestic consuiimiogh encompassing all strategic and

critical materials, the number of fioal mineral commodities for which the United States is at least 25

percent import reliant has growon 21 products to 58 products from 1954 to the present, with current net
import reliance shown in Figure 4.

1 Derived from Dudley KingsnortiRare Earths: Reducing Our Dependence Upon ChitetatPages Rare Earths
Conference (September 2011); note that the development timeline for recycling projects or adding hew processing
circuits to existing primary producticfacilities may have a significantly shorterlears) development cycle.
“Gareth Hatch, Al ntr oduEdmtgh threo jFiduies sagdriredamoeryl®6, REHL), e
http://m.futuresmag.com/2011/01/06/introducingr-advanceetareearh-projectsindex
15 United States Geological Survegpmparison of U.S. Net Import Reliance for ffoal mineral commodities A
60-Year Retrospective (195842014) https://pubs.usgs.gov/fs/2015/3082/fs20153082.pdf
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Figure 4: U.S. Net Import Reliance (2020)
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This evaluation of net import reliance is constrained to observable U.S. and internatsbaigsticsdier

di rect demand.

Direct

demand

reliance for materials is captured by an evaluation of embeddedidempand of intermediate goods and
valueadded finished products that already contain strategidti@atimaterials.

An excellent example of embedded demand versus direct demand is the rare earth market. U.S. mine
production of rare earth elements was approximately 28,000 metric tons in 2019, with direct U.S. imports of

approximately 13,000 metrinddrare earth oxide equivalent basis). U.S. production and imports,
respectively, constitute about 12 percent and 5 percent of global rare earth @rédtetionlk of U.S.
production is in the form of mineral/chemical concentrates and some lightttaoxides, and similarly,

16 U.S. Geological Survewlineral Canmodity Summaries 202lanuary 29, 2021),

https://pubs.usgs.gov/periodicals/mcs2021/mcs2021.pdf

17U.S. Geological Survewlineral Commody Summarig¢sRare EarthgJanuary 2021),

https://pubs.usgs.gov/periodicals/mcs2021/mcs2@pdearths.pdf

15¢

records i mports
domestic manufacturing operations. However, certain sectors of the industrial base may have so atrophied
that no U.S. manufactuispurchasing said strategic and critical materials. At this point, U.S. net import



the preponderance of direct imports (by weight) are in the form of light rare earth compounds, principally
lanthanum, to support the domestic petrochemical industry.

The United States imports substantially greater quantities earth elements in vaageled products,
such as those listedAigure. Implicit in this trade phenomenon is the gradual decline htnestbm,
innovation, research, and human capital development (see Appendix A for more detail).

Figure 5: Downstream Applications for Rare Earth Elements
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U.S. and Allied8Production Base for Strategic an€ritical Materials
The Domestic Production Base

Working in close collaboration with the private sector and multiple interagency partners, DoD has mapped
multiple upstream tiers of the strategic and critical materials sector. This digital mapping tool, called the
Strategic Materials Assessment andlREigraphy (SMART), includes key domestic and international

nodes within strategic and critical material supply chains, the output and capacity for primary extraction and
downstream processing at these sites, as well as the relationships amongstthese @xdand

downstream manufacturing sectors. DoD constantly updates SMART vigeddataom across the U.S.
Government, open sources, and other business proprietary data in an effort to undetistasubplb

chain vulnerabilities in the stgadeand critical materials sector.

Outputs from SMART have been included in multiple reports to Congress pursuant to 50 855 &hd98h
DoD continues to use SMART, along with several other industrial base mapping tools, to identify and
proactively mit@ge potential vulnerabilities in the industrial base from the spread of-C®VID

For DoDds modeling of strategic and critical mate
Conflict and Appendix A), DoD used SMART to track 189 dorfaslites that currently produce or could

produce the strategic and critical materials within the mitigation tih@&Bithese models. Given the

significant shortfalls identified in this analysis, the U.S. industrial base has significant latent capacity that could
support U.S. essential civilian and defense requirements given appropriate market incentives. The precise
capabilities at the facilities indicatdeignre Gare not labeled for security purposes, but these facilities

represent a variety of mining, procgssind advanced materials capabilities.

Figure 6: Domestic Active and Potential Production Sites for Strategic & Critical Materials

Locations of Facilities and
Mines That Produce Critical
and Strategic Materials

18 Note The United States has multiple allies and security and trading partners that play a critical role in the
strategic and critical materials industrial base. This section provides an overview of only select partners in the
interest of brevity.
950U.S.C. 986 specifies a fAbaseod c oyed period torthe eeplénishdhentor ol | owe d
replacement of all munitions, combat support items, and weapon systems and related essential civilian and industrial
requirements after the conflict period.
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GLOBAL FOOTPRINT
Allies and Partners

The United States maintains robust relationships with its allies and patp@ertehe deeper integration

of defense and essential civilian supply chains. This engagement also is a core recommendation of the report
delivered pursuant to E.O. 13817, A Federal Strategy to Ensure Secure and Reliable Supplies of Critical
Minerals.Under this strategy, the United States entered into broad interagency critical minerals collaboration
engagements coordinated via diplomatic channels with Canada and Australia, and other countries have
requested similar agreements with the U.S. Governgmdottunately, the onset of the COVID

pandemic severely disrupted the 20nteragencyods abi

CANADA

Canada is a member of the National Technology and Industrial Base (NTIB) under 10 U.S.C. 2500.

Canadian companies grattsons are theonlynrbh. S. ent i ti es and persons who
sourced6 for the purposes of the DPA (50 U.S.C. 4
integrated nature of the U.S. and Canadian economies and thengesgstrrity relationship between the

United States and Canada.

This economic integration leads to Canada being the-Ergaistlimport source for those strategic and

critical materials for which the United States has net import reliance greatgretitenB0Canadian

mining and material processing companies export a variety of strategic and critical materials to the United
States, including highurity aluminum and gallium. The latter, gallium, is gaining more importance due to
new Internebf-Things and semiconductor applications, as well as longstanding applications in integrated
circuits, laser diodes, LEDs, solar cells, radar missile defense, and infrared imaging.

Trade in minerddased strategic and critical materials between the U.S. anéXtaeada$76 billion, and
Canada is a global hub for mining project finance, including the risk finance that supports junior mining
companies exploring for strategic and critical materials and developing the next generation of projects.
Canada has subdiahresource potential in existing operations and planned projects that could support U.S.
needs for cobalt, tantalum, antimony, and twenty additional strategic and critical materials.

20 A discussion of the impact of COVHD9 pandemic on DoD activities in the strategic and critical materials sector
is described in U.S. Department of Deferidscal Year 2020 Industrial Capabilities Report to Congr@sswuary
2021), https://www.businessasfse.gov/Portals/51/USA002528
percent20ICR_2020_Web.pdf?ver=03D76uGwxcg0On0Yxv@5hercent3d percent3d
2ly. s. Ge o | oMine@lCbmn®dity Sumrgaries 421 ( January 29, 2021),
https://pubs.usgs.gov/periodicals/mcs2021/mcs2021.pdf
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Figure 7: Canadian Strategic and Critical Material Déposits
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Australia also is a member of the NTIB. Although Australian entities are not considered a domestic source
for the purposes of the DPA, Australian companies have forged several important partnerships with U.S.
companies to participate in confragbpportunities related to strategic and critical materials. Key examples
of this work include joint ventures related to the processing of light and heavy rare earth oxides through the
Industrial Base Analysis & Sustainment (IBAS) program and BitlnéIDPA.

As a miner al resource rich country, mining has 1| o
percent in 20203 Australia also competes with Canada on a roughly equal basis for mining finance, with
Australia edgingut Canada ith a slightly greater share of global mining exploration expenditures ($1.5

billion versus $1.3 billion) in 2@WAustralia also holds vast deposits for a variety of rbiaeeal strategic

and critical materials, citing twentig of the thirtfive mirer al s on t he ocritical mi n
13817.

The Australian Government has created a Critical Minerals Facilitation Office and expanded the eligibility of
Export Finance Australia to support the development of critical minerals projeotsed{iees of this

office are enabling and attracting investment, international engagement, project finance, overseeing minerals
research, and developing Australiafds national str
Critical Mierals Prospectus 2020, Australia identified dozens of potential projects, ranging from early
explorati-neattpo®&phoyectt s.

22U.S. Geologal Surveynternational Geoscience Collaboration to Support Critical Mineral DiscovEagct
Sheet 202€8025 (July 2020), https://pubs.er.usgs.gov/publication/fs20203035
23 Australian Governmentivhy Australia: Benchmark Repd@@021), https://austradeng.au/benchmark
report/resilierdeconomy.
24 Prospectors & Developers Association of Canada (PDRM@jeral Finance 2020: Canada Holding Ground
(June 2020), https://pdac.ca/docs/defaolirce/priorities/acceds-capital/stateof-mineratfinancereports/pac
mineralfinance2020_revised_juné&8-2020.pdf?sfvrsn=c9ec9b98 2
25 Australian Governmenfustralian Critical Minerals Prospectu©ctober 2020),
https://austrade.gov.au/international/invest/opportunities/rescantesnergy
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Figure 8: Australian Strategic and Critical Material D&posits
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Japan is another important trading partner é.dally in the AsRacific region. Though not a member of
domestic
Defense Federal Acquisition Regulation Supplement (DFARS). Qualifying countrie=rédvete a
reciprocal defense procurement agreement with the United States to remove barriers to the purchase of
supplies manufactured in or services provided by the other €duntigr particular conditions, a

NTI B

oqualifying
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procedures.

el igible

as a

source
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countrybod
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Independent of this engagement with DoD, Japan is a founding member of trilateral critical materials
cooperation with the United States and the European Union (EU), an effort led by the U.S. Department of

Energy. The EWSJapan Trilateral on Criticaltstals is an important platform for experts from all three

parties to exchange technical data and approaches to building secure supply chains for critical materials.

Though not necessarily resotrick, Japan is a vital player in supply chains fogitiate critical
material8 as an import destination, a source of project finance, downstream manufacturing, and a materials
R&D hub. After 2010, in response to a territorial dispute with China whichdedac@hinese embargo

on rare earth exportiapan adopted a coordinated, national policy to diversify its rare earth supply chains,

combining R&D related to ewdHlife recycling, stockpiling thrifting, substitution, and new product
development for rare earth elements in-sweply, as well as piding project finance for overseas mining

projects.

EUROPEAN UNION

The principal mechanism through which the United States engages the EU on issues related to strategic and
critical materials is through the-B3-Japan Trilateral, although U.S. industsyatso been invited to
support

EU i ni

ti

ati

ves

t o

assess

their

i mport

26U.S. Geological Surveynternational Geoscience Collaboration to Support Critical Mineral DiscovEagct
Sheet 20268035 (July 2020), https://pubs.er.usgs.gov/publication/fs20203035
27 See DFARS 252.223001, Buy American and Balance of Payments Program and directly relatselsclmder
DFARS 252.225.
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0cr it i c dThe Airopeam Goiraission also releasédtaom Plan on Critical Raw Materials
September 2020, whicalls for the EU to reduce its dependence on foreign sources throughout the critical
materials value chain.

The United States maintains strong, informal communication with the EU via diplomatic channels to ensure a
consistent exchange of ideas, asawelktensive communication related to prospective legislation under the
European Green Deal framework and new EU regul ati
on which the United States also has due diligence requirements DutFtiamk Wall Street Reform and
Consumer Protection Act

A particularly instructive work for U.S. policy related to strategic and critical materials is the analysis
completed by multiple stakeholders across academia, industry, Europeakaog@&am govements,

and nonrgovernmental organizations through the European Rare Earth Competency(EBGMHN),
with some of this work now takap by the emerging European Raw Materials Afffaxet=worthy
recommendations from ERECON included:

1 Support promisingechnologies by funding indudtg pilot plants for innovative heavy rare earth
element processing;

9 Leveling the playing field for European heavy rare earth exploration thrawnglincpfor pre
feasibility and bankable feasibility studies; and

T Making vaste management rare e&igndly through eedesign, incentive schemes for collecting
priority waste products, and streamlining policy and waste reggdations.

Drivers of Market Demand for Strategic and Critical Materials
OvervielGrowth in the Cleridarket

As the worl dbés | argest nati onal economi es, t he Un
indirect consumers of strategic and critical mag2g83.he unprecedented growth of the Chinese

economy has fueled global growth in strategic and critical material markets, posing a strong incentive to
reorient supply chains. Since the end of the Col
expanded many times over (see Figure 9) to meet s
other countries conduct the initial beneficiation of a strategic and critical material, China dominates the
processing of strategic and critical mategiing it de facto control over the flow of material through the

supply chain.

28 European Commissio§t udy on t he EUG6s | i(Septentbér2020),i t i c al Raw Mater
https://ec.europa.eu/docsroom/documents/42883/attachments/1/translations/en/renditions/native
2% European CommissioGritical Raw Materials Rsilience: Charting a Path towards Greater Security and
Sustainability(September 2020), https://elex.europa.eu/legal
content/EN/TXT/PDF/?uri=CELEX:52020DC0474&from=EN
30 European Commissioluropean Rare Earth Competency Network (EREGON)
https://ec.etopa.eu/growth/sectors/ramaterials/specifiénterest/erecon_en; European Commisskuropean
Raw Materials Alliancehttps://erma.eu/
3! European Rare Earths Competency NetwStkengthening the European Rare Earths Suigin, Challenges
and policy @tions(October 2014), https://reinhardbuetikofer.ew/wp
content/uploads/2015/03/ERECON_Report_v05.pdf
2The World Bank, AGDP (current US$)o0o, worldbank.or g,
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD?most_recent_value_desc=true
B¥Jeff De€handbdbasStaggering Demand for Commodities, o vi:
https://visualcapitalist.com/chinataggeringdemandcommodities/
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Notwithstanding Chinads surging domestic product:i
exansion of Chinadés economy, from a nominal GDP of
substantial growth has |l ed to an equally substant
critical materials (see Figure3BBEAsCh nads demand for cobalt, copper,

and other specialized materials increased, China stepped up its efforts to capture the entire value chain in a
variety of modern technologies such as permanent magnets, batteries, addcermicon

Figure 10: China and United States Net Import Reliance (Coffipared)
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34U.S. Department of the Interidr,bnvesti gati on and Recommendations on our
Saurces of Critical MineralgSeptember 30, 2020), see Appendix G

®*The World Bank, AChina, o worldbank.org, htt
%Gulley, A.L., Nassar, N.T., and Xun, S., #@dCcC
emer gi ng t Prodeedings of the MasonabAcademy of Sciefdpsl 2, 2018),
https://pnas.org/content/pnas/115/16/4111 full.pdf

ps:// data.\
hina, the
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Meanwhile, China has implemented several policies, such as the Go Qutdalicg)erate its movement
into valueadded manufacturing sectors. Strategic and critical materials associated withitirediittieiry
material supply chain have seen significant Chinese Foreign Direct Investment (FDI) flows, typically
accompaniedyboff-take rights.

For example, Chinads nominal net import reliance
percent (see 0Sector 36 of Figure 10). That resu
pursued equity positionsartright ownership in cobalt assets in the Democratic Republic of the Congo,
Papua New Guinea, and Zambi a. Making the conseryv
position in a particular asset is the minimum levetl@fiafit will purchase,hen Chi nads Go Out
activities in cobalt have decreased 3IBmoddhod,s net i
China dominates downstream processing of cobalt (
global meerial flows for processed cobalt.

Of note, the United Statesd net import reliance f
elsewhere in this report, the absence of net import reliance does not necessarily indicate the absence of risk.
In this case, the Unit&latesloes not import cobalt ores and concentrates because it has no downstream
processing capability; consequently, the U.S. has high net import reliance indnigleddbrens of cobalt

(i .e., O0Sector 206) and cobres)t embedded in finishe

OvervielJ.S. Demand

Given their far upstream position relative to the goods and services typically purchased by U.S. consumers,
strategic and critical materials impact hundreds of sectors of the U.S. economy, as categorized by the North
Amertan Industry Classification System (NAICS).

To capture the relationship between strategic and critical materials to specific industry sectors as well as the
interdependencies amongst these sectors, DoD uses a combinatiorootpup@ind agesitased

emnomic modeling approaches. Due to a combination of statutory requirements (ref: 50 86%aid 98h

the intense data requirements to run these models, DoD exercises these models every two years and relies
heavily on support from across the Federal@ment, including the Departments of Commerce and the
Interior, federaljunded research and development centers, U.S. national laboratories, and other
Government agencies. DoD also actively engages key domestic and foreign market participatats to integr
business proprietary information into these models, to more precisely characterize potential shortfalls to
defense or essential civilian requirements during postulated national emergency or peacetime disruption
scenarios. The results of this mod@ksgcise are in Appendix A.

By way of example, the interagency has collected direct demand import statistics for rare earth elements from
the Department of Commerce and used dgesgd modeling in partnership with a national laboratory to

develop estimaef embedded demand in downstream sectors of the U.S. economy. To characterize the
economic impact of these materials on the broader U.S. economy, these direct and embedded demand
quantities, multipled by market prices, may be compared againstunansizeey data, also collected by

the Department of Commerce.

In the case of rare earth elements (see Figure 11), approximately $613 million in U.S. consumption of rare
earth elements unlocks approximately $496 billion in economicinassential civilian sectors including

87U.S-China Economic and Security Review Commiss®@m i ng Out: An Overview of Chin
Direct Invesment(March 2011), https://uscc.gov/sites/default/files/Research/GoingOut.pdf
38U.S. Department of the Interidrbnvesti gati on and Recommendations on our
Sources of Critical MineraléSeptember 30, 2020), see Appendix G
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petroleum refining, electromedical device manufacturing, automotive manufacturing, and search, detection,
and aeronautical instrument manufacturing.
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Figure 11: Economic Impact of Rare Earth Imports (by NAICS Code)

2016 expenditure Relative expenditure contribution for each industry

2016 Value Added . by rare earth elemerit
?{ﬁgs NAICS description Applications Z?Olﬁﬁt %r;railggg on REE3

(milionusp) P 9

(million USD) La Ce Pr Nd SmEu Gd Tb Dy Er Yb Y

324110 Petroleum refineries Catalyst $68,758 8.16 percent  $19.6 ||
325110 Petrochemical mfg. Catalyst $27,881 47.65 percent $0.3 | |
325130 Synthetic dye & pigment mfg. Pigments $3,047 28.13 percent $5.2 [ ]
325211 Plastics material & resin mfg. Other $30,379 20.21 percent $1.4
325212 Synthetic rubber mfg. Catalyst $2,772 19.22 percent $4.3 [ |
325411 Medicinal & botanical mfg. Other $6,970 21.01 percent $3.9 | ]
325510 Paint & coating mfg. Other $13,492 33.42 percent $1.1
327110 Pottery, ceramics, & plumbing fixture mfg. Ceramics $1,512 26.04 percent $0.03 | ]
327120 Clay building material & refractories mfg. Ceramics $3,441 27.11 percent $0.1 | ]
327212 Other pressed & blown glass & glassware mfg. Glass $2,281 30.38 percent $1.9
327910 Abrasive product mfg. Ceramics $3,992 49.16 percent $3.1 | |
331110 Iron & steel mills & ferroalloy mfg. Metallurgy $29,077 18.24 percent $9.5
333249 Other industrial machinery mfg. Magnets $8,629 13.19 percent $20.2
333314 Optical instrument & lens mfg. Glass $2,938 4.13 percent  $16.6
333316 Photographic & photocopying equipment mfg. Battery, Magnets $918 19.31 percent $3.1
333515 Cutting tool & machine tool accessory mfg. Ceramics $3,680 19.55 percent $0.4 | ]
333611 Turbine & turbine generator set units mfg. Ceramics, Magnets $6,421 22.97 percent $27.2
333618 Other engine equipment mfg. Ceramics $8,451 19.97 percent $0.1 | ]
333912 Air & gas compressor mfg. Magnets $4,593 23.87 percent $24.4
333991 Powerdriven handool mfg. Battery $1,652 21.98 percent $0.3
333993 Packaging machinery mfg. Magnets $3,569 20.79 percent $12.3
334111 Electronic computer mfg. Magnets, Phosphors $3,822 20.73 percent  $0.6
334112 Computer storage device mfg. Magnets $3,159 38.05 percent $77.7 | ]
334118 Computer terminal & other computer equipment mfg. Phosphors $4,218 24.37 percent $0.3
334210 Telephone apparatus mfg. Battery, Magnets, Phosphors $2,582 7.91 percent  $38.3 ]
334220 Radio & television broadcasting & wireless comm. equip. mfcBattery, Magnets, Phosphétslishing $14,998 9.33 percent $7.8
334413 Semiconductor & related device mfg. Ceramics, Polishing $26,923 22.27 percent $1.9 [ ]
334416 Capacitor, resistor, coil, transformer, & other inductor mfg. ~ Ceramics $1,868 10.22 percent $4.6 [ ]
334510 Electromedical & electrotherapeutic apparatus mfg. Magnets $17,132 21.17 percent $38.7 [ ]
334511 Search, detection, navigation system mfg. Magnets, Other $32,066 29.36 percent $24.8
334517 Irradiation apparatus mfg. Phosphors $5,082 25.29 percent $3.8 | |
334519 Other measuring & controlling device mfg. Ceramics, Magnets $6,467 17.93 percent $8.6
335110 Electric lamp bulb & part mfg. Phosphors $651 17.27 percent $30.7
335210 Small electrical appliance mfg. Battery $1,849 26.09 percent $0.4
33522 Major appliance mfg. Magnets $8,724 27.37 percent $0.9 | ]
'Value Added represents each industryods contributi on tnoal SBivey sf#lanDiactmesst i ¢ Pr
(ASM)
2Eac h i noparating prefibnsargin is calculated as the ratio of its operating profits tevenues. Operating profits are calculated as the difference
bet ween the total value of the industryods shi p me nuandertherfadlowingcategories mayrdlbor s er
fringe benefits (e.gemployee health insurance), cost of materials and energy, rental or lease payments, changes in inventories (inclutligmpfisisiverk in
progress, and materials and supplies), and other operating expBasador each parameter were obtained ftome U. S. Census Bureauds ¢/

3 Expenditures are based on the product of consumption quantities and the unit prices for each rare earth element gsfepsridédia. Consumption
guantities include direct (i.e., raw material) and embedded (i.sg ttuntained in finished and semifinished goods) of rare earth elements as estimated and
linked to individual North American Industry Classification System (NAICS) industries.

4 Color gradient indicates relative expenditure contribution from O percéitiefvio 100 percent (dark blue) of each rare earth element within an individual
industry (i.e., within each row).



335312
335314
335911
335921
335999
336320
336330
336350
336390
336412
336510
336999
339113
339115
339999

Motor & generator mfg.

Relay & industrial control mfg.
Storage battery mfg.

Fiber optic cable mfg.

Magnets

Magnets

Battery, Magnets
Ceramics, Glass, Other

All other miscellaneous electrical equipment & component mfgBattery

Motor vehicle electrical & electronic equipment mfg.
Motor vehicle steering & suspension components mfg.
Motor vehicle transmission & power train parts mfg.

Other motor vehicle parts mfg.

Aircraft engine & engine parts mfg.

Railroad rolling stock mfg.

All other transportation equipment mfg.
Surgical appliance & supplies mfg.

Ophthalmic goods mfg.
All other miscellaneous mfg.

Total or average

Phosphors

Magnets

Magnets

Battery, Catalyst, Phosphors
Ceramics

Magnets

Metallurgy

Battery, Ceramics

Polishing

Magnets, Metallurgy

19.01 percent
12.86 percent
15.83 percent
22.26 percent
15.45 percent
11.26 percent
8.76 percent

11.43 percent
10.68 percent
26.54 percent
4.82 percent

12.06 percent
27.23 percent
17.01 percent
23.32 percent
17.30 percent

$70.2

$15.8
$0.6
$0.2
$0.0
$51.3
$29.0
$10.5
$0.6
$2.7
$14.2
$0.3
$2.0
$16.8
$613.4
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Green Energy Demand

To avoid the worst impacts of the climate crisis, the-Baleis Administration has committed to 50
percent or more reduction of carbon dioxide (CO2) an€@@ygreenhouse gas pollution by 2D&ith a
longterm goal to reach netrio emissions 2050. Though Federal action is important, consumer and
investor demands, combined with prigatetor investment, increasingly are aligned around this level of
ambition.

The supply chain impact of deploying clean technologies at scale are significant and will require secure,
reliable access to strategic and critical materials materials. Examplestudseishetaan technologies

include rare earth elements for perntamagnets in electric vehicles and wind turbines; battery grade cobalt,
lithium, manganese, nickel, and graphite for vehicle batteries and grid storage; gallium and many other
materials for semiconductors used in LEDs and power electronics used in sdlat apstems; and

magnesium and aluminum for vehicle lightweighting.

The Department of Energy | eads the U.S. Governmen
modeling for green energy and energy conservation technologies throitighlitda@erials Strate?)y.

Independent of this assessment withheld as Controlled Unclassified Information by the Department of

Energy, industry assessments indicate that forthcoming demand fegtaaktemjckel, cobalt, and lithium

is expected to expand dramatically with glipibake in electric vehicles and stationary storage batteries (see
Figure 12). The projected demand for electric vehicles also is expected to drive demand for the rare earth
elements used in the magnets, even more so than is the case today.

The United ttes can develop secure and resilient supply chains for clean technologies with a broad value
based policy approach, including continuous research, primary production, downstream manufacturing, and
recycling. Given the environmental and labor legadgin§nincreased mineral production and

reclamation activities must be held to modern environmental standards, reguacibesabor

conditions, and consultation with affected communities, including Tribal Nations in go¥ernment
government consuttan. In doing so, the United States will make crucial progress towards meeting U.S.
economic and climate objectives.

1 The White Housefact Sheet: President Biden Sets 2030 Greenhouse Gas Pollution Reduction Target Aimed at
Creating GoodPaying Union Joband Securing U.S. Leadership on Clean Energy Technol®ies 22, 2021),
https://www.whitehouse.gov/briefiagpom/statementseleases/2021/04/22/fasheetpresidertbidensets2030
greenhous@aspollution-reductiontargetaimedat-creatinggoodpaying-unionjobs-andsecuringu-s-leadership
oncleanrenergytechnologies/
2 See Appendix B.
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Figure 12: Expanding Global Lithtinro n Bat t er y3 0 Megaf actori es

Megafactory capacity forecast by tier ranking

125.2 GWh (43%)
124.0 GWh (42%)
(—‘ 44.5 GWh (15%)

Total: 293.7 GWh

2018

2023

396.6 GWh (32%) 526.4 GWh (43%) 331.78 GWh (25%)
Total: 1,234.8 GWh
2028 616.0 GWh (30%) 829.1 GWh (41%) 581.98 GWh (29%)
Total: 2,027.1 GWh
0 500 1,000 1,500 2,000 2,500
GWh
Tier 1 Tier2 Tier3 Source: Benchmark Mineral Intelligence

Decline in U.S. Production and Processing Operations
Focus on L-G@est Production

Private sector participants are expeaseMirgjobal lesost produbarstrategic and critical materials. A

significant driver of this lewost profile is natural, comparative advantage from unique geologic occurrences

or an abundwe of related consumables and utilities (e.g., water and power). On the other hand, comparative
advantage also may result from negative market interventions, such as a general disregard for worker health
and safety, wasteater or hazardous emissiond, fanced labor.

For instance, the chemical materials used to manufacture energetic compounds frequently use extraction or
synthesis routes that have environmentally harmful waste streams. These waste streams can be controlled
only with costly mitigatieguipment. Countries whose environmental regulations are relatively lax (or even
norrexistent) can produce critical materials at a lower price, weakening suppliers where the regulations are
more stringent. In addition, government intervention may @re@igparative advantage by providing tax
incentives and credits, subsidies, and otharastrbenefits. This latter type of economic tradecraft is

difficult to challenge, outside of lengthy and sometimes costly enforcement actions using domestic and
international trade dispute settlement fora.

Product Differentiation

Strategic and critical materials also operate at two very different product extremes. On the one hand, the
primary extraction of many strategic and critical materials occurs as a lmyproguatiuct of much larger

industrial markefssuch as the recovery of rare earth elements from iron ore processing, or germanium from
zinc refining. Consequently, producers and consumers generally treat many strategic and critical materials like
commodiy products, with very little product differentiation among producers.

Counterintuitively, for the exact same strategic and critical materials, their downstradded/&ums

may be so differentiated that the materials are unique and propréesamgl®company. Though thrifting

may be possible at upstream supply chain tiers, downstream material forms are not readily substitutable in
their enduse application, and market demand is tightly concentrated in only a handful of applications. High
performance carbon fibers are an example of this trend. Though many different carbon fibers are available

SBenchmar k Miner al I ntelligence, fiThe Three Tiers of Ba
(September 13, 2019), https://benchmarkminerals.corttitleetiers-of-batteryme gaf act ori es/ ; ATi er s
production refer to (1) qualification for multinational electric vehicle producers outside of China, (2) qualification to
supply Chinese electric vehicle producers or other applications, and (3) no prior histoajiftédproduction.
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on the market, the specific carbon fibers suitable for the aerospace sector are limited to a mere handful of
sources in the world. For select high tgatpre, high modulus and high strength applications, only one
(nonU.S.) factory in the world is qualified to produce this material.

Permitting of Domestic Strategic and Critical Materials Production

Mining operatioris particularly when conducted outsitiestablished governaiicean have a significant

impact on the environment, including habitat destruction, air and water pollution, hazardous waste
generation, and other issues. As such, U.S. mining projects must comply with state and Federal laws, and
overseas mining projects must adhere to local laws and global standards designed to mitigate these impacts
and protect human health and the environment.

The process of permitting and conducting environmental assessments, environmental impact statements, and
related work are a separate time variable, additive to or concurrent with thendedadelopment

timeline for strategic and critical materials projects. The National Environmental Policy Act (NEPA), the
Clean Water Act, and the Clean Air Act are tommonly cited statutes affecting the strategic and critical
materials industry. NEPA also requires Federal agencies to consider the environmental impacts of proposed
Federal actions and generally provide opportunities the public for input. ThefhifssiGlean Water Act

is 0to restore and maintain the chemical, physica
aspects of the industry potentially influence nearby surface water and groundwater sources, including
discharges from irat ore extraction and multiple downstream processing operations (e.g., solvent

extraction). The Clean Air Act, first adopted in 1955 and maodified in 1970, regulates emission limits on 187
dangerous pollutants. Mine plan of operations approvals by laedleranagement agencies under Federal

mining regulations are required for mioiperation®n Federaliynanaged lands. Mining operations also

are subject to State permits and approvals.

Industry and related consulting groups have routinely citeditoamental regulatory process as an

impediment to strategic and critical materials production. Behre Dolbear, an industry advisory firm, regularly
evaluates the gl obal mi ning sector u&sThaUniedseven cr
States consistently scores high marks for the stability of its economic and political system, as well as currency
stability and active policing of corruption in the sector. But Behre Dolbear reporting also consistently gives
the U.S. very low markdated to permitting risk, citing approximately seven to ten years to obtain the

relevant permits for fedicale operations.

On the other hand, more recent analysis by the Fraser Institute related to the investment climate for mining
exploration indicatebdt the U.S., on the whole, several U.S.5tatesrticular, are among the best
jurisdictions in the workiSimilarly, a Government Accountability Office evaluation of U.S. Government

mine plan reviews found that approval processes, including N&P#omo 1 month to 11 years, with an
average time of 2 yed@rEhis evaluation further identified several key challenges to timely review and
approval of mine plans, such as incomplete or vague mine plans, insufficient Federal Government staff to
conduct eviews, changes in mine plans after submission, or complex or unusually high potential
environmental impacts.

4 Behre Dolbear2014 Ranking of Countries for Mining Investmgt14), https://dolbear.com/wp
content/uploads/2016/04/201hereto-Invest.pdf
5 Such as Idaho, Wyoming, Nevada, Utah, Alaska, and Arizona.
6 Jairo Yunis and Elmira Adkbari, Fraser Institute Survey of Mining Companies 2Q26bruary 23, 2021),
https://www.fraserinstitute.org/studies/annsalveyof-mining-companies2020
"U.S. Government Accountability Officelardrock Mining, BLM and Forest Service Have Taken SAot®ns to
Expedite the Mine Plan Review Process by Could Do Naeuary 2016), https://www.gao.gov/assets{tfao
165.pdf
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Ch i n aMNasket Nabivities

Whereas the United States is a market economy, the U.S. Department of Commerce classifies China as a
nonmarket conomy, meaning China does not Ooperate on 1
that sales of merchandise in such c&duntry do not

This characterization reflects markedly different policy prefenremommercial markets, made particularly
stark for strategic and critical materials. The dwindling U.S. production base for rare earth elements and rare
earthderived products illustrates these differences in policy choices and outcomes.

In the 1990¢he United States largely allowed its domestic rare earth market to operate under market
principles, with small careats for defensgpecific requirements. Meanwhile, according to the U.S.
International Trade Commission, Chinese companies were cittynwagious intellectual property rights
in their exports of lowwost NdFeB magnets to the U.S. markeR003, following acquisition by a

congl omerate including a Chinese entity, the Unit
operations ancelocated its operations to China in 2088nilarly, in 2015, the United States, Japan, and the
EU successfully challenged Chinads rare earth exp

Organization (WTO) dispute settlement mechanism, agnebd that those export restraints violated WTO
rulest! Yet, over the course of this period, from 1992 to 2020, the United States lost at least four NdFeB
production facilitie®,and the United States also lost at least three rare earth separéiget? facili

By contrast, the Chinese Government has focused on capturing discrete strategic and critical material markets
as a matter of state policy. For example, China implementeehddeditax (VAT) rebate for rare earth

exports in 1985, which contribdtto the erosion and then elimination of U.S. production in the global

mar ket . Figure 13 depicts the growth of Chinabds r
Chinads National Dev el op méterim Reduwatnhon thehMpanaGeonenibaf Boeigno n
Investment in the Rare Earth |mdhiskryprohibited foreign investors from establishing rare earth mining
enterprises in China and exclusiwetying anatontrolling rare earth smelting and separation projects. In
January 2014, Chinads Ministry of Industry and I n
and horizontal integration of Chinese rare earth compapigshing privatellgeld rare earth miners out of

the market in favor of a handful ofioatll champions. This central planning and active management of the

rare earth industrial base continues, with new draft management regulations under review and even more
expansion projects underway.

8See 19 U.S.C. 1677(18)(A)

9U.S. International Trade Commissidn,the Matter of Certain Neodymiuhron-Boron Magnets, Magnetllays,

and Articles Containing Sammvestigation No. 337A-372, Publication 2964 (May 1996),
https://usitc.gov/publications/337/pub2964.pdf

YDavid Moberg, fAMagnet Consol i dat ilnoTheselTime@aauarg23s bot h U. ¢
2004), https://inthesetimes.com/article/mago@bsolidatiorthreatenshoth-usjobs-andsecurity

"World Trade Organization, Di s p uitMeasuses Rdlate@ tonteenEixporfat®o mma r y )
of Rare Earths, Tungsten, and Madye numo ( May 2015) ,
https://wto.org/english/tratop_e/dispu_e/cases_e/ds431_e.htm

Zwal ter T. Benecki, fiMa g Amothdr ¥ear ofl SiguificamttChaypge D the Wagneticsv: 2 0 0 ¢
I ndustry, 0o waltbenecki.com (November 2005),
https:/waltbenecki.com/uploads/Another_Year_of_Significant_Change_in_the_Magnetics_Industry.

BJoseph Gambogi, fARare Earth Dilihesal Corhneodity Sutmmaries 2020 S . Geol

(January 2020), https://pubs.usgs.gov/periodicals/mcs2020/mcs2@2earths. pdf
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Figure 13: Global Rare Earth Production (2820}
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RISK ASSESSMENT

Overview

As noted in its reports on the health of the defense industriabbade assesses risk in the strategic and
critical materials sector in two tiers, at and below the level of armed conflict. DoD models the former set of
risk factors on a biennial basis, in accordance with its duties as the National Defense Stockpifeldtanage
the Strategic and Critical Materials Stockpiling Act of 1979 (50 U.S.C. 98 et seq.).

Though the magnitude of harm from market disruptions during armed conflict is high, the underlying causes
of these market disruptions are not new. Insteadahar® levies a uniquely intense set of requirements

upon an already fragile market. This fragility existé taddgr conditions well below the threshold of

Armed Conflidi and generally results from market forces pushing firms to pursue the mostaitpnomi
efficient or lowestost pathway to satisfy demand.

Over the past decade, peacetime supply chain disruptions have increased in frequency and intensity. The
COVID-19 pandemic is only the most recent, albeit severe, shock to global supply ¢hibiate bettor
companies must also contend with risks ranging from dliehated power outages to cyatacks and

disruption of shipping lanes. Core drivers of this absence of resilience in the strategic and critical materials
sector include the folldng risk factors:

Concentration of Supply

SingleSource Suppliers

Price Shocks

Human Capital Gaps

Conflict Minerals and Organized Crime
Forced Labor

=4 =4 4 4 49 9

Risk Factors below the Level of Armed Conflict
Concentration of Supply

Independent of direct U.S. imports, a significant portion of global production for strategic and critical
materials is concentrated in only one or a few countries. This lack of supplier diversity creates not only
market challenges for nascent produteispimeans a large portion of global supply is subject to single

14 Derived from U.S. Geological Survey data.
15 Department of Defens€&jscal Year 2019 Industrial Capabilities Report to Congrgsse 2020),
https://www.businessdefense.gov/Portals/51/Documents/Resources/USAO00954
20%20RPT%20Subj%20FY19®6I1CR%2007092020.pdf?ver=2020-10-124452180
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point disruption risk (e.g., natural disasters, shifting industrial or trade policies). Figure 14 shows that, on

average, across select strategic and critical materials, suppliedeliveesied from 2000 to 2014.

Figure 14: Marke&hare of Largest Global Producers for Select Méterials

2014
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(2000, 20 1 Citicah Materials StiatégyFebruary 2019), p 16.
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When a particular countryds share of gl obal produ
strategic and critical matetiah at ¢ o u nt r yforeigs macket dosninatoe rf eod & hde pur po s«
D o D & s -outputpruagerbased economic modelififrigure 15 displays a list of 37 shortfall strategic and

critical materials (see the sectisk Factors at the Level af Bonéicthat exhibit this foreign market

dominator criterion.

Figure 15: Strategic & Critical Materials Subject to a Foreign Market Dominator

Aluminum, high purity Manganese metal, electrolytic

Arsenic, molecular beam grade Neodymium

Barium Niobium

Beryllium metal Praseodymium

Beryllium ore, beryl ore Rare earth permanent magnets, NdFeB types
Bismuth Rare earth permanent magnets, Samarium Cobalt types
CarbonCarbon (multiple) Samarium

Cerium Scandium

Erbium Steel, 1080 grade ulliigh strengtleable tire cord
Energetic Materiafs Steel, grain oriented electrical steel sitiased
Europium Strontium

Fluorspar, acid grade Tin, low alpha

Graphite, isamolded civilian grade Tungsten, ammonium paratungstate

Graphite, isanolded defense grade Tungsten, ores and concentrates

Lanthanum Yttrium oxide

Lithium metal Zirconium

Magnesium metal

Byproduct and Coproduction Dependency

Byproduct production of strategic and critical materials can add significant value to an existing production
operation and improve the business case for a hascent producer. However, some strategic and critical
materials are derived exclusively from byproduct production, which means a fairly small market depends on
the prevailing dynamics of a separate but rarggr commaodity market. A mapping of this dependence is
shown in Figure 16.

7 The computatiomf the fraction of world supply that a specific country provides is made before any of the
conflict-related decrements are applied to its supply level.
18 Multiple types, see Appendix H.
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Figure 16: G®roduction Dependeri¢y
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Single Source Production

In some cases the concentration of supply can be so extreme that U.S. or global production is concentrated in
a single source. Current domesticsmlece, or single points of failure, in shortfall strategic and critical
material supply chains (8éskFactors at the Level of Armed @mfildwmiFigure 17.

Figure 17: Select Domestic Siyeirce Strategic and Critical Materials

Aluminum, high purity Magnesium metal

Aluminumlithium alloys Manganese, ferromanganese

Barium Rare earth permanenagnets, SmCo types
Beryllium metal Steel, grain oriented electrical steel shiasad
Beryllium ore, beryl ore Strontium

Boron powder Tantalum

Boron10 Isotop& Tin, low alpha

Energetic Materigls

N. T. Nassar, T. E. GraedsidE . M. pradug meatls arefteBhnologically essential but have
pr obl e mat SciencesAuvyamcd2915)phttps://advances.sciencemag.org/content/1/3/e140a18€ figure
demonstrates the relationship between critical materials that are producegraduts of primarproducts. This
figure does not provide a complete picture of all minerals on the Federal List of Critical Minerals, 2018,
https://federalregister.gov/documents/2018/05/18/2D0@6 7 /finatlist-of-critical-minerals2018.
20 Note: the Department of Defendas run only a limited number of isotope supply chains through its modeling
process for the National Defense Stockpile program. The Department of Energy maintains robust monitoring of and
participation in the isotope market, anetisk materials are cared in Appendix D and Appendix E
21 See Appendix A and Appendix H
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More generally, in DoD modeling of stratagit critical materials under national emergency conditions, a
domestic sotsource provider exists for 29 of the 53 unclassified shortfall materials, and 18 materials have no
domestic production at all. Figure 19 illustrates U.S. reliance on singie plochesers for 83 percent of

shortfall materials for which domestic production exists. Outside of this assessment of strategic and critical
material supply chains, other DoD surveys have found that approximately 75 percent of energetic materials
usedm defense supply chains are-solgce products (see Appendix H).

Figure 19: Domestic Producers for Unclassified Shortfall Materials
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Skills and Human Capital Development Gaps

D o DBiscal Year 2020 Industrial Capabilities Reportita Cgriglessght ed t he vul ner abi |
wor kforced6 in advanced manufacturing. There is a
manufacturergisavisthe training programs available. Programmatic responses to education and training
needstill focus on fouyear STEMasetf programs rather than on digital industrial skills on the factory

floor. The Department of Commerce has summarized the real, yet seldom recognized, challenge to U.S.
economic competitiveness from labor shortfalls istthigegic and critical materials sectors as follows:

The entire U.S. critical minerals supply chain faces workforce challenges, including aging and
retiring personnel and faculty; public perceptions about the nature of mining and mineral
processing; andriEign competition for U.S. talent. Unless these challenges are addressed,
there may not be enough qualified U.S. workers to meet domestic production needs across the
entire critical minerals supply chain.

For more than 35 years, the number of collegasnarersities with mining and extractive metallurgy

production programs has steadily decreased. A number of major colleges and universities have eliminated
their mining departments altogether. Others have reduced their emphasis in mining and minerals
ergineerin@4Former colleges of mining engineering have downsized to the point where they now exist as
small er departments under a universityds coll ege
education and knowledge is the reduced U.S. dlé&mnanining engineers and technicians.

22 STEM stands for Science, Technology, Engineering, and Mathematics.
23U.S. Department of Commerok Federal Strategy to Ensure Secure and Reliable Supplies of Critical Minerals
(June 4, 2019), https://commerce.gov/sites/default/files/202Critical_Minerals_Strategy_Final.pdf
%] . Harrison Daniel, AThe Circumstances, Events and P
Was |t t he CaviinmeBkgineebng,vadl. $2, Non 2 @pril 2010): p 20,
https://me.smenet.org/abstract.cfm?preview=1&articlelD=436&page=20
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With the elimination of these types of colleges and university departments, ostensibly for lack of funding or
demand or both, now only a handful of mining and miedatéd degregranting university programs are

left in the United States. This decline follows the defunding of the Bureau of Mines (USBM) 25 years ago,
which issued educational grants and assisted university programs across the country. By way of comparison,
China has 39 universities granting nlipepaessing and metallurgy degrees, thousands of undergraduate

and graduate students.

Many other downstream manufacturers continue to struggle to recruit and retain skilled workers, according to
a recent survey of small and mediimad manufacturers (ithose with fewer than 500 employees) by the
Manufacturing Instituteds Center for Manufacturin
to fill, 77 percent identified manufacturing and production skills, followed by maintenarexed repair

installation (42 percent), and engineering (39 péfcent).

Other evidence indicates hiring difficulties are concentrated among roughértenef U.S.

manufacturers, suggesting the skills challenge in U.S. manufacturing is manageable aodaagetrdble

policy actior26 Forging and incentivizing better structured connections between community and technical
colleges and manufacturers for-defined industrial skills pipelines is needed to address shortages of skilled
labor in the United StateIn one survey, most U.S. manufacturers reported that, though they were aware of
a community college in their region, only about half reported that they had conversations with the college
regarding skill issues and only about a quarter actuallyarsetuaity college for hiring new employees or
training incumbent worke¥s.,

Insufficient domestic workforce capabilities also represents a significant economic loss for the United States.
For example, during the | asarthminirgindustrly anésmeltng or t i ng
industry employed 4,000 and 40,600 people, respectively. These industries also generated $1.1 billion and
$10.5 billion in revenue over the same period, for a revenue to employment ratio of approximately $265,000
and $38,000 per employ280f note, rare earth mining and smelting operations are concentrated in non
urban provinces in which the average annual mining salary is less than $9,580 per year.

Conflict Minerals, Forced Labor, Organized Crime, and Riéteged Vulnerab

The production and trade of strategic and critical materials may involve a rangefaushady risks at

the mine site and at each subsequent node. Human rights violations, including forced or child labor,
profiteering by nostate actors, gmonmental pollution, the role of organized crime, and corruption are
increasingly concerning factors for minerals and materials supply chains. In response, modern consumers,
market economies, and even somemanket jurisdictions are increasingly ddmgithat private sector

supply chains conduct extensive due diligence and achieve higher productions standards. This dynamic is
playing out across many different types of supply chains, from clothing to chocolate, and critical minerals and
materials areonexception.

It is important to note that many of these issues are often associated with artisanaseaid smatg
when addressing mining at the source. Those valid issues notwithstandicgjelangeng also carries
many of these sanssues and concerns.

25The Manufacturing Institutélhe Manufacturing InstitutdKD Small and Mediur$ized Manufacturers Survey,
February 2021: afdPestPaniemic Wdtkfarcen@hlali@ngésebruary 2021),
https://themanufacturinginstitute.org/vepntent/uploads/2021/02/BKBII -SurveyFeb2021. pdf
%Andrew Weaver and Paul Osterman, @ASkil Ihdusrielmamnds and Mi
Labor Relations Reviewol. 70, No. 2 (March 2017),
https://journals.sagepub.com/doi/10.1177/0019793916660067
2’Paul Osterman and Andrew Weaver, fiCommunity Colleges :
C o n n e c Industrinl ReélationsVol. 55, No. 4 (October 2016), pp 52245,
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2835733
28 Data derived from the China Economic Census and National Bureau of Statistics of China for the 2013 reporting
period.
®Data derived from CB8tatistiesds Nati onal Bureau of
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The Department of Labor issues three regular asse8frorritgernational child and forced labor that

serve as a valuable resource for corporate responsibility and law enforcement to prevent and eliminate labor
abuses in global supphains. Though each has a distinct mandate, collectively they document the current
situation for child labor, forced labor, and force child labor around the globe. As of the latest release in
September 2020, the List of Goods Produced by Child Ldbanced Labor includes 32 goods and 13

goods, respectively are produced using child labor or forced labor in the mining and quarrying sector.
Strategic and critical materials on this list include cobalt, tin, tantalum, and tungsten.

Conflict Minerals

Thelthi ted Statesd effort to break the connection be
was established through Section 1502 of the Wall Street Reform and Consumer ProtectioniAatsof 2010

known as DoddFrank 1502. DodBr ank 15@2néd éfichesi der altantalitecassi t er
wolframite, gold, or their derivatives, which include tin, tantalum, tungstéi 310G quires those

companies who manufacture products or contract to have products manufactured that contaiswr&TG that
necessary to the functionality or production of those products to have certain reporting requirements to the
Securities and Exchange Commission (SEC). If a company reasonably believes the 3TG they use may have
originated in the Democratic Republithef Congo (DRC) or its adjoining neighbors, the company is

expected to file a conflictinerals report with the SEC describing its supply chain due diligence efforts aimed

at the source and chain of custody of those minerals.

Section 1502 also provides$eeretary of State with the authority to designate additional conflict minerals
beyond 3TG, based on a determination that such minerals are financing conflict in the DRC or an adjoining
country. In addition, as of January 2021, the EU is implemeimiilgraagulation covering EU importers

of these same minerals when importing from an undefined list of-effeftietd and higlisk areas. The

United States and the EU actively support and promote private sector application of the Organization for
Economic Ceoperation and Development (OECD) Supply Chain Due Diligence for minerals as the key tool
for companies to understand their supply chains.

Approximately 1,200 companies provide annual conflict minerals reports to the SEC on their efforts to

descrile the source and chain of custody of conflict minerals in their supply chains. Given active U.S.
reporting requirements and the EUO6s emerging requ
jewelry, and medical industfiesvhich comprise thbulk of industries most reliant on 3 Ghave largely

adapted to the resulting culture of supply chain due diligence.

Forced and Child Labor

The Trafficking Victims Protection Reauthorization Act of 2005 (Public L-84/7)@Be Department of

Labor (DoL) to produce a biannual list of goods it has reason to believe are produced by child or forced labor
(TVPRA list). The 2020 TVPRA list features 155 goods in 77 countries. The list includestatuore, ta

ore (coltan), and tungsten ore (wolframite¢dwith forced labor, including forced child labor, from the
Democratic Republic of the Congo (DRC); and gold produced with forced labor, including forced child

labor, from Burkina Faso and the DRC. E.O. 13126 duisthaf Products Produced bgrHodmdured Child

Labotis intended to ensure that Federal agencies do not procure goods made by forced or indentured child
labor, and Section 307 of the Tariff Act of 1930 (19 U.S.C. 81307) prohibits importing any product that was

oy, s. Department of Labor, AFindings on the Worst For
https://www.dol.gov/agencies/ilab/resources/reports/dhi@db or / f i ndi ngs; U. S. Depart men
Produced by Chil d L ab o w.dad.gov/dgencies/éall/reporssichdabad/listofrgbodsp s : / / ww

Uu. S. Depart ment of Labor, AList of Products Produced |

https://www.dol.gov/agencies/ilab/reports/chigbor/listof-products
31 Separate from the reporting ecement under Dodérank 1502, Congress also has adopted new procurement
restrictions on DoD procurement of end items and materials containing tantalum and tungsten metal products, as
well as two forms of rare earth permanent magnets. These procurestentions are implemented in 10 U.S.C.
2533c.
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mined, produced, oranufactured wholly or in part by forced labor, including forced or indentured child
labor.

To help mitigate these risks of child labor and forced labor in supply chains, including in the extractive sector,
DoL develope@omply Chain: Business ToalofoCampliance in Global Supply@impig Chain

provides practical, stby-step guidance on critical elements of social compliance and is designed for
companies that do not have a social compliance system in place or those needing to sirengstieg the
systems.

Transnational Organized Crime (TOC)

TOC groups, including drug traffickers and insurgent groups, use illegally mined gold and other materials to
reap billions in illicit profits. They also use gold trafficking to launder profitgéHewritlicit activities.

Though gold is not a strategic and critical material, government policy in this area is highly instructive for
strategic and critical materials more generally. The United States does not have criminal laws to investigate
commodties that have been illegally mined in other jurisdictions, and so U.S. law enforcement organizations
increasingly have relied on Federal money laundering statutes to address this illicit activity.

Working with the Organization of American States, for@eathe State Department has established a

regional enforcement system to combat illegal mining financial structures. This project builds the capacity of
authorities in Brazil, Colombia, Ecuador, Guyana, Peru, and Suriname responsible for cexqélaythd) il

mining in order to increase investigations and convictions for crimes related to illegal mining and increase the
guantity and value of seized and confiscated assets linked to illegal mining criminal networks in all targeted
countries.

Market/Ecaamic Shocks

Strategic and critical materials markets are often very small and, because efforts to increase production are
complex project finance undertakings, supply is relatively inelastic in-the siiRetent data collected by

the Critical MineraSubcommittee of the National Science and Technology Council (NSTC), shows
aggregate supply for several strategic and critical materials slowly rising ovtarthe Ouegr the same

period, however, this NSTC subcommittee found significantsihgrice volatility for many of the same

strategic and critical materials (see Figure 19 and Figure 20).

Figure 19: Annual Global Production (Select Materials2@D8R
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32 Derived from National Science and Technology Cougkessment of Critical Minerals: Updated Application of
Screening MethodologWWashington, DC: NSTC, February 2018), https://trumpwhitehouse.arclhovésmy
content/uploads/2018/02/AssessmefiCritical-MineralsUpdate2018.pdf
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Figure 20: Indexed Annual Price (Select Material2@DBe
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Perhaps thbestknown case of significant price volatility in the strategic and critical materials market was the
massive shift in prices for rare earth elements over the course of 2010 and 2011 (see Figure 21). In short, the
combined effects of changesinthe admsit r at i on of Chinads rare earth e
between Japan and China in the East China Sea, and capricious enforcement of Chinese customs led to
exponential increases in rare earth prices. Anecdotally, price quotes foe sglghtmaaterials were

available to U.S. buyers for only a few hours, before the pledged materials (at that price) would be taken by
other consumers. The price spikeoffe wave of R&D, substitution, and some sugiply investments,
butbythetime#th r are earth prices returned to onormal é a
chains had waned.

Figure 21: Prices for Select Rare Earth Elements, Benchmark@19p02
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Unfair Foreign Trade Practices

Another risk to critical material supply chains involves unfair foreign trade practices that distort global prices
and affect the competitiveness of U.S. producers. These include but are not limited to export restrictions

33 Ibid.
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that incentivize domestic protian and processing; theft of intellectual property, particularly related to

processing technology; and export subsidies. The United States enforces a range of U.S. trade laws to addres:
such trade practices both in the United States and at the Wal@fgardization (WTO), often in

coordination with other trading partners that are similarly affected.

The United States has brought 23 cases against China since its accession to the WTO. Of those, eleven cases
were decided in favor of the United Statas,settled via consultation, and the balance are outstanding.

Some of these cases have rolled back discriminatory governmental trade practices that provided preferences
for Chinads domestic industry at Tprhcicegersiggense of f
including dumping.

oOoDumpingo6 generally refers to the practice of exp
price of a like product in the domestic market. Though costly airdafetive, several U.S. industry

segnents have obtained favorable findings undedwanping investigations for strategic and critical

materials, including duties greater than 140 percent on Chinese magnesium metal exports. China produces
about 78 percent of global magnesium, and thed&tates has a ssleurce domestic producer of primary
magnesium metal. Magnesium alloys help to reduce the weight of cars, and sreagressitmalloys are

essential for certain rotaaynd fixeewing aircraft castings. The former is especiallytanptor traditional,

internal combustion engine vehicles to meet increasingly stringent fuel economy standards.

As of April 2021, the United States has mor&lamping and countervailing duty orders against China than
any other natiagn 215 of 576 ordef$ Of note, almost 60 percent of these antidumping and countervailing
duty orders cover chemicals, steel products, and other metals and minerals.

Other foreign practices also can unfairly depress the prices of strategic and critical materials, thas harming
competitiveness of U.S. producers and their commercial viability. Unfair competitive advantages include lax
enforcement of environmental or worker health and safety regulations, as well as government intervention
(e.g., sales or purchases) to supatidnal champions. Though China is often cited as a quintessential

culprit of unfair trade practices, other countries that produce strategitcattaterials also have pursued

such unfair advantages.

Risk Factors at the Level of Armed Conflict
National Defense Emergency Scenario Modeling

As the National Defense Stockpile Manager, DoD undertakes regular economic arobsesharialeling

of strategic and critical material supply chains. The Defense Logistics Agency Strategic Materials (DLA SM)
leads this work, offering detailed insights into strategic and critical material markets, and relevant
dependencies, under national emergency conditteStrategic and Critical Materials 2021 Report on Stockpile
Requireménitsthe most recent and firegition, due to the repeal of this reporting requirement pursuant to
Section 1061 of Public Law (P.L.)-328.

Per the Stockpiling Act, each edition includes al
military conflict scenari@iven the impact of the COVHD9 pandemic across the global economy, DLA
SM included an oOalternative casel6 pandemic study

Of the 283 materials monitored or formally assessed for this report, DLA SM identified unclassified base case
shatfalls for 53 materials. During a national emergency, the United States is likely to face inadequate supply
of these materials due to an inability to access foreign sources, among various other factors. Foreign supply
sources include 84 different cowasithat produce at least one shortfall material:

T 27 countries each produce exactly 1 shortfall material;

34U.S. International Trade Commissiddntidumping and Countervailing Duty Orders in Place as of April 14,
2021 (April 2021), https://usitc.gov/trade_remedy/documenti®os.xIs
35 This report, including key assumptions related to shipping losses, war damage, and other factors covered by 50
U.S.C. 98hb5, are included in Appendix A.
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20 countries each produce 2 shortfall materials;

16 countries each produce between 3 and 5 shortfall materials;

11 countries each produce betweerd6l8 shortfall materials;

7 countries each produce between 11 and 20 shortfall materials; and
3 countries each produce more than 20 shortfall materials.

=A =4 —4 4 9

Figure 22 contains a list of the 53 unclassified base case shortfall materials, with selected important U.S.
application areas or critical infrastructure sectors. Of note, the absence of a shortfall is not necessarily
indicative of the absence of suppBircrisk. Instead, the zero shortfall result may indicate that (1) DoD was
unable to generate sufficiently reliable data to produce modeling results; or (2) the U.S. industrial base may
have so atrophied that no U.S. manufacturer is purchasingtsaid simd critical materials.

Figure 22: Shortfall Materials and Application Areas

Shortfall Material

Major Application Areas

Aluminum, high purity

Commercial Aircraft

Combat Vehicles and Tactical Wheeled Vehicl

Aluminum lithium alloys

Commerciahircraft

Antimony

Pressure Blasting Applications
Plastics
Storage Batteries

Synthetic Rubber

Arsenic, molecular beam grade

Semiconductors and Other Electronic
Components

Beryllium ore, beryl ore

Beryllium Hydroxide, Alloys, Oxides, Metals

Beryllium metal

Search, Detection, and Navigation Equipment

Bismuth

Medicinal Chemicals and Botanical Products
Pharmaceutical Preparations

Primary Aluminum

Boron10 (boron isotopé)

Nuclear Power

CarbonCarbon (different types)

Defense applications

Cerium

Motor Vehicle Parts

Petroleum Refineries

Glass and Glass Products, Except Containers
Miscellaneous Manufacturing

Broadcast and Wireless Communications
Equipment

36 The Department of Defense has run only a limited number of isotope supply chains ftsonigtieling process
for the National Defense Stockpile program. The Department of Energy maintains robust monitoring of and

Explosives and Propellants

participation in the isotope market, anerisk materials are covered in Appendix D and Appendix E
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Shortfall Material

Major Application Areas

Energetic Materigls

Ammunition Primers antracers

Demolition and Fuses

Erbium

Optical Instruments and Lenses

Europium

Miscellaneous Manufacturing

Fluorspar, acid grade

Fluorocarbon Air Conditioning

Gadolinium

Pharmaceuticals and Medicines
Transportation Equipment

Miscellaneouglanufacturing

Graphite, isamolded civilian grade

Semiconductor machinery

Industrial molds

Graphite, isanolded defense grade

Industrial molds
Industrial furnace and oven manufacturing

Other defense applications

Petroleum Refineries

Lanthanum
Motor Vehicle Parts
Alloys

Lithium metal Batteries
Pharmaceuticals

Magnesium metal Transportation

Manganese metal, electrolytic

Metal Containers, Packaging, Shipping Materi
Construction and Building Products
Motor Vehicle Parts

Electricabnd Communications Equipment

Manganese, ferromanganese

Construction and Building Products
Motor Vehicle Parts

Oil and Gas

Neodymium

Computer Storage Devices
Miscellaneous Manufacturing
Non-Metallic Mineral Products
Transportation Equipment
Electronic Components

Motors and Generators

37 Multiple types, see AppernxliA and Appendix H
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Shortfall Material

Major Application Areas

Niobium

Oil and Gas
Motor Vehicle Parts

Aerospace Products and Parts

Praseodymium

Synthetic Dyes and Pigments
Miscellaneous Manufacturing
Non-Metallic Mineral Products
Computer Storage Devices

Motor Vehicle Parts

Rare earth permanent magnets, Neodymium Iron

Boron (NdFeB) types

Industrial Motors
Motor Vehicle Parts

Magnetic Resonance Imaging (MRI)

Rare earth permanent magnets, Samarium Cobal

(SmCo) types

Electric Motors
Medical Devices

Consumer Electronics

Rubber, natural

Tire Manufacturing (except retreading)

Samarium

Electromedical and Electrotherapeutic Appara

Scandium

Fuel Cells

Steel, 1080 grade ultiigh strength cable tire cord

Tire Belts and Bead Wire

Steel, graiariented electrical steel silidmased

Transformer Laminations

Tantalum

Electronic Capacitors

Explosivelyformed projectiles, warheads

Tin, low alpha

Solders for Electronic Components

Titanium sponge

Aerospace, Commercial

MetalworkingMachinery

Tungsten
Electric Lighting Equipment
Miscellaneous Manufacturing
Yttrium Electric Lamp Bulbs and Parts

Aircraft Engines and Engine Parts

Yttrium (multiple other types)

Semiconductors and Other Electronic
Components

NonAvailability of Domé&titckpiles

U.S. industry maintains some buffer stocks and otheiamgress inventories that may offset the impact
of a limited supply chain interruption. However, the Federal Government generally has not collected data on
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these inventories outsidentandatory assessments by the Bureau of Industry and Security (BIS) at the
Department of Commerce, pursuant to Title VII of the DPA.

DoD maintains a stockpile of strategic and critical materials through the NDS, authorized pursuant to the
Strategic an@ritical Materials Stockpiling Act of 1979 (50 U.S.C. 98 et seq.). Of note, the NDS is a strategic
stockpile, not an economic stockpile. As such, the NDS has a deliberately conservative posture and is
intended to offset supply chain risk to defensess®htial civilian industry from a national emergency event.

By contrast, Chinads State Reserve Bureau i s an e
actively combatting price volatility or supporting particular industry segments.

Currerly, the NDS Program maintains inventories for 55 materials, with a total value of approximately $1
billion (Figure 23). DoD funds the operations of the NDS Program from a revolving fund known as the

NDS Transaction Fund. ARequasbfor Eistal Year (RYh2821 Bnd EYs2D2@,e nt 0§
the NDS Transaction Fund will exhaust all of its resources by FY2024 or FY2025, dependent on (1) the pace
at which the NDS Program acquires new materials to mitigate current shortfalls; and (2) tHeproceeds

the sale of existing stocks.

Figure 23: NDS Program Inventories as of September 30, 2020
Lithium loni LCO

Antimony

Beryl Lithium loni LNCA

Beryllium Metal Hot Pressed Powder

Lithium loni MCMB

Beryllium Metal Rods

Electrolytic Manganese Metal

Beryllium Metal Vac Cast

Manganese Ferro High Carbon

Beryllium Structural Powder

Manganese Metallurgical Grade Ore

Cadmium Zinc Telluride Substrates

Mercury

Carbon Fibers PAN

Nickel Alloys

Chromium- Ferro High Carbon

Platinum Group Metalsridium

Chromium- Ferro Low Carbon

Platinum Group Metai®alladium

Chromium Metal

Platinum Group Metai®latinum

Cobalt

Platinum Group Metal Alloy / Wire

Cobalt Alloys

Platinum Group Metal Compoundgridium Alloy

Columbium Metal Ingots

Quartz Crystals

Ferroniobium LowAlloy-Steel Grade

Silicon Carbide Fibers

Ferroniobium Vacuum Grade

Tantalum Columbium Concentrate

Ferroniobium StainlesSteel Grade

Tantalum Metal

Dysprosium

Tantalum Alloy

Ferrodysprosium

Tin

Europium Oxide (4N)

Titanium Alloys

Europium Oxide (5N)

Energetic Materials (Multiple Types)

Europium (SEG)

Tungsten Ores & Concentrates
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Germanium Metai Intrinsic Tungsten Metal Powder
Germanium Wafer Tungsten Alloys
Germanium Scrap (Coated) (Uncoated) TungsterRhenium

Iron Alloys Zinc

The funding deficit for the NDS Transaction Fund is driven by a combination of growing shortfall
requirements and legislativegndated disbursements from the NDS Transaction Fund to other programs
(see Figure 24). From FY2003 to FY2018, Conlivested 89.8 percent of the proceeds from NDS
Program activities, measured in real dollars, to other defense-aéeiémsa programs, such as the
Operations & Maintenance accounts of the Military Services, construction of the World War Il Memorial,
and he Federal Supplementary Medical Trust Fund.

Figure 24: National Defense Stockpile Transaction Fund Distributions

Total Amount Average Annual

Distribution Type ( FYO 3 YFY CashFlow Sample Activities / Accts.

Real $2018 Real $2018
To National 1 Material acquisitions
DefenseStockpile  $ 417.3M $ 26.0M 1 Qualification of new sources
Transaction Fund 1 Metallurgical R&D

9 General Treasury Acct.
9 American Battle Monuments
Commission (World War Il Memorial)
1 Hospitallnsurance Trust Fund
1 Federal Supplementary Medical Trust
Fund
i Foreign Military Sales Treasury Acct.
1 Electromagnetic spectrum program
($ 2,701.5M) (% 168.8M) 1 Defense Health Program
9 MILSVC Operations & Maintenance
accts.

To NonDefense

Acts, ($  998.6M) ($ 62.4M)

To Other Defense
Accts.

Net Cash-low to
National Defense
Stockpile
Transaction Fund

(3 3,2828M) ($  205.1M)

In addition to this inadequacy of funding, the NDS once held many of the materials currently identified in
shortfall. For example, the Department of Commerce regamtiyded an investigation into titanium

sponge under Section 232 of The Trade Expansion Act of 1962, and the interagency Titanium Sponge
Working Group is evaluating options to mitigate vulnerabilities in the titanium sponge supply chain, including
new stakpile purchases. Unfortunately, the NDS liquidated its stocks of titanium sponge during the post

Cold War sebff, and now, to the extent possible within existing funding, the NDS Program is increasing its
stocks of titanium by recycling it from -efdife weapon systems. Similarly, the NDS formerly contained
approximately 14,000 metric tons of rare earth ma
market. DoD has submitted legislative requests to acquire rare earth materials &rithie@tDgress has

not authorized these purchases.



OPPORTUNITIES & CHALLENGES
Challenges to Future Domestic Production
Transparency

Individual strategic and critical materials markets arsro@énwith incomplete information on trade flows,
production, prices, or inventories. This lack of transparency can involve even the most basic level of
information, such as a materialds country of orig
value segment of the rare earth market, waluea of about $10 billion and an estimated production of

160,000 metrictod8T he wor d oO0est i mat eptatlucérssandecompumarsdo rnoerdporb e ¢ a u
production or consumption data; and although-gi@rty pricing data exists, there is bittleo certainty

that market participants close their business deals at the published prices. Further, rampant smuggling and
illegal mining and processing leaves many market participants unable to trace the origiug-anstatigin

for rare earth matets.

By contrast, the global crude steel market is far larger: approgi@diglipn metric tons in 202 he

World Steel Association collects and publishes statistics on the global steel market, and the provision
of data is usually a requirementiiembership. Similarly, aluminum prices are benchmarked to a
global, publickavailable exchange, with local market premiums. Data on production, trade, and

price for steel and aluminum is, therefore, highly transparent.

Asymmetric Information

Due to thesmall dollar value and the overall product volumes for many strategic and critical material markets
relative to other bulk commodities, the number of market participants tends to be very small. This leads to
asymmetric information between market paatitspand outside observers, in which one part of the market
obtains an advantage from better or more information than does another part of the market. This asymmetry
of information is typified by the volume of press releases and -@piibisial articlesn strategic and critical
materials immediately following reported supply chain disruptions. These reports, thotaytdeck||

generally include information on only one aspect of a supply chain, or they are unaware of important
developments by goverant or industry stakeholders.

Asymmetric information is not a lack of information. Rather, the disconnect between actual market activities
and the appearance of market activity delays the deployment of private capital to profitable or promising
strategi@nd critical materials projects, resulting in inefficient use of capital. The consequences of asymmetric
information can include criminal enterprises convincing investors to buy physical rare earth metal
inventoriegl0 Rare earth metals are highly illiguid essentially worthless to private individuals. The
perpetrators failed to disclose this risk and leveraged media attention for personal gain.

Elastic Demand and Inelastic Supply

The operating tempo in strategic and critical materials markessiedssdramatically based on a
participantds position in the supply chain. For
times for price fluctuations can be measured from months to a few years. For upstream producers, however,
the time taespond can range from years to decades. This gap between elastic demand and inelastic supply in
the shortrun encourages a very conservativeavisise posture in the mining and mineral processing sector.

38 Adamas IntelligenceRare Earth Magnet Market Outlook to 20@8ugust 2020),
https://adamasintel.com/report/regarthmagnetmarketoutlookto-2030/
®Worl d Steel Association, fAGlobal cO,udewasrledkd s toaidlp.udr g e
26, 2021), https://worldsteel.org/mediantre/presseleases/2021/Globafudesteetoutputdecreaseby-0.9--in-
2020.html
“Crown Prosecution Service, fiMoney Launders Jailed for
Pounds, 0 cps.gov.uk (September 3-aunde?etgdil®dyolerateearttps: / / cps . |
metatscamworth-ps1million
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Exemplifying this disconnectisthe U.S.fighti i ndustryds transition from t.L
to compact fluorescent, and then to LED products. For decades U.S. tungsten producers enjoyed steady
growthil until the emergence of compact fluorescent bulbs. As new homes and @Hides gtis more
energyefficient offering, the U.S. tungsten industry went into decline, including thddedle

manufacturing skills needed for wire drawing. Compact fluorescent lighting relies on heavy rare earth
elements, such as yttrium and europiAs prices climbed due to tight supply and in anticipation of future

growth, producers increased production. However, the same price increases also incentivized the lighting
industry to transition from florescent technology to LEDs, which requregleastities of heavy rare earth

elements. The arrival of new producer capacity, after downstream industry had transitioned to a new
technology platform, has contributed to depressed prices for select heavy rare earth elements intended for use
by the liting market, such as yttrium and europium.

Figure 25: U.S. Lighting Sales by Type-ZTR®H!
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Small Defense Requirements Relative to Commercial Markéts

Even though the U.S. Armed Forces have vital requirements for strategic anthteiiiaial the essential
civilian sector would likely bear the preponderance of harm from a disruption event. This finding is
consistent across every modeling excursion by DoD since 2009. The NdFeB magnet market provides an
effective illustration of thilnding.

A key assumption within DoD modeling of the strategic and critical materials under national emergency
conditions is that the U.S. Government will make maximum use of allocation and prioritization authorities
pursuant to Title | of the DPA. Inibf, if there were a threatened disruption of NdFeB supply, the DoD

model assumes that NdFeB materials would be diverted from civilian markets to the defense industrial base.
This is similar to the recent diversion of health resources from privatewsectoto Federal Government
contracts during COVIE19 pandemic response. Both the Department of Health and Human Services and
the Federal Emergency Management Agency deploy these DPA, Title | authorities, respectively, to (1)
prioritize direct Federalmacts over private sector and state/local/tribal government purchases of health
resources; and (2) require authorization with respect to exports of health resources.

41U.S. Department of Energignergy Savings Forecast of Sefidate Lighting in General lllumination
Applications(August 2014), https://energy.gov/sites/default/files/2015/05/f22/energysavingsforecast14.pdf
42 For more detail on this section, see Appendix A.
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As regards the NdFeB supply, DoD currently has all necessary authority to placatipgsritising DPA,

Title 1, on strategic and critical materials through the Defense Priorities and Allocations System (DPAS)
regulation administered by the Department of Commerce. Both the DPAS regulation and the delegation of
authority to DoD specifittg note that placing priority ratings for stockpiling purchases is permitted, so to

the extent that DoD needs to place priority ratings under the DPAS for strategic and criticél mtterials

for NDS purchases or operational requirerfieibtsas the abiy to do so.

The disruption of global supply chains from the scenario and, to a far lesser extent, diversion of supply under
DPAS actions is expected to produce very large essential civilian 8hontfallse t han ten t i mes
annual peacetime consuimp. Even if DoD limited all of its peacetime NdFeB procurement,

direct and embedded, to a single domestic producer, that arrangement would not be sufficient to hedge the
risk to essential civilian industry (see Figure 26), nor would it be suficieritp or t even a o0 mod
sized NdFeB production facility.

Figure 26: Peacetime Civilian and Defense NdFeB Demand, versus Essential Civilian Shortfalls

Reference: Capacity of a modern large scale
NdFeB production facility

Further, a key difference between the essential civilian market and the defense marfeetiirtlied

respective imports. Both sectors rely on imports, but approximateliydesof DoD consumption of

NdFeB magnets occursdiect demafghermanent magnet articles. By contrast, 60 percent of essential

civilian demand for NdFeB magretsembedded deimand ot her i nt er medi ate or f i |
import posture affords it marginally greater visibility into its foreign reliance compared to other essential

civilian sectors, who may not even realize their exposure to an NdFeBisnagtiehdince it is several

tiers removed from the products they purchase from foreign sources.

Overall, the essential civilian NdFeB shortfall and outsized reliance on embedded demand indicates that a
civiliancentric mitigation approach is neces€amjp and Federal Government activities can act as a

catalyst, but absent collaboration with the private sector, govatriveentnandates circumscribed to

defense procurement will not be sufficient to close the gap between peacetime consumptiorteshd postula
national emergency shortfalls.

Balancing the Need for Additional Supply and Environmental Impact

Setting aside modeling shortfalls and significant demand expectations for green energy and energy
conservation products, the production of strategicridiicdlanaterial can have significant physical impact
(e.g. openpit mining) as well as intense consumption of strong acids and other hazardous chemicals.
Recovery of critical materials from environmental legacy sites impacted by acid mine drainage or
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impoundments presents an opportunity to pair reclamation effonsadtiction, turning past industrial

waste into the materials needed for green energy products. However, industrial actions often have
environmental consequences. In a 2017 report to Congress on the extraction of rare earth elements from
coal wastes, ¢tDepartment of Energy cited six significant environmental challenges:

Low concentrations lead to processing more material, driving up energy consumption;
Increased production of fine particular dust, from grinding and crushing operations;
Potentiaproduction of large volumes of liquid and solid wastes;

The toxic and caustic nature of chemical reagents required for extraction;

Processing operations may create concentrations of radionuclides; and

If using current waste piles, extraction of rare @arttents could shift ownership of the {tamm
environmental liability associated with the waste pile and levy new waste management standards not
otherwise applicable if the waste pile is left undistdrbed.

= =4 =4 4 4 9

The Department of Energy is addressing theommvéntal concerns identified in this 2017 report, and their
research efforts have demonstrated the technical feasibility for producing critical materials from
unconventional sources, optimizing many of the challenges cited in this prior work. Gese#smebdn

this area is essential to minimize the environmental impact of using unconventional sources or particularly in
regions that are economically distressed, affected by energy transitions, or harmed by adverse environmental
impact from the strategiod critical materials industry. More specific waste characterization and business
case analysis also will be required as thisdmmlehesvork advances into pilot studies.

In-process and pesbnsumer recycling of strategic and critical matéggsopplement primary
production, and recycling is a key component of t
critical materials risk. For example, DoD has consistently sought to identify and then mature promising
technologies for Nd#B magnet collection and uptake. From 2016 to the present, DoD has invested
approximately $30.7 million in NdFeB magnet recycling, first through Small Business Innovation Research
(SBIR) awards, followed by seadecapital from Title Il of the DPA.

Through this process, DoD and our maefense agency partners, who assist with program management
reviews, have identified several challenges to increased recycling of strategic and critical materials:

1 Like coproduct or byproduct dependency, recycling efgitrand critical materials often depends on
the recovery of another metal with high intrinsic value, such as gold;

1 Takeback and collection schemes for end products containing strategic and critical materials are highly
variable, ranging from nemxistento completely closed systems in which end items must be returned to
the original manufacturer;

T End products often are not designed for recycling (e.g., use adhesives and other proprietary fastening
devices, lack of labeling for processing and consumemesgaof recyclability, and use of hazardous
materials or materials that become hazardous waste at EOL) increase the cost of recycling; and

1 State and local regulations fora&ek and collection of eftdms (e.g., consumer electronics)
containing stragic and critical materials are highly variable.

Opportunities to Resume Strategic and Critical Materials Production

In support of this assessment, DoD postedderal Registatice of Inquiry, soliciting public comments
from any interested stakehotdeDoD received over 100 comments, supplemented by business proprietary

43U.S. Department of EnergiReport on Rare Earth Elements from Coal and Coal ByprodUatsuary 2017),
https:/ivwww.energy.gov/sites/prod/files/2018/01/f47/EX2014000442 percent2(percent20for
percent20Conrad percent20Regis percent202.2.17.pdf
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data submissions as well as bilateral and multilateral engagements with U.S. allies, partners, and other foreign
governments.

DoD also participated in small group discussions aithdtticipants representing upstream and

downstream industry, large and small businesses, environmental justice advocates, academia, and consultants
to U.S. and foreign industry | eaders. DoD hel d s
aneffort to solicit a frank exchange of views on the challenges in the strategic and critical materials sector and
possible approaches to mitigating them.

I n the course of DoDds st &HKmtupahitheas corsangusathae ment s, t
enviobnmentakocialgovernance (ESG) reporting and-t@arbon strategic and critical materials production

is a real and strengthening market force. However, there also is a consensus that the strategic and critical
materials market does notyetplaceapremioin a oOsustainably producedd st
with limited exceptions.

Sustainability, as a value proposition to support production acdnmsher recycling, has the potential to
structurally change strategic and critical materiatsnahleh, heretofore, have largely focused offi cost

be it the cost of production or imposing trade barriers to increase the cost of imports. Moreover, numerous
industry groups and ngovernmental organizations already have set a strong foundatgpofwilbée

sourcing of strategic and critical materials. Each of these standards differ, participation is voluntary, and
implementation is uneven within specific strategic and critical material markets and across jurisdictions.

Taken together, this untappedrket demand for sustaingmgduced strategic and critical materials
presents an opportunity for the U.S. Government
market forces to push bad actors towards improvement or exiting the markatelyJltira approach

implemented by the Federal Government will be bespoke to the particular challenges associated with each
strategic and critical material and its market, with a sample included in Appendix C.

RECOMMENDATIONS
Reliable, secure, and resilient supplies of key strategic and critical materials are essential to the U.S. economy
and national defense. The United States needs an

resilience of strategic and caitimaterial supply chains that both expands sustainable production and
processing capacity and works with allies and partners to ensure secure global supply. We recommend a
strategy centered tme following

1. Developing and Fostering NevwSustainability Standards for Strategic and Critical Material
Intensive Industries.

As detailed in this report, the global race to the bottom in search ottmt/psbduction has led to the
proliferation of critical mineral extraction, processing, ealing operations in locations with weak
environmental regulations, labor standards, and governance. As {leadingdieveloped economy, the

United States can drive global market change towards the value of environmentally and socially responsible
production.

The private sector and Federal agencies that purchase strategic and critical mateiiteinacdmathing

these materials generally do not evaluate the complete environmental, social, and related risks associated with
unsustainable produmti practices. The U.S. Government, working in partnership with the private sector

and other stakeholders, should encourage the development of new sustainability standards for designated
strategic and critical materials to conduct due diligence, eounegs of unsustainable production, and

accelerate Federal and commercial purchasing of sustainable products. A recognized sustainability standard,
potentiallybacked by legislatiand coordinated with trading partners, would encourage private sector

investment in sustainable sources and increase supplgsiiance
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1 Develop Sustairtadgiuced Content Standards for Strategic and ChitieasMaterdkistries

The U.S. Government should work with key stakeholders from the privatéabect@nd non
governmental organizations (NGOSs) to develop easy to understand sustainability metrics for
designated critical minerals and other critical materials. In the near term, this initiative should begin
as a publiprivate partnership focusedahandful of materials essential to the U.S. economy.

Over time, the Executive Branch should work with Congress to provide the authority to develop and
promul gate regulations that would support the
maerials from domestic and foreign sources.

Sustainabilitytandards should be particularly applicable to those sectors that drive U.S.

consumption, particularly automotive and aerospace products, fuel production, power generation and
distribution, and elecal and electronic products. New products and materials should be added as
necessary to conserve and promote the sustainability of strategic and critical materials.

The definition of oOsustainabilitys®betsvéecothd d be d
Admini stration and other interested stakehol de
environmental standards throughout the mining lifecycle; corruption prevention; worker health and
safety; the strength of local governarmgsultation with potentially impacted tribal and indigenous
communities; eliminating forced, indentured, or child labor; and transparency. Within the Federal
Government, responsibility for the technical development of this standard shoied by te

Department of Energy and the Environmental Protection Agency, with support from other relevant
agencies (such as the Departments of Commerce, Interior, and Transportation) and external
stakeholders as appropriate.

As uniform product labelling is essémtiinformed consumer choice, an element largely absent in
strategic and critical material markets today, the U.S. Government should encourage a clear and
uniform labelling standard for sustainably produced critical minerals and materials. The U.S.
Govenment should also work with allies and partners, including through international-standards
setting bodies, to promote international adoption of sustainability standards for designated strategic
and critical materials.

i Establish U.S. Government Pri@gen®ustainability Leader

Though Department of Defense and other U.S. Government purchases will not be sufficient to
serve as an oOanchor ¢6-poducedanibems, adbpton of msustainabdity st ai n
requirement for U.S. Governmentghasing will act as an important signal to the market. Upon

devel opment of a oO0sustainably producedd6 standa
AcquisitionRegulatory Council to publish a rule for public comment that would establish a

prefeence or requirement for the selection of products with higher sustaiodited content.

2. Expanding Sustainable Domestic Production and Processing Capacity, Including Recovery from
Secondary and Unconventional Sources and Recycling

As identified in tis report, the United States faces weaknesses in both the production and the processing of a
range of strategic and critical materials. In addition to deidamdmmitments, the U.S. Government

should incentivize domestic and foreign production, pragessd recycling of strategic and critical

materials, ensuring that they adhere to strong environmental standards, meaningful community consultation
including governmeib-government consultation with Tribal Nations, and strong labor standards.

Expandng U.S. production and processing capacity will require investments in mining, inclueing in non
traditional types of mining, in processing, and in recycling. To the greatest extent possible, new processing
and recycling investments should prioritizéidmsawith economic development and Hggélity job

creation opportunities for communities impacted by mining and the transition-tarddmeconomy.

1 Build a Foundation for Accelerated Growth in Strategic and Critical Material Recycling
19¢



Recyclings one of the original green technology industries in the United States. There is
tremendous opportunity for the private sector to grow strategic and critical material recycling as
hybridelectric and full electric vehicles, as well as other emergintptgek, reach ewdHlife

(EOL). This could include strategic and critical materials in4itimdoatteries (nickel, cobalt,

lithium, others) and electric motors @eaeth elements).

The Federal Government, particularly the Environmental Protggé&ony, should play a

foundational role in decreasing market barriers to recycling in the United States by providing
recommendations and guidance to State and local governments to create uniform collection
procedures for EOL items containing strategicatichl materials, suchedactriovehicle batteries.
Developing a strong, uniform national standard for end of life recycling wouledostaapproach

to supporting the development of clekmxp recycling processes (see Figure 27 for the variance i
State recycling laws related to batteries). The Administration should work with Congress to develop
legislation to unify collection procedures for these EOL items.

Figure 27: U.S. Battery Laws by Btate

State battery recycling Producers required to No battery recycling
requirements in effect offer or fund battery requirements
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There are multiple other areas in whiclrdueral Government should support recycling

opportunities. For example, the Federal Government should encourage key industry sectors (e.g.,
consumer electronics) to adopt industry standards related to designing products to be more readily
recyclable. Aesond area of support should include R&D support to develop technologies that
isolate and increase concentrations of strategic and critical materials in EOL waste streams.
Department of Defense and the Department of Energy should continue to provide&%&ibds

for industry to develop, pilot, and deploy technologies that automate removal of rare earth magnets
and other strategic and critical matedataining components from EOL items, such as hard disc
drives, cell phones, and other small devices.

The Federal Government should work with industry through-pulbbte partnerships to establish
standards for the requalification of strategic and critical materials and related compensgats for

This would enable liKer-like reinsertion intothepyp | vy chaicrycdrn ngdowm ot her
chains, if reclaimed materials do not maintain sufficient performance in the origggmal end

“Call 2Recycle, fARecycling Laws By Stateo (-2ambyd), call 21

state/
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The Federal Government should also lead by example by establishing a govidenreentling

program to reclaimrategic and critical materials. For example, the U.S. Government operates more
than 4,000 data centers, which represent-termeaopportunity to leverage Fedeffalhded R&D

to recycle rare earth permanent magnets from hard disksdrives.

1 Collaborateth the States, Tribal Nations, aGdWonmental Organizations on Reclamation of Mining Waste

The Federal Government has a long history of working with States, Tribal Nations, and NGOs on
mine remediation, reclamation and restoration. Howevegffoesecenter on individual projects;

there is no unified national strategy to accelerate and coordinate these efforts, nor do these efforts
evaluate potential resources within mine wastes at abandoned or other active mining sites.

As part of a materiay-material strategy to secure a domestic supply, secondary and unconventional
sources should be prioritized to provide newstagarsources of supply and reduce the need for

new conventional extraction. T hvieonménteb HealtB,e o | o0 g i
and National Land Imaging programs and partners have identified several recommendations to
support the development of such a strategy, while helping resource management agencies weigh the
benefits and risks of reprocessing, reclaiaridgestoring mine waste sites. These include:

0 Accelerating development of a national mine waste inventory by the U.S. Geological Survey,
other Department of Interior offices, U.S. Department of Agriculture, Environmental Protection
Agency, and State agies, including site prioritization and coordination of data collection, and
grants to universities and States;

0 Supporting demonstration projects to reprocess, reclaim, remediate and restore abandoned mine
wastes; and

o Creating and staffing a Federal salyi Committee (FAC) to bring together Federal, State,
Tribal, and private sector actors and, in tandem, create a Federal interagency body that works
with the FAC to understand and focus efforts on the environmental and community impacts of
mine wastes aradfective remediation and reclamation strategies, including opportunities for
reprocessing, economic development, and workforce opportunities for former mine workers and
mining communities.

1 Identify and Spotlight U.S. Sustainable Resource éhtadite®n Opp

The Uni t e duel&inara ressuiicesrae significantly tmdpped relative to those of
other developed nations; only 12 percent of U.S. territory has modeesdiigion geophysical
surveys of the subsurface, and only 35 percent is coveetgilby geologic mapping of the surface
and neasurface.

By statute, the U.S. Geological Surveyds Natio
Resources Program collects information on mining and mineral processing, through to metal and

alby production. Jghr eosuen ddda tpao ratn otnh eo fOo @abhocevenat i on
provide a foundation for significant bodies of analysis on supply chain risks, but significant gaps in
information still exist.

Moreover, the Department of thmerior should seek expanded funding and full staffing for the

U.S. Geological Surveyds Miner al Resources Pro
Center (NMIC). NMIC funding has declined by 37 percent in real dollars over the past 25 years,
notwithstanding its outsized contributions to economic modeling and geological assessments by the

45 U.S. Government Accountability OfficBata Center Optimization, Continued Agency Actions Needed to Meet
Goals and Address Prior Recommendatifiay 2018), https://www.gao.gov/assets/de®264.pdf
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U.S. Government. Furthermore, though NMIC is authorized téghéudquivalents (plus
contractors), available funding has never enabled NMICgpdtaftill strength (see Figure 28).

Figure 28: Appropriations and Staffing for Depa
Information Center ($2021)
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The Geological Survey and the major U.S. public lands agencies, the Department of thel therior a
Department of Agriculture, also should establish a new interagency task force to developy material

material plan to identify specific locations of key strategic and critical materials in the United States that could
be sustainably produced dotically. This task force should include the Environmental Protection Agency

and consult with other key stakeholders, to ensure that such resources can be extracted while meeting the
highest environmental, Tribal Nation consultation, and labor standards.

3. Deploy the DPA and Other Programs

Title 111 of the DPA gives the President the authority to issue grants, loans, loan guarantees, and other
economic incentives to establish industrial capacity, subsidize markets, and acquire materials. Though DoD
executes investments under the authority of Title 1ll of DPA consistent with its duties as the DPA Fund
Manageféany Federal Agency responsible for a critical infrastfisgater may request the use of DPA to
mitigate current or estimated shortfallsational defenge.

As highlighted multiple times throughout this report, the essential civilian sectors of the U.S. economy bear
the brunt of risk and vulnerability related to potential supply disruptions of strategic and critical materials.
The use bDPA and other authorities also has the potential to spark private sector investment and send a
strong signal to market participants.

The Departments of Energy, Commerce, Interior, and Defense should use DPA and other existing
authorities and funding itacentivize production across the supply chain, including downstream, high value
added manufacturing such as new magnet capabilities and advanced electric motor designs.

46 White House, E.O13603National Defense ResourceseparedneséMarch 16, 2012),
https://obamawhitehouse.archives.gowinessoffice/2012/03/16/executiverdernationaldefenseresources
preparedness
47 As established by White Houderesidential Policy Directivé Critical Infrastructure Security and Riéisnce
(February 12, 2013), https://obamawhitehouse.archives.gegwéssoffice/2013/02/12/presidentiglolicy-
directivecritical-infrastructuresecurityandresil
“fiNational defensedo is defined in 50 U.S.C. 4552 to me
construction, military or critical infrastructure assistance to any foreign nation, homeland security, stockpiling,
space, and any directly relatedigity. Such term includes emergency preparedness activities conducted pursuant
to title VI of The Robert T. Stafford Disaster Relief and Emergency Assistance Act [ 42 U.S.C. 5195 et seq.] and
critical infrastructure protection and restoration.
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Agencies also should use DPA, Title lll and similar programs to support proveagR&ibles and

emerging technologies, particularly those developed by small businesses through the SBIR and Small Busines:
Technology Transfer (STTR) progr ams The Departm
rare earth magnet recycling biipi@s with a U.S. small business and engineering studies related to heavy
rare earth oxide separation through the | BAS prog
Deat hé -ftagorasedrch tb fdte production.

DoD has recentlused DPA, Title Il authorities to make investments in domestic strategic and critical
material processessing operations, specifically in rare earth elements. Similarly, the Deparment of Energy
operates two loan programs, pursuant to the EnergyAtlmy2005 (Public Law 1:88) and the Energy
Independence and Security Act of 2007 (Public La®40},0which can support domestic production of

critical minerahs.

DPA, Title Ill and similar authorities should be used to support domestic prodwsiitaimable
production and processing operations, like the greenhouse gas reduction, financiateand end
requirements of the Department of Energy loan program. When the Federal Government is
responsible for incentivizing domestic production, the Gogatramould take additional measures
(beyond complying with sustainability standards) to ensure that the mining occurs in an
environmentally and socially protective manner over the entire mining lifecycle through reclamation
and closure. Initial recommetigias include:

1 Conditioning economic incentives to applicants with strong past performance on environmental
compliance at current or previous operations or applicants bringing environmgmeadtioest to
legacy operations;

9 Providing incentives onlyrfapplicants that can demonstratérapt financial assurance for full site
reclamation and closure.

T Providing incentives only for mines in U.S. states that have strong mining environmental regulations and
enforcement and compliance programs.

1 Ensuringegular environmental inspections in the course of awardee performance, to validate
compliance with Federal permits and approvals.

T Requiring strong labor protections, including prevailing wage requirements, use of Project Labor
Agreements and communitgehdn construction projects, union neutrality policies for employers, and a
ban on mandatory arbitration agreements, as relevant to the proposed scope of work.

1 Requiring goods and materials to be made in the United States and shippédgrJBsrewed
vessels.

4. Convene Industry Stakeholders to Expand Production

Title VIl of the DPA provides authorities that the interagency can deploy today to support requirements
generation and definition, such as the mandatory survey authority of the Diepfatamemerce in 50

U.S.C. 4555. Neawvailability of data remains a significant constraint to effective mitigation programs in the
strategic and critical materials sector, and so those agencies with information collection requirements, such as

“®loansPr ogram Office (Department of Energy), ANotice of C
Mi neral s and Relérad RegisteB5ND.t 23 (Detcgmbped 1, 2020), 77202203,
https://www.federalregister.gov/documents/2020/12/01/22624D7 /noticeof-guidancefor-potentiatapplicants
involving-critical-mineralsandrelatedactivity
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mining praluction surveys by the Geological Survey or industrial base analyses by DoD, should engage the
Department of Commerce to deploy this authority to mitigate data gaps.

Title VII of the DPA also authorizes the Federal Government to convene industrytedtioprfrom civil

and criminal antrust law, to coordinate business activities and form plans of action that satisfy a national
need (50 U.S.C. 4558). The U.S. Government should use these autbontiesgngovernment

industry working group tdentify opportunities to expand sustainable domestic production, and explore
opportunities to create consortiums or pyriicate partnerships for sustainable domestic processing of key
strategic and critical materials.

5. Promote Interagency Research &evelopment to Support Sustainable Production and a
Technically-Skilled Workforce

Though significant research and development efforts have been underway to address critical and strategic
material supply chain risks over the past decadehdliedmetargely limited to earktage research and
development past the stage of mining. The Energy Act of 2020, as incorporated into the Consolidated
Appropriations Act, 203Public Law 11860) provides additional authorization for the Department of

Energy teexpand critical material R&D efforts to include demonstration and commercialization. Congress
should fully fund and resource these programs.

A coordinated interagency approach to R&D should prioritize the labwraanket transition for

emerging tectmogies in the area of sustainable production. The Departments of Defense and Energy and
other Federal agencies should signal their commitment and intereshimolaBonby establishing

stronger links between early stage research, DPA, Titlatd| rans and incentives, as well as non
competitive awards through SBIR and STTR Phase lll legislative authority for commercialization. DPA,
Title 1ll, when evaluating applicants, gives preference to small businesses.

Similarly, multiple agencies ingesistantial resources in workforce training. This includes, but is not limited
to, the Departments of Education, Labor, Defense, Veterans Affairs, and the National Science Foundation,
with supporting investments withiversitiegn R&D. Timely investnmés by such agencies in technical

training and education will be essential to ensure that all other invé$E@nécommendations can be
implemented from mine engineering to sustained research in ecologically sustainable modes of production.

The Deparinents of Education and Energy, in coordination with other agencies as appropriate, should
conduct a joint study with a federallyded R&D center to evaluate the development and programmatic
operationalization of a fullytegrated education and R&D cemntensistent with fiscal law, for sustainable
strategic and critical materials development. This will enable more efficient transfer and execution and
linkage of R&D, education, and workforce training funds from across the interagency to adelnéss whole
nation needs.

6. Strengthen U.S. Stockpiles

National stockpiles can play a key role in supply chain resilience by providing a buffer aggimst short
supply disruptions or bridging the gap between peacetime and full industrial mobilization. Héwever, U
stockpile authorities and funding have not kept up with needs.

As noted in this report, Congress diverted approximately $3.3 billion (2018) and approximately $1 billion
(2018) of NDS Program revenue to other defense argkfenmse programs. Althougbngress has ceased

those transfers, the NDS Program will exhaust all of its current resources within the Future Years Defense
Program (FYDP). To sustain operations, the NDS is compelled to sell currently stockpiled materials for
which the Department ofddense and essential civilian industry have shortfall requirements. More generally,
due to a lack of available funding, less than 10 percent of postulated wartime material shortfalls are estimated
to be mitigated.

DoDds fl agshi p aanbdfhisk msttatggic i critical materials/sapply chains flows from
the Strategic and Critical Materials Stockpiling Act (50 U.S.C. 98 et seq.). Though Congress has made small
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adjustments to the statute since the end of the Cdigl thiatast overahing review and reform occurred in
1979, and in the intervening years, delegations of authority from the President to DoD have not kept pace
with the reorganization of the Office of the Secretary of Déféiary of the recommendations from the

last systmic review of DoD stockpiling activifiemore than two decades Aduave not been

implementeé&?

First, the President should issue an E.O. delegating existing authority for the release of NDS materials for
use, sale, or other disposition, pursuant toSCU 98f. Notwithstanding congressional authorization for
this delegation through Public Law-239, no such delegation has been made.

Further, DoD should seek new legislation to recapitalize and modernize the NDS Program, including the
following acbns:

1 Obtain new appropriations for the NDS, totaling not less than $1 billion over the next FYDP to sustain
operations;

1 Reinstate the reporting requirement for biennial modeling and simulation of strategic and critical material
supply chains undeational emergency conditions (50 U.S.G3598h

1 Grant the NDS the authority to purchase strategic and critical materials currently identified in shortfall
(e.g., rare earth elements);

T Grant the NDS the authority ntetocksltoolaSn privaeat er i al f
industry, DoD Components, or other Federal agencies to mitigate peacetime disruption risk;

1 Grant the NDS the authority to purchase strategic and critical materials, for actions less than $50M,
without congressional authorizatiand

I Ohbtain appropriate direbtre authority or other relevant authorization for the recruitment, retention,
and incentive pay for higlgyalified personnel to staff the NDS program and related national
emergency preparedness and mobilization progtasctivities under the DPA.

7. Work with Allies and Partners and Strengthen Global Supply Chain Transparency

Though increasing U.S. production is a key part of a resilient strategic and critical materials supply chain, the
United Statealso must wdarwith allies and partners to strengthen collective resiliencenif€deSthtes
should pursue several steps to do this:

1 Engage Trading Partners and Emerging Markets to Ensure Reliable Supplies and Improve Governance

Through the Department of State #mel Office of the U.S. Trade Representative, the United States
should engage with likended foreign producers of strategic and critical materials to promote a
valuebased approach as they consider approaches to sust@imatbitythan one focused on
costimpositiorii and encourage alignment of U.S. and foreign product sustainability standards.

The Department of State should use governtagvernment fora and related collaborative
networks, such as the Energy Resources Governance Initiative3(# Rl Extractive Industries

®Such as the addition of fsingdle point of failured anal
"Ronal d Reagan, E.O. 12626, fNationa8, Defense Stockpil e
https://archives.gov/federatgister/codification/executiverder/12626.html
2U. S. Government Publishing Office, APr opoHearidg Reconf i g
before the Readiness Subcommittee of the Committee on Armee§dl).S. House of Representativiedy 23,
2009, https://govinfo.gov/content/pkg/CHRIA.1hhrg52723/pdf/{CHR@11hhrg52723.pdf
53 Founding members of ERGI include the United States, Australia, Botswana and Peru.
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Transparency Initiative (EITI), to build foreign capacity to implement and oversee sustainable
practices in the strategic and critical materials sector. The Department -déd&Etrédaggral

agreement between the UnitedeStatapan, and the EU, as well as bilateral engagements with
Canada and Australia via the Department of State, are model examples for international cooperation
on strategic and critical materials. These efforts should continue and, as appropretk, additio
engagements should be undertaken.

ERGI, led by the Department of State, promotes sound mining sector governance and resilient
energy mineral supply chains. This initiative brings countries together to advance governance
principles, share best prees, and encourage a level playing field for investment. The Founding
Partners of ERGI also have developed an online toolkit, free and open to the public, as a unique
resource for governments interested in sound governance and regulation of thesriagtratly
sector.

The Initiative for Responsible Mining Assurance (IRMA) is an international coalition of businesses,
nongovernmental organizations, labor unions, mining operators, and other stakeholders that has
developed a Standard for ResponBibieng and established a system for independently certifying
mines worldwide that adhere to that standard. IRMA may provide a method for U.S. companies and
the federal government to ensure that minerals are being sourced from mines with robust
environmerdl, social, and financial responsibility policies, and also could provide a model for
responsible development of additional mines inrttied States.

Incentivize Sustainable Production by Allies and Partners

Multiple agencies of the U.S. Governmensgpport the sustainable production and processing of
critical minera and other materials in Ualliesand partnersThe Expodimport Bank of the

United States (EXIMyhould provide loans or loan guarantees to support the export of U.S. mining
equipment and engineering services. The U.S. International Development Finance Corporation
(DFC) is uniquely positioned to invest in bankable projects in the strategicanuatetiials

sector in emerging markets with its debt, equity and political risk insurance products, and should
pursue such opportunities.

This type of financing support, implemented in accordance with strong, internationally recognized
environmental @hsocial standards, should improve local development of strategic and critical
materials extraction and vafaleled manufacture in accordance with sustainability goals and ease the
path to compliance for developing nations. Materials experts acroSs tBevdrnment should
provide technical guidance to EXI M and DFC to
sustainability and benefits to supply chain resilience.

Support Increased Transparency in Materials Supply Chains

Supply chain transparemaystrategic and critical materials, including critical minerals, is of great
importance for U.S. objectives. Responsible mineral supply chains should be transparent in their
methods and origins, traceable, and pursue best practices with respeanhtbitabean rights, the
environment, and other criteria. The United States has continued to work on a variety of initiatives
that support these complex and reinforcing areas of commerce. We recommend deepening and
expanding U.S. policy efforts in thesasiby the actions outlined below:

0 The Department of State should recommit the United States to the EITI. Though the United
States maintains strong financial support for EITI, a public recommitment to its objectives will
have an important impact on prodgcstates.

0 The SEC should review compliance with Deidohk 1502 and the rule promulgated
thereunder, issuing enforcement actions as appropriate. The Department of State develop a
spend plan to fulgesource its supply chain transparency and govenitiaitees. Section
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1502 drove a global movement in minerals supply chain transparency by forcing an entire market
to map supply chains for conflict minerals to try to break the link between armed groups and
these materials in the Democratic Repubtieeo€ongo and the African Great Lakes Region.

The Department of State should seek new authority from Congress to expand Section 1502
beyond the African Great Lakes Region to other ceaffiicted and higtisk areas. This
expansion would mirror glols@mpliance trends, such as those planned in the EU.

The Department of Treasury, Department of Homeland Security, and the Department of State,
with collaboration from other Federal agencies as appropriate, should build a coalition of
stakeholders, finaecs, and practitioners to develop innovative solutions to increase
transparency throughout supply chains from mining to finished product delivery in materials
with a high risk for human rights abuse and corruption.

The Department of State, the Departnodédustice, the Department of Homeland Security, and
the Department of the Treasury should develop a spend plan to-(é3dultge and staff their
activities to trace strategic and critical material supply chains, investigate money laundering,
corruptian, links to organized crime, and human rights abuses; and (2) implement the
appropriate mix of civil, criminal, and administrative enforcement actions.

The President should direct the Attorney General and the Secretaries of State, Treasury,
Homeland Secity, Department of Labor to provide periodic updates to the National Security
Council and the National Economic Council on strategic and critical material due diligence laws,
industry bespractices, and recommendatiots include nevegislatiofi to reduceghe impact

of forced labor, organized crime, and other human rights abuses in strategic and critical material
supply chains.
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ABBREVIATIONS

BIS- Bureau of Industry and Security, Department of Commerce
USBM- Bureau of Mines, a neslosed component ttie Department of Interior
DFARS- Defense Federal Acquisition Regulation Supplement
DLA SM- Defense Logistics Agency Strategic Materials, Department of Defense
DPAS- Defense Priorities and Allocations System, under Defense Production Act
DPA - Defense&Production Act

DRC - Democratic Republic of the Congo

DoD - Department of Defense

EOL - End-of-Life

ERGI - Energy Resources Governance Initiative

ESG- Environmental Social Governance

EU - European Union

ERECONOG European Rare Earth Competency Network

E.O.- Executive Order

EXIM - Exportimport Bank of the United States

EITI - Extractive Industries Transparency Initiative

FAC - Federal Advisory Committee

FY - Fiscal Year

FDI - Foreign Direct Investment

FYDP - Future Years Defense Program

GDP - Gross Domestic Product

IBAS- Industrial Base Analysis & Sustainment

IRMA - Initiative for Responsible Mining Assurance

IEA - International Energy Agency

LEDs - Light Emitting Diodes

MRI - Magnetic Resonance Imaging

NDS - National Defense Stquile

NEPA - National Environmental Policy Act

NMIC - National Minerals Information Center

NSTC- National Science and Technology Council

NTIB - National Technology and Industrial Base

NdFeB- Neodymium Iron Boron

NiMH - Nickel Metal Hydride

NGO - Non-Governmental Organization

OECD - Organization for Economic Cooperation and Development
R&D - Research and Development

SEC- Securities and Exchange Commission

SBIR- Small Business Innovation Research

STTR- Small Business Technology Transfe

SMART- Strategic Materials Assessment and Risk Topography
SOFC- Solid Oxide Fuel Cell

TREO - Total Rare Earth Oxide

TVPRA- Trafficking Victims Protection Reauthorization Act list
VAT - ValueAdded Tax

WTO - World Trade Organization

YSZ- Yttrium-stabilized zirconia

3TG- Tin, Tantalum, and Tungsten
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EXECUTIVE SUMMARY

Keeping the Nationds drug supply chain secure, ro
economic prosperity of the United States. A robust pharmaceutical supply chain has at least three critical
features: 1) thdaity to manufacture higfuality products for the U.S. market; 2) diversification of the drug

supply chain, such as relying on a geographically diverse set of manufacturers; and 3) redundancy of the
supply chain, such as the existence of multiple marerfaéor each product and its precursors. A nimble
structure that is flexible enough to change volumes and products in response to supply and demand is also
important for a robust supply chain. As this report details, the pharmaceutical suppipipdéx,is

global, and vulnerable to disruptions.

The stability and resilience of the drug supply chain are highly influenced by market factors that have led to
increasing reliance on foreign countries to manufacture the medicines, active pharmeaeeietitsl ing

(APIs) and their key starting materials (KSMs) that serve the American public. Vast multinational supply
chains and complex production and distribution paradigms can all contribute to disruptions in crucial steps in
the supply chain that incretise risk of a drug entering shortage and other consequences of disruption such
as quality concerns.

Market factors, such as cost pressure, play a role as well, as they tend to decrease diversification, redundancy,
and investment in newer quality systédver the past 30 years, the generic pharmaceutical market, which
accounts for 90 percent of the drugs prescribed to Americans, has consolidated and increasingly outsourced
its production to countries with lower labor and manufacturing costs in responga ofit margins.

Production domestically is largely not competitive due to factors such as higher labor and other costs of
production, including environmental and occupational codes. In addition, concentration in the

pharmaceutical distribution metrllrives negotiating power for intermediaries, resulting in lower retail costs

to final consumers, but also in lower margins for manufacturers.

The generic drug market, which successfully provides access to affordable medications to the American
public, &ices several challenges:

T Low volume and margins for many generic drugs result in difficult economic conditions for new entrants.
1 Anticompetitive actions may be used by certain countries to obtain market share.
1 Contracting practices for distribution mad li® further consolidation through sole source contracting.

As a result, market and other factors contribute to risk in the drug supply chain, including:

1 The complexity, vastness, and multinational nature of drug supply chains and the corresponding
overdependence on foreign entities who may prioritize national interests above trade in an emergency.

T Reduced incentives for existing manufacturers to inuggfrading equipment, improving supply

chains, or expanding capacity.

Lack of redundant capacity in manufacturing.

T Justin-time inventory management practices that limit inventory and reduce the ability to respond to
surges in demand.

1 Geographic concentian of manufacturers that puts production at risk from natural disasters or climate
change that can quickly affect an entire region.

=

Solutions to address the reliability of the pharmaceutical and API supply chain should address the following
two priority objectives:

T Improve supply chain transparency and incentivizeesilience Policies should seek to provide
increasetransparency to distributors and purchasers of the sources of drug manufacturing and the
quality of the facilities that make them. @rdednsparency will incentivize distributors and purchasers
to shift to more resilient sources of supply. Policies should also estdblahismt® reward supply
chain resilience and reductions in the sevedtygfhortages.
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1 Increasing the econonic sustainability of U.S. and allied drug manufacturing and distribution
U.S. and allied drug manufacturing, especially for generics and common drugs, is often undercut by
foreign competition, particularly from India and China. While the United &tatastcheed to make
every drug itself, it does need increased domestic production capacity for key drugs. Policy tools to
increase the economic sustainability of U.S. and allied drug manufacturing include providing predictability
in production costgricing and volume sold; increasing government and private sector flexibility in
contractingand sourcing of finished drugs and raw materials; and studying whether the current market
for finished drugs supports a diversification of supply instead ofarlgimg or two suppliers through
preferred contractual arrangements.

To promote domestic growth, equity, and resilience throughout the pharmaceutical supply chain, a strategic
approach that includes the following three elements is needed:

9 Boosting locgbroduction and fostering international cooperation.

9 Building emergency capacity.

T Increasing information available to the Food and Drug Administration (FDA) to improve its surveillance
and shortage prevention and mitigation efforts.

Boosting Local Producton and Fostering International Cooperation

The first pillar of our strategy is to boost U.S. production while fostering greater international cooperation,
which both enhances U.S. supply chain resilience and the resilience of the supply chairtaexsla®d par

allies. Boosting U.S. production will require a blended mix of targeted investments and financial incentives,
research and development (R&D) to create new manufacturing technologies, greater supply chain
transparency, and better data collection.

This will include:

1 Identifying financial incentives or investment (both public and private) that can help drive private sector
willingness to develop domestic production capacity, including evaluating the merits of a successor
financing program to the f2@mse Production Act (DPA) Loan Program.

Establishing novel platform production technology.

Creating transparency around quality management.

Addressing regulatory questions presented by novel technologies and using a consortium to coordinate
input fromall necessary Government agencies.

Empowering the FDA to collect critical new data necessary to have transparency into the supply chain to
identify and mitigate risks.

= =a =4 -4

Building Emergency Capacity

Even as the U.S. bolsters domestic production, therevayis doe unforeseen events that will stress even the
most resilient supply chain. In addition, onshoring and creating new supply chains with allies will be an
investment that will take a number of years. The second pillar of supply chain resgéigycetstiatild
emergency capacity to ensure that we do not have shortfalls of critical drugs during times of crisis.

Specifically, under this strategy, we would explore the creation and expansion of a virtual strategic stockpile of
API, other critical aterials, and finished doses focusing on the most critical medications to have on hand for
the American public and relying to the extent possible on domestic suppliers, especially small and small
disadvantaged businesses. Managed by the StrategicHatkpide, a virtual stockpile would involve

contracts with API and drug suppliers to hold surplus together with support for surge manufacturing capacity
rather than keeping APIs and drugs physically stockpiled in a central location.



Promoting International Cooperation and Partnering with Allies

Domestic production is only one aspect of driving resilience in the pharmaceutical supply chain, since it is not
feasible, desirable, or realistic to expect every drug needed for American patients to mnpkoukresh

soil. As such, and with the growing dominance of competitor nations, the United States must work with its
likeeminded regulatory partners to develop a secure and resilient supply chain that is not overly reliant on
materials or manufacturingrh countries that lack a shared interest in mutually beneficial supply chain
arrangements. The third and final pillar of our strategy is to increase international cooperation and partner
with allies to strengthen supply chain resilience. The U.S.n@&eshould work through already

established international regulatory collaboration and harmonization organizations, and, as needed, other
bilateral and multilateral fora and engagements to strengthen drug and API supply chain cooperation.

INTRODUCTION

Keepi ng the Nationds drug supply chain secure, robu
economic prosperity of the United States. All Americans deserve safe, effectivegualityhigédicines

and assurance that their next doseaaficine will be available when they need it. Access to medicine is also

a foundation for a quality education and a healthy workforce. Children who do not have access to needed
medications may be unable to attend school, concentrate on learningjizengttiather children, and

their caregivers may be unable to enter the workforce. Employees who do not have access to needed
medications may be unable to work. Both situations can lead to housing and food insecurity, cause

substantial suffering for Asmican families, and exacerbate inequities in the racial wealth gap. Finally, in the

case of a natural disaster or a public health emergency, having an adequate surge supply of critical medication:
to meet these needs is essential to supporting relie€awnery efforts, and ultimately saving lives.

The mission of the U.S. Department of Health and Human Services (HHS) is to enhance the health and well
being of all Americans by providing for effective health and human services and by fosteringagoeshd, sus
advances in the sciences underlying medicine, public health, and social services. The agencies within HHS
have different roles in supporting and protecting
Supply Chain Risk Management (SCRMjr&rodetects and seeks to prevent disruptions in the

pharmaceutical infrastructure by identifying risks and vulnerabilities associated with the dependency of critical
supply chain elements controlled within foreign countries and by providing mitigegiasstr

The Food and Drug Administration (FDA) regulates which pharmaceuticals enter the U.S. market. A key
component of FDA®s mission is to protect public h
human and veterinary drugs andobipli ¢ a | product s. FDAds Center for
(CDER) regulates human prescription drugs, including certain biological productstlamdooveer

drugs. CDER determines whether to approve drugs based on whether they meet aiptimgbémndt

regulatory requirements for safety and effectiveness. CDER also monitors the safety of drugs on the market,
including branshame and generic drugs and braamde and biosimilar biological products. FDA has access

to commercially sensitivedimhation on manufacturing of products that enter the country, allowing for:

oversight of the quality of manufacturing facilities that produce these drugs, including biological products;
continued product safety monitoring, including preventing the efntnycbfient medications into the

supply chain; monitoring of the supply chain for shortages; and working to mitigate and resolve the impact of
such shortages. The Centers for Medicare & Medicaid Services (CMS), among other responsibilities,
establishes paent policies for certain medications paid under the Medicare and Medicaid programs. In
addition, CMS contracts with private companies to provide prescription drug benefits to beneficiaries under
the Medicare Part D program. Medicare policies candigered by private insurers and may be viewed

generally as a benchmark. Other agencies within HHS and the United States Government are responsible for
providing medical care to members of the military, veterans, Tribal communities, incarcerate] amdividual
others, and therefore have a strong interest in a robust pharmaceutical supply chain that can deliver quality
medications.

There are at least three critical pillars of a robust supply chain for pharmaceuticals that can optimally support
thesafetpand security of the Nationds dqualtgprosustpfprithg : ( 1)
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U.S. market; (2) diversification of the drug supply chain, such as relying on a geographically diverse set of
manufacturers; and (3) redundancy of thglysehain, such as the existence of multiple manufacturers for

each product and its precursors. A nimble structure that is flexible enough to change volumes and products
in response to supply and demand is also important for a robust supply chain.

Although FDA is responsible for overseeing the quality of drugs and biological products marketed in the
United States, it has limited ability to create incentives to address economic factors that may pose barriers to
manufacturer s®@ i nv ederhizing qualis/ procasses. fOpher dederahagenaies, such as
CMS, set reimbursement and purchasing contracts that may exert some influence on diversification and
redundancy in the supply chain.

This report primarily focuses on the supply chain for gargisularly smatholecule drugs and therapeutic
biological products, including active pharmaceutical ingredient$ {A&RIs¢port does not focus on the
supply chains for vaccines, cell therapies, blood products, and their APIs because, dueetofttieena
products, there are some distinct features in their supply chain that are beyond the scope of this report.
These products are regulated by the FDA Center for Biologics Research and Evaluation (CBER).

Generic drugs make up 90 percent ofriredl snolecules and therapeutic biologic drugs that are prescribed

in the United States. These are often the drugs that are most critical across peafgatideffective

medicines at affordable prices has led to consolidations, caused firmmadadaituring to lowost,

largely foreign sites, and led to a reliance on foreign suppliers, which in turn has created vulnerabilities in the
supply chain. The supply chain for these products is more difficult to monitor given their largely foreign
production.

Although the focus of the report is on human drugs and therapeutic biological products, many of the same
concerns apply to veterinary medicines used to treat service, companionpanduftiod animals.

This report provides a review of theigure of the drug supply chain and the threats to its security,

resilience, and continuity, including the increased globalization that has occurred in recent decades. We
highlight some of HHS® and ot her hd&neahdksugndstfuthiee nci es
actions needed to build a more resilient supply chain that is less vulnerable to disruptions and resulting
shortages in order to ensure all Americans have access to safe, effegtiaéityhigadicines.

Strategies to createshust and resilient pharmaceutical supply chain include diversification of supply, both
domestic manufacturing and diversity in foreign resources, through leveraging partnerships with the private
sector and international partners. Given the likely wedtiost differentials between domestic and foreign
products, innovation in manufacturing is a key component of the strategy to diversify manufacturing and
increase domestic supply. This includes advanced manufacturing, a practice used in mahgtindustries
when applied to drug manufacturing, leads to improved quality and more efficient plants that are
economically more competitive with traditional facilities, more environmentally sustainable, and able to
provide skilled job opportunities for Americans.

Three pillars of a secure and robust drug supply chain are quality, diversification, ang
redundancy.

1 Active Pharmaceutical Ingredient (APBny substance that is intended for incorporation into a finished drug
product and is intended to furnish pharmacological activity or other direct effect in the diagnosis, cure, mitigation,
treatment, or prevention of disease, or to affect the structuamypifunction of the body. Active pharmaceutical
ingredient does not include intermediates used in the synthesis of the sulisiaGE® 207.1
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MAPPING OF THE SUPPLY CHAIN
From Raw Materials to Finished Dosage Forms

The drug manufacturing supply chain genstailg with suppliers of ramaterials, such as solvents,

reagents, and other chemicals that are combined by a series of reactions and then purified by a process
designed to result in the desired APIs, or API intermedatagh purity and free of harmful impurities. A
drugproduct manufacturing facility then combines the APIs with various inactive ingredients (actual
ingredients depend on final dosage form type, but can include water, lactose, and microcryssa)ine cellu

then shapes and/or fills into the finished dosage forms (FDFs) (e.g., tablet or liquid). A single API, such as a
syntheticalynade API, may be produced using dozens of different chemicals, while a single drug product
often has multiple ingredienitscluding many inactive ingredients, and may have a critical container or

closure type to ensure continued quality (e.g., a glass vial). The timeframe for production using traditional
batch manufacturing processes of an API varies widely, rangirey&n@ahdays to several months, while a

drug product may take several days to weeks to complete all steps and testing before a batch is safe to release
for distribution. The pharmaceutical industry often ysstndiméapproach to keep costs low. aAs

result, manufacturers report that acute surges in demand or disruptions in the supply of materials and
ingredients may quickly affect availability.

Figure 1: FDF Supply Chain Based on Traditional Manufacturing
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FDA evaluates APl manufacturing sitesiy selection and control over raw materials, and FDF

manufacturing, including their selection and control over inactive ingredient and packaging material quality.
However, FDA does not routinely inspect sites that manufacture raw materials fat iARt$am

ingredients.

FDF Distribution Chain

Once an FDF is manufactured, the path to the patient can be similarly complex. Distribution from the
manufacturer to patients can involve direct distribution to health care facilities or involve insesuetliarie

as wholesale distributors or thpatty logistics providers. Primary and secondary wholesale distributors are
sometimes referred to a gforomanufadurens,iaztieese didtibstdrssareb ut or s
those with whom a pharmaceaitimanufacturer has established an ongoing relationship to distribute their
product(s}. In the U.S. market, there are three major national wholesalers (AmerisourCGziBeirmpan

2 API Intermediate: A material produced during steps of the processing of an API that undergoes further molecula
change or purification before it becomes an API. APl intermediates may or may not be isolated. API intermediates
are only those produced after the point that a company has defined as the point at which the production of the API
begins.Q7 Good Manufactimg Practice Guidance for Active Pharmaceutical Ingredients Guidance for Industry.
Available athttps://www.fda.gov/regulatorinformation/searctida-guidancedocuments/g-goodmanufacturing
practiceguidanceactivepharmaceuticaingredientsguidanceindustry. Accessed on 5/25/2021.
3 The justin-time inventory system is a management strategy that alignmegerial orders from suppliers directly
with production schedules. Companies employ this inventory strategy to increase efficiency and decreése wast
receiving goods only as they need them, which reduces inventory costs.
421 U.S.C. 353(d)(4); 21 C.F.R. § 203.3.
5 Hemphill, T., U.S. Pharmaceutical Gray Markets: Why Do They Pérsisti What to Do about Them? Business
and Society Review 121:4 50947, 2016.
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Health, and McKesson), a few regional wholesalers, and thousandsd#ry wholesalér€ontracting
practices, such as sole source contracts, can limit redundancy in supply. In addition, the market power of
group purchasing organizations (GPOs) allows them to assert more price pressure on generics.

Figure 2: Schenmabf the FDF distribution chain showing both distribution of product and reimbursement
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Where Are Our Drugs and Their Components Produced?

Over the past 30 years, pharmaceutical manufacturing has benoraasangly global enterprise.

Beginning in the 1970s, industry moved away from the mainland United States, first to Puerto Rico in
response to tax incentives, and then to Europe and developing nations such as China and India. As the U.S.
drug market stied toward lowepriced generic drugs, which make up 90 percent of all prescription

medications filled, 20 percent of all prescription drug sp&radidds estimated to have saved the U.S.

health care system $2.2 trillion dollars in the past 8enadafacturers came under increasing cost

pressure. This led manufacturers to relocate maore of their facilities overseas, particularly to developing parts
of the world. Developing nations can provide significant cost savings to pharmaceutical cecaparies b

of their lower labor, energy, and transportation costs. In addition, differences in environmental standards
may lead to less expensive overseas manufacturing of raw materials, fine chemicals, and API. Manufacturers

8 Countering the problem of falsified and substandard drgsshington, DC: The National Academies Press,

2013.

72020 Generic Drug & Biosimilars Access & Savings in the U.S. Report. Available at:
https://accessiblemeds.org/sites/default/files/202MAM-2020- GenericsBiosimilars AccessSavingsReportUS-

Web.pdf Accessed on 4/8/2021.

8 Office of Generic Drugs 2020 Annual Report. Availablétaps://www.fda.gov/drugs/generirugs/office

generiecdrugs202Cannualreport Accessed 04/7/2021
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of older generic drugs face eslly intense pri@@mpetition, uncertain revenue streams, and, for certain
sterile products, high investment requirements, all of which limit potentia# returns.

Therefore, it is not surprising that in March 2021, 52 percent of ale§iSiered FDF mafacturing

facilities were outside the United States, and 73 percent of-adigiidéved API manufacturing facilities

were outside the United States. Of all f&€fistered generic drug manufacturing facilities making FDFs, 63
percent were outside theitéd States, and 87 percent of Fiegistered manufacturing facilities making

APIs used in generic products were located outside the United States. (Seé&.Figures 4

These overall figures are limited in demonstrating risk because of the lack dataluméehe generic

market, 87 percent of API facilities are outside the United States, but FDA does not have data on the volume
of API that is produced outside the United States, which could be lower or higher. Similarly, as detailed
below, China andhtlia could account for 42 percent of facilities, but the volume could be higher depending

on whether a company preferentially relies on a particular facility.

Figure 3: lllustrative Supply Chain Map
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This figure demonstrates the complexity of the mamifgcsupply chain. Using facility information alone
does not account for the volume that may be manuf
know whether API B is producing 90 percent and FDF E is producing 10 percent.

It is important tanote that FDA only has data for APl and FDF facilities and does not include data from
facilities that produce fine chemicals. This may not capture the true reliance on foreign countries such as
China, which may produce large quantities of fine chdoricatsistered facilities, but the quantities are not
reported through registration requirem#énts.

The economic savings from moving production abroad can be substantial and may be necessary to remain
competitive, particularly in the generic market wieegnty market difference between products is price

since generics are routinely substituted for each
on Active Pharmaceuti cal l ngredi ent MacalWéseemt ur i ng

9U.S. Food and Drug Administration, Drug Shortages: Root Causes and Potential Solutions (p. 21), 2019, updated
2020. Available athttps://www.fda.gov/media/131130/downloastcessed on 4/5/21.
10 Drug Shortageskoot Causes and Potential Solutions, U.S. Food and Drug Administration, 2019, Updated 2020.
Available at:https://www.fda.gov/media/131130/downloaktcessed on 4/2/2021.
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API company has an average wage index of 100, this index is as low as 8 for a Chinese company and 10 for
an Indian comparty.FDAds 2011 report, oOPathway to Global Pr
China and India have a labor @ubtantage and that APl manufacturing in India can reduce costs for U.S.

and European companies by an estimatet 3@rcent?

Figure 4: Percentage of FDF Manufacturing Facilities for All Drugs by Country or Region, March 2021
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For all FDAregulatedirugs, 52 percent of FDF manufacturing facilities are located outside of the United
States.

11 Bumpas, J and E BetsdBxploratory study on active pharmaceutical ingredient ofacturing for essential
medicinesHealth, Nutrition and Population (HNP) discussion paper. Washington, DC: World Bank. Available at:
https://documents.worldbank.org/en/publication/documents
reports/documentdetail/848191468149087035/explorathrgy-on-active-pharmaceuticaingredient
manufacturingfor-essentiaimedicines Accessed on 4/2/2021.

2.S. Food and Drug AdministratioRathway to Global Product Safety and QuakySpecial Report, p.20.
Accessed on 4/2/2021.
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Figure 5: Percentage of APl Manufacturing Facilities for All Drugs by Country or Region, March 2021
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For all FDAregulated drugs, 73 percent of maturfiag facilities producing ARdse located outside the
United States.

Figure 6: Percentage of FDF Manufacturing Facilities for Generic Drugs (Approved under Abbreviated New
Drug Applications (ANDAS)) by Country or Region, March 2021
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For generic drudapproved under ANDAS), 63 percent of FDF manufacturing facilities are located outside
the United States.
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Figure 7: Percentage of APl Manufacturing Facilities for Generic Drugs (Approved Under ANDAS) by
Country or Region, March 2021

™ CANADA
13% 2% CHINA

16%

REST OF WORLD
10%

LATIN AMERICA ‘

3%

EU
27%

INDIA
29%

For generidrugs (approved under ANDASs), 87 percent of manufacturing facilities producing APIs are
located outside the United States.

RISK ASSESSMENT

As stated earlier, the three pillars on which supply chain resilience rests are quality, diversification, and
reduindancy. Given generally higher profit margins, there are economic incentivesrfanter aindg
manufacturers to continue ensuring a robust supply ofrmaraldrugs. According to comments from

PhRMA in response to Docket No. B1&20034'3 manufactuns of branename or innovative medicines
implement risk management plans as standard practice that may include alternative manufacturing sites,
inventory reserves, and/or a range of global external suppliers and logistics planning to ensure continuity of
shipping lines. Supply chains for braathe drugs are likely at less risk. However;thaame drug supply

chains may still be complex, involving various suppliers and contractors and empiloyinggjust

manufacturing, and therefore are still vulletaldisruption.

Drug Shortages are the Culmination of Supply Chain Risks

Drug shortages, including those that arise during natural disasters or public health emergencies, have been a
persistent problem despite public and private sector efforts to prelemtigate them. The Federal Food,
Drug, and Cosmetic Act (FD&C Act) defines drug sh
projected demand for the drug within the United States exceeds the supply ofthAlthhaggh the

overall numbeof new shortages per year is relatively low compared to the number of medications on the
market (Figure 8), the consequences can be significant.

13 Notice of Request for Public Comments on Condition of the Public Health Industrial Base and Recommend
Policies and Actions to Strengthen the Public Health Industrial Base to Ensure Essential Medicines, Medical
Countermeasures, and Critical Inputs Are Madihe United States, Docket No. BE920:0034
14 CDER Manual of Policies and Procedures on Drug Shortage Management 4190.1 Rev 2.
http://lwww.fda.gov/downloads/aboutfda/centersoffices/officeofmedicalproductsandtobacco/cder/manualofpolicies
procedures/ucm®P36.pdf Accessed on 5/9/2021
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Figure 8: Total New Drug Shortages per ¥ EER and CBER
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Information from health care provideratients, and research studies suggests that the clinical and financial
effects of shortages are substantial. Shortages
treatment or undesirable changes in treatment regimens. A 2012 Assessateiicierreported 15 deaths
attributed to drug shortages over 15 madiiths2007, it was estimated that hospitals spent $286 million
managing shortagésComprehensive data about the effects of shortages are lacking, and FDA believes that
some recerdttempts to quantify the impacts have underestimated them.

Although the number of new shortages has been declining since reaching a peak in 2011, FDA analysis shows
that the number of ongoing drug shortages has been increasing since 2017, antah@iggsibas/e been

lasting longer, in some cases more than 8 f/&sksanalyzed 163 drugs that went into shortage in the 5

year period between 2013 and 2017. Of the 163rdthgsample, 63 percent (103) were drugs

admini stered byjiecjtadtl iecrd) ( @ntde 6i7l wercent (109) w
on the marketThey were also older drugs, with a median time since first approval of almost 35 years. After
many years off patent, the sterile injectables were typicallyedatively low prices. In the year prior to

going into shortage, the median per unit price was $8.73 for all the shortage drugs, $11.05 for sterile
injectables, and $2.27 for orally administered@rugs.

Medications used in acute care, a setting in adi&ls in treatment may be less tolerated, are often subject

to shortage. It has also been noted that the risk of medical errors with substitutions due to a shortage may be
higher in certain acute care settings such as emergency rooms when thditetioa gliagirug or even

the same drug but in a different concentréti@ne analysis looked at 1,929 national drug shortages from

2001 through 2024.The most common classes of drugs on shortage were drugs to reduce pain and fever

15 CBER is the Center within FDA that regulates biological products for human use under applicable federal laws,

including the Public Health Service Act and the FD&C Act.

16 https://www.inquirer.com/philly/business/20110924_®rehortage_stirs_fears.html. Accessed on 5/2/2021.

" MazerAmirshahi, M et al., 2014. Critical drug shortages: implications for emergency medicine, Academic

Emergency Medicine, 2014;21:70#11. Available at: https://pubmed.ncbi.nim.nih.gov/25039558/. Asmrksn

4/2/2021.

8 Drug Shortages: Root Causes and Potential Solutions, U.S. Food and Drug Administration, 2019, Updated 2020.

Available at: https://www.fda.gov/media/131130/download. Accessed on 4/2/2021.

19 MazerAmirshahi, M et al., 2014. Critical drughortages: implications for emergency medicine, Academic

Emergency Medicine, 2014;21:70411. Available at: https://pubmed.ncbi.nlm.nih.gov/25039558/. Accessed on

4/2/2021.

®This source did not use FDA6s definition of drug short

shortage database, focusing on critical shortages https://www.ashp.org/shortages?loginreturnUrlI=SSOCheckOnly.
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(17 percent), antifectives (14 percent), cardiovascular drugs (8 percent), and electrolyte, caloric, and water
balance products (7 percent). This study found that 52 percent of these shortages (total number of shortages:
1,006) involved acute care drugs used in emedgpacyments (i.e., for management or diagnosis of acute
conditions.) This same analysis also found that 70 percent of the drug products affected by shortages in that
same time period were delivered by injection. The classes of emergency deparwitent sirbpct to

shortages included anticonvulsants, analgesics, anesthetics and sedatives, and cardidascular drugs.

Shortages can create challenges for federal &gienwciesd in the procurement of pharmaceuticals for

patient care. Drug shortages tead to unexpected, significant increases in pricing that can be challenging

for federal health agencies because they are subject to mandated price or vendor restrictions. This is
particularly problematic when their normal contracts can no longdemantl. There is not a mechanism

to ensure appropriate allocation of essential drugs during periods of acute shortage. For example, one federal
agency shared that during the surge of C&¥IBases in New York City in spring 2020, purchasing critical
medcations from one of the primary wholesalers was done by health care institutions competing against each
other for such medication on a daily basis.

Location of Facilities Does Not Provide Sufficient Data to Draw Conclusions on Risks to Supply
Chain

FDA published &ist of Essential Medicines, Medical Countermeasures, and Critical @ptgber 2020

in response to the August 6, 2@&cutive Order (E.O.) 13944 @iensuring Essential Medicines, Medical
Countermeasures, and Critical Inputs AreeMathe United StatésThe Essential Medicines List

focuses on those medicatioegeded most by patients in U.S. acute care medical facilities specializing in
shortterm treatment for severe injuries or ilinesses, or those with urgent medical coFlitiBesential

Medicines List also includes FBegulated products (biologics, drugs, and devices) that (1) meet the
definition of a "medical countermeasure" provided in the executive order and (2) the FDA anticipates will be
needed to respond to futyrandemics, epidemics, and chemical, biological, and radiological/nuclear threats.
When identifying essential medicines and medical countermeasures, FDA focused on including therapeutics
that are medically necessary to have available in adequate scaplgeanded for the widest populations

to have the greatest potential impact on public health. Many of these medications, including generic sterile
injectables, have been essential for the most critically ill patients during thd C@AA@EMIC.

Thesupply chains for many of these essential medications are complex, and the APIs and FDFs are often
highly concentrated in certain countries. An analysis by HHS of 120 medications, of which 118 are from
FDA8s 2020 Essenti al Muesl dnat Hiological productst inclgding Zvacciresh,a | | m
found that domestic API facilities are available for only 60 drugs. In addition, for 50 of the drugs, 70 percent

of their API facilities are located in Asia.

21 Chen, Sl et al., 201@®espite Fedetd egislation, Shortages of Drugs Used in Acute Care Settings Remain
Persistent and Prolonged, Health AffaBS(5):798 804.Available at:
https://www.healthaffairs.org/doi/10.1377/hlthaff.2015.1157. Accessed on 4/2/2021.
22 Conversation with FDA staff ding preparation of this report.
23 Newport Sourcing API Manufacturing Locations, Clarivate Analytics 2020.
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Figure 9: Percentage of APanufacturing Facilities by Geogréaphy

Of 120 critical medicines, roughly only half have domestic APl manufacturing
sites (relative volume domestic vs. foreign being researched)

% of API manufacturing facilities by geography? Il uss Bl china [0 india [l Other Asiz [l Europe [ Rest of world

For these critical ~50% do not have any domestic AP facilities
Medici ~ 4% do not have AP| facilities in US, Canada or Europe
edicines . . . ~ 8% can only be sourced from one continent

100%

Source: Hewport Sourcing API Manulacturing Locations, Clarivate Anabytics 2021

Preliminary analysis: Of the 118 essential medicines, roughly only half have domestic APl manufacturing
sites.

24 Newport Sourcing API Manufacturing Locations, Clarivate Analytics 2020.
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Figure 10: Analysis of Select Essential Medicines by Geography and Shortage Status

Selected Essential Medications: Mfg site location and FDA shortage reporting
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Further analysis of selected Essential Medicines with less than 40 percent of API facilities in the United
States.

Per the figures above, a number of medications on the FDA Essential Medicine list have been in shortage.
At the ti me F Dredlsstwaspulishdad28 percaviteotiGibdRIated drug products

(excluding the medical countermeasures, vaccines, blood products, antivenoms and antitoxins) that were on
the List were in shortage. This analysis was repeated on April 30, 202tna@tibsitefter the publication

of the Essential Medicines List. At that time, 32 unique €&jftiated drugs on the Essential Medicines

List were in shortage, including many of the drugs that were in shortage in October 2020. Of these 32 drugs,
94 percenivere sterile injectables. An additional 13 rsbrdrugs (92 percent sterile injectables) that were

from the same classes of drugs on the Essential Medicines List were also in shortage. Therefore, at least 45
drugs that are used in acute care settergsmshortage. Of these 45 drugs, the most frequent classes were
the following: cardiovascular (18 percent), fluids, electrolytes, and nutrition (18 petioéat)ivaasti(16

percent), sedatives (11 percent), pain control (including opioids}€af), mrastrointestinal (9 percent), and
neuromuscular blocking agents (4 percent).

While the graphs above show drugs where API facilities are highly concentrated outside the United States and
include drugs that were in shortage as of March 2021, Figanes12 display just the location of the API
and FDF facilities registered with FDA for the 32 products from the Essential Medicines List that were in
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shortage as of March 2021. Although manufacturers list more than one APl or manufacturing facility for
individual drugs, this type of graphical representation of the location of facilities may be misleading in that it
implies there is a diversity in supply when in practice a single facility may be the primary producer of API or
FDF, as displayed in Fig®.e Without knowing the volume of production of each facility itimealit is

difficult to draw conclusions about what the supply chain actually looks like. Nevertheless, the location of
facilities alone may not be a sufficient predictor of riskdaage (i.e., this graph does not demonstrate that
drugs that go into shortage only have API facilities or FDF facilities located in one or two locations.) Of
note, when 12 medications from the Essential Medicines List that did not go into shodddedvierte

the cohort, the patterns of facility locations did not change overall.

Figure 11: Percentage of API Facilities for Various Therapeutic Classes by Geographic Location
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Figure 12: Percentage-afF Facilities for Various Therapeutic Classes by Geographic Location
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Sterile Injectablesd The Intersection of Price, Quality Investment, and Shortages

Although geographic location alone may not be a risk factor for shortage, being a sterile injectable does seem
to be a risk. Most of theedications in shortage from the Essential Medicines List are also sterile injectables.
An example of what can hapjerthe sterile injectable market is demonstrated by a previous shortage of
propofol, a critical drug used for sedation in intensive care units for patients withl@@¥tDwhich has

been in shortage during COVID, leading FDA to use its emergencau®rization authority to

authorize imports of propofol not approved for marketing in the United States. In 2009, FDA investigated a
facility in follow up to a recall by a manufactur
had high beels of endotoxin, which can cause fever and shock. Previously, another manufacturer had

recalled product for particulate contamination. By early 2010, both companies halted production, leaving a
single manufacturer to meet demand, and a drug shocaged Therefore, even with three

manufacturers, an unexpected disruption in manufacturing can quickly lead to a shortage.

In 2011, when drug shortages peaked, 56 percent of the shortages for sterile injectables were-due to quality
related failures ofianufacturing the FDF.A single quality problem at a single facility can contribute to a

national shortage. In the case of norepinephrine, two manufacturers temporarily halted or experienced delays
in production in 2010 and 2¢11Shortage followed afetl to patients with septic shock being treated with
alternative drugs. When patients with septic shock were admitted to hospitals experiencing the shortage, they
were more likely to die than at hospitals not experiencing the shdrtagilition, prduct

discontinuations accounted for another 9 percent of sterile injectable shortages. Some of the decisions to
discontinue manufacturing may be related to low reimbursement for older sterile injectables, as noted in
FDABs anal ys e s thatventsintoeshoitagee When @& coropargy bebcbes manufacturing

capacity, it may look at less profitable lines to discontinue to increase production of more profitable products.

Sterile injectables are susceptible to shortage due to manufacturingnslisagatise the aseptic

manufacturing of sterile drugs is not forgiving, and if not properly attended to, can lead to contamination. In
addition to bacteria, mold, and endotoxin contamination, FDA has seen manufacturing disruptions due to
shards of glasa@ metal in viaR. The problems have different etiologies but can be linked to insufficient
maintenance of production facilities and equipment, as well as suboptimal quality control testing and
oversight. FDA postulates that at the core of thesedaduhe inability of the market to reward quality;

instead, generics compete primarily on price. Of note, this is not necessarily an issue of foreign
manufacturing because much of the sterile injectable manufacturing is located in the UnitecbSkegtes due t
high cost of transporting liquids that often require climate control.

Another factor that can turn a single production line disruption into drug shortage is concentration of market
share. An analysis of 2008 national sales data from IntercdMfiaditi@a Statistics Health indicated that at

that time, seven firms produced nearly all sterile injectables as measured in standard units. Using these data
to drill down into classes of drug, one can look at market concentration.

25Woodcock, Wosinska, Economic and Technological Drivers of GenericeStigjglctable Drug Shortages, Nature
Publishing, 93(2): Feb 2013.
26 |bid.
27 Donohue, JM et alNational Shortages of Generic Sterile Injectable Drhgsepinephrine as a Case Study of
Potential HarmJAMA 2017;317(14):1418417. doi:10.1001/jama.2017.2B82Accessed on 4/2/2021.
28 Drug Shortages: Root Causes and Potential Solutions, U.S. Food and Drug Administration, 2019, Updated 2020.
Available at: https://www.fda.gov/media/131130/download. Accessed on 4/2/2021.
22Woodcock, Wosinska, Economic and Teglugical Drivers of Generic Sterile Injectable Drug Shortages, Nature
Publishing, 93(2): Feb 2013.
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Figure 13: GraphicRepresentation of Concentration in Sterile Injectable Market in 2008 Based on
Intercontinental Medical Statistics Health National Sales PeBSpective
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Concentration of market share is due to the need for highly specialized facilitieslefithedell

marufacturing process and controls to assure that they are sterile and free from visible particulate matter. In
addition, there may be specific production lines within those facilities to prevent potential cross
contamination. In a review of over 900 starjectable approved ANDAs (for generic drugs) between 2000

and 2011, only 1 percent referred to more than one facility for production of the finished product. In
contrast, 20 percent of branded fgeneric) sterile injectable applications were appvibhidzhckup

facilities. Approximately 6 percent of the ANDASs in this cohort subsequently submitted additional

production site¥.

In sum, a number of factors in the sterile injectable market can lead teetptatitproduction disruptions
and shortageof these critical drugs.

301bid.
3 bid.
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Figure 14: Economic Drivers of Manufacturing Quality Problems
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Source: Reproduced frafbodcock, Wosinska, Economic and Technological Drivers of Generic Sterile
Injectable Drug Shortages, Nature Publishing,93(2): Feb 2013.

In 2018, in response to a request from Congress, FDA convenedageimtgrDrug Shortages Task Force

to oversee the analysis of drug shortage data and develop recommendations based on insights gleaned from
public and private stakeholders as well asdaii®danalysis and published research. The resulting report,

Drug Shortages: Root Causes and Potential Sqlpitiblished in 2019 and upethin 2020, identified three

root causes for drug shortages:

T Manufacturers lack incentives to produce drugs that are less profitable;

9 The mar ket does not recognize and reward manuf ac
focus on continuous prnovement and early detection of supply chain issues; and

T Logistical and regulatory challenges make it difficult for the market to recover from disruption.

Drug shortages al so persist because tpatejnofdo not a
market response. In this more typical pattern, prices rise after a supply disruption and provide an incentive

for existing and new suppliers to increase production until there is enough supply of a product to meet
demand. In this respect, tharket for prescription drugs and especially generic drugs differs from other

markets due to the high investment costs to enter the market (including the need for regulatory approvals),
and price pressures that may create uncertainty about gettingada egtequon investmerftor example,
according to FDA®s analysis of 163 drugs that wen

T Only 18 percent had a sustained price increase (i.e., an increase of 50 percent or more that began during
the shortage and lasted for 6 mor#hs).

32 For most of the drugs, FDA can evaluate the market reaction. However, for a small number of drugs we were
unable to evaluate the marketction due to limitations of the available data.
33 These results are qualitatively similar using alternative price increase thresholds ranging between 25 and 50
percent increases, and an alternative time horizon of 3 months. For example, usiogtatine horizon still
yields 18 percent of drugs. Likewise, a 25 percent price increase over 6 months yields 25 percent of drugs.
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T Only 42 percent had significant production increases (either new suppliers entering the market or existing
suppliers increasing production during the shortage to restore at least 50 percent of the unavailable
guantity).

T Only 30 percent had the quantityhaf trug sold restored to at least 100 percent of its amount prior to
the shortage (after 12 months of being in shortage, or at the end of the shortage if it had already resolved
within 12 months).

What Happened to Domestic Manufacturing?
Cost Pressidage Manufacturing Overseas

Cost pressures are likely one of the primary drivers of moving manufacturing overseas and likely
disproportionately affect the generic drug market.

In contrast to the brand market, economic pressures on the generic macdkgtdaset supply chain

vulnerability. The price of generics goes down as more drugs enters the market. In the generic market,
where drugs can generally be substitutes, FDA analysis found that for products with a single generic
producer, the generic eage manufacturer price is 39 percent lower than the brand average manufacturer
price before generic competition. As more producers enter the market, data show generic prices continue to
drop. With two competitors, prices are 54 percent lower; wittofapetitors, they are 79 percent lower;

and with six or more competitors, price reductions are greater than 95 percent compared to Bfand prices.
This increased competition drives generic prices towards the cost of production and reduces profit margins
for the producer.

In addition to this competition on price between generics, the various private financial/contractual
arrangements that drive the distribution of finished drug products, which are outside the purview of the

FDA, may also contribute to fuethpressures on price. Over the past few decades, sectors of the health care
system, including hospital systems, GPOs, wholesalers, and the pharmaceutical industry, have consolidated to
achieve efficiencies and increase negotiating power with sughtisstamers. For example, GPOs have
consolidated their market power, so that by 2018, the four largest GPOs accounted for about 90 percent of

the market for medical supplies in the United Statssa result, GPOs have been able to negotiate low
pricesgespecially for mulsiource generiés.

In preparing its recent report on drug shortages, FDA hosted a public meeting, held listening sessions with
stakeholders, and established a docket to receive public cémirtaoisgh these forums, manufacturers

of generic drugs expressed that current contracting practices create a high level of business uncertainty
because they generally do not guarantee that a certain volume of products will be purchased at an agreed
upon priceé8 FDA heard from stakeholdersthkab me contracts -purcentl gusasbu
allow GPOs to unilaterally walk away from a contract if a competing manufacturer is willing to supply the

34 Conrad, R and R Lutter, U.S. Food and Drug Administration. Generic Competition and Drug Prices: New
Evidence Linking Greater Generic Competition and Lower Generic Drug Prices. December 2019. Available at:
https://www.fda.gov/media/133509/download. Accelsse 4/9/2021.
35Bruhn et. al, 2018, Group Purchasing Organizations, Health Care Costs and Drug Shortages, JAMA:
https://www.ncbi.nlm.nih.gov/pubmed/30347037. Accessed on 4/2/2021.
36 U.S. Food and Drug Administration, Drug Shortages: Root Causes andid@@®&etutions (p. 21), 2019, updated
2020. Available at: https://www.fda.gov/media/131130/download. Accessed on 4/5/2021.
’0n November 27, 2018 FDA hosted a public meeting, @nl de
Finding Enduriinlgy tShhé uRolbearst, 6J w Margolis, MD, Center for
perspectives on the forces driving shortages and potential interventions. In connection with the public meeting,
FDA established a docket to receive public comments. ditiad, FDA held a series of listening sessions in
September and October 2018 with members of academia, m
advocates, manufacturers, GPOs, and drug distributors. FDA also met individually with sevesaiedn
stakeholders representing hospitals, physicians, intermediaries (GPOs), and the pharmaceutical industry.
38 U.S. Food and Drug Administration, Drug Shortages: Root Causes and Potential Solutions (p. 41), 2019, updated
2020. Available at: https://wwifda.gov/media/131130/download. Accessed on 4/5/2021.
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same product or bundle of products for a lower $rieeevalent contracting practices aagthese often

constrain the ability of manufacturers to raise their prices, while leaving them open to price challenges from
competitors who may try to undercut them to gain market share. When confronted with a price challenge,

the manufacturer usudilgs a choice of either meeting the challenge by lowering its price or losing market
share. As a result, generic drug manufacturers m
selling the drug at or below its cost to manufa€t@ech ecoommic pressures likely limit resources to invest

in manufacturing or redundant capacity for these generic drugs.

In addition, GPO contracting practices may lead to limits in diversification of supply. GPOs may contract

with certain manufacturers that aiténg to pay to become a sole supplier. GPOs may also further link

discounts to hospitals to sole supplier contractual arrangénidmse two practices can lead to one or two
manufacturers serving an entire regional or national supply chain. AUl 3teff Report on drug

shortage noted that GPO contracts, which are structured to take advantage of large economies of scale in
drug production, can lead to only a few large manufacturers producing each generic injectabl& medication.
This 2012 reporoncluded that because of GPO contracting and the Medicare Modernization Act, which
reduced reimbursement for injectable medications, individual generic injectable drugs were being produced by
at most three companies. In 2010, 90 percent of generblajenacology drugs were produced by three or

fewer manufacturefs.

Trends in a study of the generic market from 2004 to 2016 show thanomadiamof generic

manufacturers per molecule active ingredient/route of administration is typically tweravtsictal

suggests that mature U.S. generic drug markets should be considered in steady state and typically to involve
only a small number of generic competitors. This same study found significant turnover in the market, and
since 201Inore generic maradturers exiting the market than entering over that period f tfrae.

single facility has a production issue and needs to shut down manufacturing, the supply chain can be put at
risk.

When competition is generally based on price alone, and thérerararket forces keeping prices low,
manufacturers will generally minimize production
ability to make large investments to modernize quality systems, such as refurbishing or rebuilding aging
facilties. However, FDA does not have data showing whether this pressure to reduce production cost has
affected the quality of marketed drugs. A study of 252 drug products (Batmaadd 217 generic) met

all U.S. market standards for production andnaseating no meaningful difference in quality between

generic products and their branded counterpdtiiswever, a lack of sufficient investment in modern

guality management systems may render such drugs more susceptible to manufacturing digyulbtions that
drugs off the market and lead to supply issues.

Low Geographic Diversity

Lack of geographic diversity, including when production is concentrated in a single geographic area due to tax
or economic incentives, can also leave even a domestic suppbjrarainle to natural or other disasters.
In 2017, Hurricanes Maria and Irma affected drug manufacturing facilities in Puerto Rico. At the time, it was

39 bid, page 8.
401bid, page 22.
41 Bruhn et. al, 2018, Group Purchasing Organizations, Health Care Costs and Drug Shortages, JAMA:
https://www.ncbi.nlm.nih.gov/pubmed/30347037. Accessed on 4/2/2021.
2FDAOGs Contribution to the Drug Shortage Crisis, Staff
Committee on Oversight and Government Reform, June 15, 2012 https://republieasight.house.gov/wp
content/uploads/2012/06/85-2012ReportFDAs-Contributionto-the-Drug-ShortageCrisis.pdf. Accessed on
4/2/2021.
43 1bid.
44 Specifically, the authors found that generic entry rates increase from 2006 until 2013, and then decrease, while
generic exit rates generally increase until 2011, and arth@legafter. Berndt et al, 2017.
4 Fisher, AC, A Viehmann, et al., Quality Testing of DiffictdtMake Prescription Pharmaceutical Products
Marketed in the US 2020 JAMA doi:10.1001/jamanetworkopen.2020.13920.
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estimated that 10 percent of drugs consumed by Americans, including a numbellio§tpptented

drugs, were manufactured on the island. In addition to the tragic deaths and other devastation to the
population of Puerto Rico caused by Hurricane Maria, several shortages worsened due to the hurricane
impact, including the shortage of intravenous,fexganding the impact beyond Puerto Rico 4lone.

In 2016, an explosion at a factory of the Chinese Qilu Pharmaceutical resulted in suspension of operations.
The factory was the sole global manufacturer of several APIs for pipemsiiiotam (Zosyrg critical

antibiotic used in hospitals and for which there was already a $hatégdisruption exacerbated the

shortage, and per one source, led to substitution of other antibiotics that were broader spectrum. Per one
study, the shift to other @mbtics, some of which were considered higher risk, also led to increases in
Clostridium diffiicifections, a serious and sometimes deadly inféction.

Single Source Supplier and Limited Redundancy

Due to consolidation in overall production of APIsFIDHs outside of the United States, the supply chain
is vulnerable to changes in geopolitics, natural disasters, or other disruptions (e.g., due to climate change) that
could occur in one country but reverberate throughout the supply chain.

In addition, dimited number of manufacturers per drug also leads to risks. As noted above, the median
number of drug manufacturers per a unigue drug/dosadgéifobmtween two and three, indicating highly
concentrated markétsFurthermore, the share of dqugpductmarkets in both oral and rorally

formulated categories supplied by twiewer manufacturers grew over this time period but is more
pronounced among namally formulated dru§sCompounding this, the U.S. generic drug industry is
populated by numersuelatively small firms, each manufacturing a limited number of drugs generating
modest annual revenues, which may lead to more cost pressures. This is not representative of the entire
industry; as the report noted, there are a small number of gedegtspnd firms that hold many more
ANDAs and have greater reveriidedowever, as previously noted, manufacturers of older generic drugs
face intense price competition, uncertain revenue streams, and, for certain sterile products, high investment
requirenents, all of which limit potential returns and lead to industry conso$tlation.

46 U.S. Department of Homeland Security, ThéRuPrivate Analytic Exchange Program Research Findings,
Threats to Pharmaceutical Supply Chains, 2018. (AEP). Available at:
https://www.dhs.gov/sites/default/files/publications/2018_AEP_Threats to Pharmaceutical_Supply Chains.pdf.
Accessed on 4/2/2021.
47 Oehler, R., S. Gomp, Viewpoint: Shortcomings in the US Pharmaceutical Supply Chain Potential Risks
Associated With International Manufacturing and Tr&tidated Tariffs 2020 JAMA doi:10.1001/jama.2020.1634.
8 |bid.
4% The authors grouped product markgtrbolecule active ingredient and a unigque route of administration,
aggregating over difference dosages and strengths. Conti, RM and E Berndt, 2019, Four Facts Concerning
Competition in U.S. Generic Prescription Drug Markets, The National Bureau of EaoResearch, NBER
Working Paper No. 26194. https://www.nber.org/papers/w26194
FDAGs 2019 Report on Drug Shortages: Root Causes and
2019, Four Facts Concerning Competition in U.S. Generic PrescriptianNdarkets, The National Bureau of
Economic Research, NBER Working Paper No. 26194. https://www.nber.org/papers/w26194. Accessed on
4/9/2021.
51Berndt, E, et al., The Landscape of U.S. Prescription Drug Markets, NBER Working Paper No. w23640.
Available at:https://www.nber.org/system/files/working_papers/w23640/w23640.pdf. Accessed on 4/2/2021.
52 Most ANDA sponsors holdmallportfolios of ANDAs with the median number being one. However, a small
number of ANDA sponsors each holds hundreds if not thogsahdNDAs. Conti, RM and E Berndt, Four Facts
Concerning Competition in U.S. Generic Prescription Drug MayR&8&ER Working Paper No. 26194. Available
at: https://www.nber.org/papers/w26194. Accessed on 4/2/2021.
53U.S. Food and Drug Administration, Qyhortages: Root Causes and Potential Solutions (p. 21), 2019, updated
2020. Available at: https://www.fda.gov/media/131130/download. Accessed on 4/5/21.
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Limited Resilience
Obstacles to Expanding Production

The pharmaceutical supply chain has difficulty responding to disruptions. Shifting from an unreliable third
party source can take months and expanding manufacturing capacity is costly and requires investment and
time to obtain regulatory approvals. nfanufacturer perceives a need to increase production, the easiest
approach is to increase output from an existing production line in an existing facility. While this would not
likely require a significant change in material or processing conditidresprearditacturer would be able to

effect this change, likely without regulatory involvement of any type, the manufacturer is unlikely to have
unused capacity available and would almost certainly need to stop producing another drug.

If a new facility or dgnificant change in manufacturing conditions (e.g., new API supplier or change in
formulation or processing conditions to enhance throughput) is needed, the manufacturer would need to
validate the change with the appropriate regulatory body, whicls pgquing the change is controlled and

leads to an equivalent safe and effective drug. One of the biggest challenges the manufacturer might need to
address is gaining approval in all countries where the drug will be marketed and where such a requirement
exists. The manufacturer may choose not to make the change or may delay implementing the change until all
markets have approved the proposal. Additional challenges include ensuring all material suppliers can
produce at the higher level of output andertitheframe needed to address the demand.

COVID-19 Exacerbated Vulnerabilities in the Drug Supply Chain

The COVID-19 public health emergency laid have and longtandinglrug supply chain vulnerabilities

As the pandemic unfoldede United States feat an urgent need for many generic medications used

routinely in hospitals, including for the most critically ill patients. The raw materials and APIs for many of
those medications are predominantly manufactured overseas. Complex global suppted blamaddity

to respond quickly to increased demand. Foreign export restrictions on finished drugs and APls may have
contributed to stress on the supply of some critical CQ9iBeatment drugs (including -amigctive

products), as well as hormoredinations and vitamins.

Vulnerabilities in the supply chain led to widespread shortages of drugs critical for treating
COVID -19 patients in acute and intensive care settings.

Beginning in March 2020, HHS (including the Assistant Secretary for eepaed Response (ASPR)

and FDA) worked with the Federal Emergency Management Agency (FEMA), the Department of Commerce
(Commerce), the Department of Justice (DOJ) Drug Enforcement Agency, and the Department of Defense
(DOD) to identify key starting matds (KSMs) made within the United States, including the starting

material for API production and FDFs to the point of origin. Together, these departments used this
information to identify KSMs, APIs, and FDF drugs that the United States does notgtrechiee

domestically, and developed a sourcing strategy to mitigate foreign supply chain dependencies.

The COVID-19 pandemic also highlighted other challenges in monitoring drug supply as it greatly increased
regional variation in the availability dfcai medicines for treatment of COVID and its medical sequelae.

To respond to this critical need, FDA developed the CQ9IDrug Monitoring Portal, which requests

information on a voluntary basis from hospitals on the frontlines of CT®KE¥en whethose drugs are

not in nationwide shortage. Many of the drugs specifically targeted are drugs included on the FDA Essential
Medicines List generated in responge@13944 I ndeed, this outreach al so
of the medications thate essential to have on hand in the case of a public health emergency.

Another risk to the supply chain is products that do not meet quality standards. Even when FDA identifies
the original source of a problem, it can be difficult to remove producthé market in order to protect
patients. For example, during the CONtBDpandemic, hand sanitizer products contaminated with
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methanol led to the death of over 20 people in the United States. FDA quickly engaged manufacturers and
asked them to recabbntaminated products. While some manufacturers voluntarily recalled these products
immediately, others did so after a delay or chose not to recall the products, and FDA had no authority to
mandate a recall in such instances. Some manufacturers egnioavie incentives to keep their product

on the market if possible, even if that risks patient or consumer harm. As a result, the products containing
dangerous ingredients were on the market for a | o
significant health risks.

Dependence on Foreign NationsGordpatiiive Actions

Dependence on foreign nations has been cited as a key vulnerability for the U.S. drug supply chain.
Specifically, foreign governments can leverage this dependency l®yr r upt i ng t he Uni ted
these supply chains. Therefore, the supply of drugs and the health of American citizens dependent upon
these drugs are vulnerable to the geopolitical strategies of foreign governments.

The U.S. pharmaceuticalgpdpy chain is dependent on Chinads cont
data, in 2020, the United States imported $1.8 billion in APIs from China and $582 million from India, the
second and eighth highest sources, respectively. With regard tod-DRited States imported $7.9 billion

in FDFs from India and $1.4 billion from China, tharid 16 largest exporters to the United States,

respectively. As of 2018, China ranked second among countries that export drugs and biologics to the United
States by import line (13.4 perc&n8n import line is a distinct regulated product within a shipment

through customs. A single shipment may include multiple lines of varying sizes. Approximately 83 percent

of these Chinese import lines for drugshamidgics were human FDFs, and 7.5 percent were APls; the

remaining 10 percent were animal drugs and medicated animal feed.

APIs manufactured by China also come to the United States as part of finished drug products manufactured
in other countries, such bdia. According to one source, India, which supplies approximately 40 percent of
generic pharmaceuticals used in the United States, imports nearly 70 percent of its APIs from China.
According to comments in response to Docket N62BBR0345556 Tigura Pharmaceuticals quoted reports

that the Government of India estimated that they are 70 percent reliant on their intermediate chemicals from
China and a study that Europe imports 90 percent of their generic API frobiS€Hiharefore, the

percentagef APIs produced by China for the U.S. marketplace is likely underrepresented by trade numbers
because China is a major supplier of APIs for other cobhibiegendence on overseas suppliers leaves the
United States vulnerable to supply interruptionshtathges without the agility to respond to sharp

increases in demand over a short period of time.

Examples of generic drug categories made in China and sold in the United States include antibiotics, anti
depressants, oral contraceptives, chemotheraanéer treatment for children and adults, and medicines
for Al zhei mer 6s, HI V/ Al DS, di abet es , -citdtl@xarkplemsss on 6 s ,

54 Exploring the Growing U.S. Reliance on China's Biotech and Pharmaceutical Products, Testimorky of Ma
Abdoo,Associate Commissioner for Global Policy and Strateggod and Drug Administration, July 31, 2019.
Available at:https://www.fda.gov/newsvents/congressiongstimony/exploringgrowingusreliancechinas
biotechandpharmaceuticaproducts07312019. Accessed on 4/2/2021.
5585 Fed. Ref. 77428 (December 23, 2020).
56 Notice of Request for Public Comments on Condition of the Public Health Industrial Base and Recommend
Policies and Actions to Strengthen the Public Health Industrial Base to Ensure Essential Medicines, Medical
Countermeasures, and Critical Inputs Are Madéhe United States, Docket No. BES20-:0034.
56l ndi an government moves on APhe®harma lsette@pril 12@28.e suppl i es
Available at: https://www.thepharmaletter.com/article/indignvernmenimoveson-apisaschinesesupples-are
returning. Accessed 5/9/2021.
Brunsden, J. andl® Pepbsel0B00s 6CelandaiTinees20 Aprildr ug | mpor
Available at https://www.ft.com/content/c30eb1fd8e-4d42b2a81c6f70bb4d55. Accessed 5/9/2021.
59 Exploringthe Growing U.S. Reliance on China's Biotech and Pharmaceutical Products, Testimony of Mark
Abdoo,Associate Commissioner for Global Policy and Strateiggod and Drug Administration, July 31, 2019.
Available at:https://www.fda.gov/newsvents/congresaimattestimony/exploringgrowingusreliancechinas
biotechandpharmaceuticaproducts07312019. Accessed on 4/2/2021.
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penicillin Gused for most forms afyphilis and rheumatic fever. A survey of 114 cesatrd territories in
20142016 found that 39 had shortages of penicifiit@vas noted that this sterile injectable was

reimbursed at pennies per dose for manufacturers. The manufacturing of API for this product is
concentrated in China, with thréehe four companies that manufacture the APIs in China, and one in
AustrigétAccording to one report, India exited the market for penicillin G production because it became
financially wunviable 20 compete with Chinads | ow

Concentration of API inl@ina may also result from state actions to increase market share. Per testimony
before the U.SChina Economic and Security Review Commission, penicillin has not been made in the
United States since 2@8#hich has been attributed to a broader actategyrby Chinese companies to

sell product on the global market at batwwket price, which drove U.S., European, and Indian producers

out of the business. Once the Chinese companies gained dominant global market share, prices increased. As
a result othis strategy, not only have prices risen, but the United States does not have current domestic
production capacity for many generic antibiotics
tract infections, sexually transmitted diselage® disease, superbugs, and other infections that are threats

to human lifé4 For example, after the anthrax attacks on Capitol Hill and elsewhere in 2001, it was reported
that the U.S. government needed to turn to a European company to buy nilteas of the

recommended treatment for anthrax exposure, ciprofléxdd¢iat company had to buy the chemical

starting material from Chiffa.

This consolidation of production to laast countries is also driven by increasing pressure to acquire
productsat the lowest cost possible, which for drugs like antibiotics has led to companies focusing

production on products that have higher profit potential. For example, widterdrantibiotics

collectively generate $4.7 billion in global sales anrsiaiie aancer medicine can generate twice that

revenue annuafy.When profit margins are lower on patented products, there are fewer incentives for
multiple generic companies to enter the market. Additionally, shortages of products like antif@eécs can
effects beyond patient access; doctors may use inferior products that are not as effective, leading to longer
hospital stays, greater burdens on the health care system, and in the case of antibiotics, potentially additions
to growing antimicrobial istance globalfy.

50 NurseFindlay, S. et al. Shortages of benzathine penicillin for prevention of mtatiedild transmission of
syphilis: An evaluationrbm multicountry surveys and stakeholder interviews. PLOS Med. 14, €1002473 (2017).
61 Oehler, R, S Gomp, Viewpoint: Shortcomings in the US Pharmaceutical Supply Chain Potential Risks Associated
With International Manufacturing and Tra@Related Tariffs 2200 JAMA doi:10.1001/jama.2020.1634.
62 Guimaraes KWhy is the world suffering from a penicillin shortage? Posted May 21, 2017. Accessed November
1, 2019 https://www.aljazeera.com/indepth/features/2017/05/wsdfferingpenicillin-shortage
17051707590284 htmi.
Hearing on fAExploring the Growing U.S. Reliance on
Wednesday, July 31, 2019, Rosemary Gibson testinttps://www.uscc.gov/hearings/explorifgyowing
us-reliancechinasbiotechandpharmaceuticaproducts Accessed on 4/5/2021.
%“Hearing on AExploring the Growing U.S. Reliance on (
Wednesday, July 31, 2019, Rosam Gibson testimonWttps://www.uscc.gov/hearings/explorirgyowing
us-reliancechinasbiotechandpharmaceuticaproducts Accessed on 4/5/2021.
85 https://www.washingtonpost.com/archive/politics/2001/10/20/dimng-playsdefensein-anthrax
scare/aa3b@9-2ch34264a360aed1babbe8f8CNN, October 24, 2001,
https://www.cnn.com/2001/HEALTH/conditions/10/24/anthrax/index.html.
%Hearing on fAExploring the Growing U.S. Rel i ance on
Wednesday, July 31, 2019, Rosemary Gibson testinitps://www.uscc.gov/hearings/exploridggowing
us-reliancechinasbiotechandpharmaceuticaproducts Accessed on 4/5/2021.
57 Shortages, Stockouts, and Scarcity. Available at: https://accesstometlicitation.org/publications/shortages
stockoutsandscarcitythe-issuesfacingthe-securityof-antibiotic-supplyandtherole-for-pharmaceutical
companies. Accessed on 4/9/21.
58 1bid.
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An estimated 43.1 percent of heparin and its salts imported into the United States come from
China. An estimated 75 percent of all U.S. heparin API is produced outside the United States.
In 2019, 35.9 percent of antibiotiamported into the United States came from Chin&

Current Tools to Address Shortages

Once a shortage or supply disruption is identified, FDA has several tools to respond, including:

1 Working with the manufacturer of a product on actions they areamdiale to take to avoid or
mitigate the shortagEhis could involve FDA exercising temporary regulatory flexibility and discretion
under certain conditions if there is a quality issue involved that would not lead to an unacceptable clinical
risk. (Exanples of unacceptable clinical risks may include a lot being out of specification or
contamination by a harmful impurity). Any exercise of temporary regulatory flexibility and discretion in
this manner involves thorough review by all relevant experts.

1 Working with the approved manufacturer on any changes in specifications or additional lines, sites, or
suppliers, and expediting review of these submis

1 Determining whether there are any pending ANDAsdhat be expedited and considering whether
there are discontinued applications or applications not currently being marketed that firms could re
launch or launch.

i For a product in distribution nearing expiry, working with the approved manufacturer orthelgether
have data to extend expiry on specific lots and post the lot numbers and new dating in the database on
FDAGs website.

1 Currently, when U.S. manufacturers are not able to resolve a shortage immediately and the shortage
involves a critical drug neededU.S .patients, FDA may consider not objecting to an-Figstered
firmds temporary i mportation of a product that i
these circumstances, FDA consi d&aafety ara eficacpnge of cr
These criteria include the formulation and other attributes of the drug, as well as the quality of the
registered establishment where the drug is manufactured. FDA also encourages any firms temporarily
importing a drug in theseatimstances to apply to add an approved source to the market.

1 In a public health emergency, issuing emergency use authorizations for therapeutics used to treat critically
ill patients when the supply of the approved alternatives is insufficient tcefuleramergency need
(e.g., renal replacement solution and propofol.)

9 Outsourcing facilities under Section 503B of the FD&C Act, which may be an important alternative
source to help mitigate a shortage of an approved product.

From March 2020 through September 2020, FDA expedited review and approved more than 31 original
ANDAs for drugs used in the treatmenpafients with COVIBEL9 and more than 534 ANDA supplements

under the COVIB19 prioritization programs. FDA also exedcregulatory flexibility (e.g., temporary

packaging or labeling changes, temporary importation of product intended for foreign market, product
manufactured at an alternate site) more than 35 times to increase availability of critically needed medications
that were in short supply, including heparin, albuterol, etomidate, midazolam, propofol, and others. FDA
also expedited assessments of manufacturing supplements to facilitate manufacturing capaciti$or COVID
therapeutic biologics.

69 Congressional Research Service, COMI) China Medical Supply ChainadBroader Trade Issues, Updated
December 23, 2020. https://crsreports.congress.gov/product/pdf/R/R46304, Accessed on 5/25/21.
70 |bid.
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Surveillance Enhancments Implemented During the Pandemic

The HHS Supply Chain Control Tower (SCCT) was established in March 2020 to provide visibility into
critical medical supply chains to support U.S. Government dewkiog and actions on planning,

acquisition, prioiitation, allocation, and targeted distribution to get supplies where they are needed. The
SCCT program leverages information from manufacturers, distributors, and healthcare providers, as well as
U.S. Government entities such as the Strategic NatiakgilStand FEMA, to monitor the availability and

supply of critical medical prodiiciscluding select personal protective equipment, pharmaceuticals, new
COVID-19 therapeutics, poiaf-care tests, and needles and syringes.

For pharmaceuticals, the SC@dgpam tracks commercial distribution of more than 40 existing drugs and
new therapeutics that are used in the treatment of patients with-C@VIDe distribution data
arevoluntarily provided by four distributors who collectively represent apprgx@datetcent of the U.S.
pharmaceutical distribution marRétese distributors provide neiaily transactielevel information on

orders, shipments, and inventories that are ingested, standardized, and aggregated into datasets and
visualizations that ide on HHS Proteét. In addition, the SCCT program integrates information reported
weekly by approximately 5,000 hospitals on their ability to obtain and maintain medications that support
patients requiring the highest level of acute care, includitagorgrgupport; any requests for support from
state, local, Tribal, and territorial governments to the Strategic National Stockpile or FEMA for
pharmaceuticals; and information from FDA's drug shortages déttédbanelear whether this voluntary
sharimy of data will be available beyond the public health emergency.

Risks Most Likely to Impact the Supply Chain

In sum, multiple factors can cause vulnerability in the drug supply chain, including:

The complexity, vastness, and multinational nature otigplyg shains and corresponding
overdependence on foreign entities who may prioritize national interests above trade in an emergency.
Effect of economic pressures and other market influences.

Reduced incentive for existing manufacturers to invest idinggrquipment, improving supply chains,

or expanding capacity.

Lack of redundant capacity in manufacturing.

Justin-time inventory management practices that limit inventory and reduce the ability to respond to
surges in demand.

Geographic concentratiohmanufacturers that puts production at risk from natural disasters or climate
change that can quickly affect an entire region.
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In addition, consolidation of generic drug manufacturing is driven by multiple factors, including:

1 Low volume and margins fmany generic drugs, resulting in difficult economic conditions for new
entrants.

T Anticompetitive actions by certain countries to obtain market share.

I More manufacturers exiting the market than entering it.

GLOBAL FOOTPRINT

Several regulatory partners have also initiated review of actions that can be taken to build and strengthen their
supply chain, opening potentipportunities to align and create synergy for a robust supply chain.

The European Commission (EC) recerglyeid &harmaceutical Strategy for Eurolpeaddition to being
described as a plan to increase access to affordable medications, the St@idpracterized as
ocompl ementary to the European Gr eenonlbeaaddxic and mor

" The HHS Protect ecosystem is a secure platform for authentication, amalgamation, and sharing of healthcare
information, so that the U.S. Government can harness the full power of data for the @V#3ponse.
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free environment, notably through the impact of p
Strategy is comprehensive and includes investment in

development of new pharmaceuticals (including new antimicrobials), frameworkadergarideation,
and use of digital technologies. With respect to supply chains, the Strategy states that:

BuildingupEUG6 s open st r inthe areaof madicines requireg actions to identify
strategic dependencies in health, and to proposeresgaseduce them, possibly including by
diversifying production and supply chains, ensuring strategic stockpiling, as well as fostering
production and investment in Europe. Minimizing the impact of medicines shortages on patient care
will require botlpreventative and mitigating measures to significantly reinforce the obligation of
continuous supplies.

In addition to committing to a study of the root causes of shortages, the Strategy notes a commitment to:

éenhanced cooperation between Member States, f
and strategies, joint procurement for critical medicines alegdtldooperation on tools and

instruments for national policy making on prices and reimbursememiodeots with small

volumes or limited use, new business contracting and/or payment models will be crucial.

Finally, the Strategy outlines a series of structured digdobue&C will therefore initiate and steer a
structured dialogue with the pharewdicals manufacturing value chain, public authorities, patient and health
nongovernmental organizations, and the research community. Per the report:

[In] its first phase, the structured dialogue will aim to gain a better understanding of the functioning
of global supply chains and identify the precise causes and drivers of different potential
vulnerabilities, including potential dependencies threatening the supply of critical medicines, active
pharmaceutical ingredients and raw materials based oretdtarcahd analysis. In a second

phase, the structured dialogue will serve to put forward a set of possible measures to address the
identified vulnerabilities and formulate policy options to be considered by the Commission and other
authorities in the Etb ensure the security of supply and the availability of critical medicines, active
pharmaceutical ingredients and raw materials.

In addition to regulatory partners, pharmaceutical industries in other countries are taking actions related to
thesupplychia. | n Eur ope, Sanofi is creati-largestawiat it has
manufacturer, EUROAPI, with sales expectations of over $1 billion By RB&2&ugh reportedly not

directly prompted by the COVAI® pandemic, the move is nevertkad@pected to play a role in easing

Europeadr ug maker s dependence on supplies of raw ma

TheCanadi an Generic Pharmaceutical Association set
2020, calling for fresh investmentlomestic manufacturing and insisting that an enhanced international role

is needed for Canada, as well as urging engagement with Canadian manufacturers to create a local stockpile o
essential drugs.

72 European Commission, Structured dialogue on security of medicines supply. Available at:
https://ec.europa.eu/health/hurnase/strategy/dialogue_medicirgspply en. Accessed on 4/15/20.
73 Sanofi API Unit Expects $1bn Sales By 2022. Generics Bulletin, 28 Feb 2020. Available at:
https://generics.pharmaintelligence.informa.com/GB149658/SamRifiUnit-Expects$lbnSalesBy-2022.
Accessed on 4/2/2021. See also Sanofi Press Ref&aSHOFI unwils EUROAPI as the name of the new industry
|l eading European APl company and appoints Kar/l Rott hi el
https://www.sanofi.com/en/medi@om/presgeleases/2021/20211-12-14-30-00. Accessed on 4/2/2021.
74 Canadian Body Calls for Investment in Domestic Product®mnerics Bulletin, 18 Jun 202Qvailable at:
https://generics.pharmaintelligence.informa.com/GB150002/Can&didyCalls-For-Investmemtin-Domestie
Production. Accessed on 4/2/2021.
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OPPORTUNITIES & CHALLENGES

As mentioned above, the three pillars of a robust and resilient supply chain are quality, diversity, and
redundancy. For FDA to be able to optimally exénflisence over the three pillars, FDA must have the
appropriate tools to maintain oversight avet@eness of the supply chain. The more insight FDA has into
the supply chain, the better FDA is at identifying vulnerabilities and being able to proactively prevent and
mitigate potential shortages, consistent with our statutory authorities.

Challenges wih Monitoring the Supply Chain

Although FDA has some insight into the drug manufacturing supply chain, certain limitations inhibit the

ability to identify vulnerabilities in the supply chain. Under current law, unless otherwise exempt, all domestic
estail shments that manufacture, prepare, propagate,
foreign establishments that manufacture drugs that are imported or offered for import into the United States
are required to register their establishmedtisathe drugs they manufacture at those establishments.
Additionally, holders of approved drug applications (i.e., those with an approved new drug application,
biologics license application, or ANDA) are required to submit, in their annual repoatianf@bout the

guantity of the drug that they distributed during the previous year. Although this information is useful to

FDA, it does not provide sufficient insight into the supply chain to allow FDA to adequately monitor and
identify vulnerabilities

For example, many foreign APl manufacturers that ship their drug to another foreign country to be
incorporated into a finished product that is ultimately imported into the United States do not register their
establishments with FDA. Additionally, tistrithiution volume information submitted by holders of

approved drug applications only apply to products subject to an approved application; this information could
be aggregated across all establishments where the drug product was made, if it wasdzamididle
establishments, leaving FDA without visibility into which faciliéiestually used to manufacture the

finished drug product or APIs or the relative contribution of each facility.

For example, if an application were to identify two dicraesl two foreign manufacturing establishments at

which the drug product may be manufactured, FDA would not typically know which of these establishments
are actually being used to produce the drug product nor the quantity that is produced byuhe respecti
establishments. It might be the case, for example, that 100 percent of the manufacturing takes place in one or
both foreign establishments, and that the domestic facilities were included only as backups. Similarly, if the
application lists multiple ABuppliers, the applicant may source the overwhelming majority of APIs from

just one of those suppliers, or a portion from each supplier. This can change over time depending on various
business and supply considerationsyhatlappears to be a divéesifand redundant supply chain can

actually be more vulnerable than it appears if the operations of the dominant APl or FDF manufacturer are
affected by a quality issue or other event, such as a natural disaster.

Recently, Congress took action to fillesoifithese information gaps. Specifically, in the spring of 2020,

Congress passed the Coronavirus Aid, Relief, and Economic Security (CARES) Act, which amended the
FD&C Act to require drug manufactunergistered under Section 510 of the FD&C Act to

repat annuallyo FDA the amount of each listed drug they manufadaredmmercial distribution. This
additional information wi |l i mprove FDAOGOs insight
further i mprove FDAOGhchanb kol example, thedatmrequiret to Ipe subtmitted s u p p
do not enable FDA to determine which drug product manufacturers are relying on a given API supplier, or
how much of a manufacturerds API i s beapplicatos uppl i e
holder has listed more than one API supplier in its application, FDA would not know whether the application
holder is relying on each supplier equally or is only relying on a single supplier, making it difficult for FDA to
predicthowadisput i on in one API supplier, or APl supplier
ability to produce the drug products that require that API.

Without this level of transparency, FDA must still primarily rely on notifications from manufaoturers a
permanent discontinuances in the manufacturing of certain products and interruptions in manufacturing of
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such products under Section 506C of the FD&C Act. These reports are generally required to be provided at
least 6 months prior to the discontireeaar interruption; however, this is not always posshliinough

these reports are helpful, they are not a substitute for more camjgbten the status of the supply chain.
Specifically, they do not require manufacturers to report increaseariditat could affect the supply of

the drug

Another factor affecting the ability to monitor the supply chain is that some foreign drug manufacturers fail

to register their facilities because they do not ship the drugs they manufacture direatijed States.

This causes two important problems. First, because of the failure to register, FDA is not aware of these
facilities and cannot incorporate them into thebaskd inspection model, thus hindering our ability to

proactively monitor their gity to comply with Current Good Manufacturing Practice (CGMP) regulations.
Second, the new volume reporting requirements that were added by the CARES Act are tied to establishment
registration; therefore, if manufacturers do not register, they likelyetcsubmit the manufacturing

vol ume i nformation to FDA, limiting the FDA®s abi
impact that could result from a disruption at these facilities.

Ot her factors al so Itelymonitor theDgaalitg of drugs enteringythe U.&. s@pphyp r o p r
chain. For example, APIs and finished drug products do not always include the identity of the original
manufacturer in their labeling. This can pose challenges when investigating drug thr pduetsiati

quality problems and trying to determine the original source of the problem. This makes it difficult for FDA

to fully assess the extent of a quality issue and the impact the quality issue may have on the supply chain.

In additionto manufactui ng vol ume dat a, F D AL6 Bighlghtspghe potertinlc e dur it
utility of timely, accurate, and complete data related to demand that can be seamlessly integrated to provide
early signals and allow for timely action. Specifically, duri@iiz-9 pandemic, we saw how sudden,
unexpected changes in demand can trigger or exacerbate a shortage. FDA has already started the process to
bring its available data together and investigate how to best utilize advanced analytics and other tools to
idertify potential shortage signals so that proactive regulatory actions can be taken. However, the data
currently available to FDA are not sufficient to build a system that allows for optimal, timely predictions or
action.

Promoting Quality

Most shortages have been related to manufacturing quality. The prescription drug market, especially for
generic drugs but also for braraine drugs, often does not provide incentives for manufacturers to invest in
current manufacturing technologies amarements in quality management. Continual technical

improvement and updating is needed because facilities age, routine operations require updates to maintain a
state of control, technology evolves, suppliers change, and scientific expectatiorchamaealsofailure

to implement such updates and improvements can lead to quality problems.

Historically, many pharmaceutical manufacturing firms have focused their efforts on compliance with CGMP,
which include standards for production materials, equipnfacilities, production, laboratory, packaging

and labeling, and quality control. These foundational standards, however, only set a minimum threshold that
companies must achieve in order to be allowed to supply the U.S. marketplace. Thelyde maréec

advanced levels of quality management, which would aim to robustly detect vulnerabilities and address them
to prevent the occurrence of problems, as well as establish a culture that rewards process and system
improvements. As companies move ffocasing on compliance with CGMP to institutionalizing continual
process and system improvement efforts, they begin to advance in quality management maturity.

>When provding at least 6 months advanced notice is not possible because the discontinuance or interruption was
not reasonably anticipated, manufacturers must report as soon as practicable thereafter, but in no case later than 5
business days after the discontinceuor interruption in manufacturing occurs. See section 506C(b) of the FD&C
Act; 21 CFR 310.306(b), 314.81(b)(3)(iii))(b)(2), and 600.82(b)(2). For example, a planned site transfer may include
several months of lead time before a shortage may occur, thbikudden shutdown of a facility or an identified
product defect could result in no lead time.
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Quality management maturity in the pharmaceutical industry is important for strengthepjly thaisu

Some pharmaceutical firms have been slow to implement robust, mature quality systems and the
accompanying quantitative measures of quality that have been the foundation of success in other industries,
such as automotive and aerosffaébeseandustries exercise quality oversight by vigilantly monitoring

ongoing process performance and product quality data, and promptly adjusting operations when needed.
Numerous organizations and quality experts have worked to develop conceptual moddhrdsfbsta

advancing the maturity of industrial quality management systems. These models could be used more broadly
in the pharmaceutical industry to improve supply reliability and shift from doing only what is necessary to
meet CGMP to proactively foqugion achieving quality management maturity.

The work to prevent or mitigate shortages due to disruptions in manufacturing has highlighted the
importance of strengthening quality management systems in manufacturing. Mature quality management
starts with foundational quality management system that not only conforms to CGMP but also builds in a
performance and patient focus that utilizes technology, statistical process control, and planning activities to
ensure a reliable supply of the drugs manufactuhedfacility.

Promoting Diversification and Redundancy

To build diversification and redundancy into the supply chain for pharmaceuticals and APIs, and to support
national economic growth, a greater proportion of manufacturing of pharmaceuticalsvaitichéétiso

occur in countries other than those with the lowest labor costs and least robust environmental frameworks
(such as China and India). Using traditional pharmaceutical manufacturing technology, a domestic
manufacturer generally could not otfise labor and other cost advantages of some foreign nations.

However, advanced manufacturing technologies could enable Unitdé&tdtpharmaceutical

manufacturing to bolster its competitiveness with those of foreign countries and potentiallgtabkure

supply of drugs critical to the health of U.S. patients, as well as increpagimgdanerican jobs. In spite

of the benefits provided, the cost of adoption for advanced manufacturing processes remains a limiting factor
for generic manufacens that operate with much smaller profit margins, as opposed to the innovator market
where higher profit margins enable such investment.

Advanced manufactsiiangpllective term for innovative manufacturing technologies that can improve quality.
Although widely used in other industries such as automotive, aerospace, and semiconductors, pharmaceutical
companies are just beginning to use advanced manufacturing. Advanced manufacturing offers many
advantages over traditional pharmaceutical manufaatetirdjing that, once implemented, it can be used

far more coseffectively than traditional manufacturing. If the United States invests in this technology, it
could be used to reduce the Nationds ddepfemwrdence o
domestic manufacturing base, and reduce quality issues that trigger drug shortages and recalls. For APl and
FDF manufacturing, new technologies include continuous manufacturing (CM), wherein the finished drug
product is produced as a continustmsam, as opposed to traditional batch manufacturing, where breaks or
stops exist between different processing steps. CM can improve pharmaceutical manufacturing by using an
integrated process with fewer steps and shorter processing times, reopaiiegegsipment footprint,

supporting an enhanced development approach (e.g., quality by design) and use of process analytical
technology and models, enablingtneed product quality monitoring, and providing flexible operation to

allow scalep, scakelown, and scalteut in order to accommodate changing supply demands.

In sum, advantages of advanced manufacturing include:

T Product quality can be precisely controlled with modern automation and control systems and can be
closely monitored durimgoduction by using higiesolution analytics.

1 High technology, computeontrolled production facilities are better able to rapidly respond to changes
in demand because they typically do not have the equipmeiy &sales associated with traditional
methods and can be capable of seamlessly producing a variety of strengths and even dosage forms.

"® Fuhr, Ted, et al., 2015, Flawlefem Measuring Failure to Building Quality Robustness in Pharma, McKinsey &
Company.
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T Advanced manufacturing platforms have a much smaller footprint than traditional manufacturing
platforms, and the equipment can be made portable so thakithecandd closer to markets, reducing
the need for transcontinental shipping of components.

Over time, after initial investment, medicines can be produced at lower cost than by traditional methods.

1 Advanced manufacturing requires a skilled workforce amiboaste highwage job growth for
American workers.

1 Environmental impact of manufacturing is significantly reduced.

=a

To prioritize and prepare for advanced manufacturing, FDA formed an Advanced Manufacturing Regulatory
Framework Working Group to identifgpg and potential regulatory pain points that could impede the

approval of advanced manufacturing technologies. FDA also issued guidance for applicants seeking to use
CM for smatimolecule and solid oral drug produtitsaddition to guidance, FDA isigety engaged with
international counterparts in harmonizing requirements to assist manufacturers who are interested in
exploring advanced manufacturidg part of this effort, an ad hoc committee of the National Academies of
Sciences, Engineering, arebiine recently published a consensus Tdpam a series of workshops

describing (1) potential pharmaceutical applications of emerging technologies, (2) key technical issues that will
affect innovation, (3) regulatory issues for which FDA might wamepire, and (4) suggestions for how to
overcome those regulatory issues to facilitate the adoption of promising novel technologies in the
pharmaceutical industry.

FDA86s CDER Emerging Technology Program and Ot her

FDA has taken steps to encoeragd support the adoption of advanced manufacturing techniques, but

more can be done. For example, in | ate 2014, FDA
(ETP), which fosters close collaboration with industry to reduce barriers to entgnfadad

manufacturing. ETP provides a gateway for eadsulpm@ssion) discussions of innovative technologies

and approaches, even before a candidate drug is identified. Under ETP, FDA/CDER received over 100
proposals, and accepted approximately 58pduata wide range of innovative technologies applicable to

drug delivery systems, as well as testing, quality control, and manufacturing of APlsnatetsiaaind

biological products. Examples include:

T CM: A manufacturing process that integrateetwnoreunit operations together with a highly
automated system to ensure a robust, uninterrupted continuous operation;

End-to-end CM: A continuous process that integrates both APl and drug product manufacturing;
Portable and modular manufacturing plaitéo(e.g., Pharmacy on Demand);

3D printing technologies for solid dosage forms.; and

A variety of novel analytical and drug delivery technologies.

=a =4 —a -9

As a result of this effort, between 2015 and 2020, FDA/CDER approved a total of 11 applications involving
advanced manufacturing. Of these, eight applications involved CM for FDF manufacturing, one application
involved CM in producing a highlling (higtvolume) API, one application used CM for making a biological
product to treat a rare disease, and onieagn used 3D printing to manufacture rapidly dissolving pills.

In 9 of these 11 approved applications, the drug manufacturers use modern manufacturing facilities
incorporating advanced manufacturing technologies in the United States for theirat@rodaction.

Also, during the COVIEL9 pandemic, FDA approved two supplemental applications that used advanced
manufacturing in a U.S. facility to address the potential shortage of two critical drug products.

FDA also initiated an extramural researoram to collaborate with academia and is building advanced
manufacturing research facilities in Ammendale, Maryland and additional lab space in St. Louis, Missouri to

"7 National Academies of Sciences, Ereggring, and Medicine. 202Innovations in Pharmaceutical
Manufacturing on the Horizon: Technical Challenges, Regulatory Issues, and Recommendéigirington, DC:
The National Academies Pres$dtps://doi.org/10.17226/26009
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support intramural research programs in advanced manufacturing. These reseaschgmegri@nuata
and knowledge to support FDA application evaluation, inspection, policy, guidance development, workforce
development, and training in advanced manufacturing.

Although the success to date demonstrates that the adoption of advanced nmgnigfetotiwlogy has the

potential to enable domestic manufacturdse tmmpetitive in the marketplace, the limited number of

approved applications demonstrates that there are likely still barriers to entry beyond the regulatory barriers
the ETP is desigl to reduceThese could include logistical challenges, as well as lack of the sufficient
skilled workforce and technical expertise to support broader development and implementation of advanced
manufacturing processes for commercial production of pleativals. However, equally if not more

important to consider, is the barrier created by insufficient, conflicting, or countervailing focémgéives

industry.

During 2015 to 2020, FDA approved:

i Eight drug applications for using CM to make pidducts;

1 One application for using CM for producing a-k&jling (higivolume) API;

1 One application for using CM to make a biological molecule to treat a rare disease; and
1 The first application for using 3D printing to manufacture rapidly dissdlsing pi

In nine of these applications, the drug manufacturers use advanced manufacturing technologie
United States for commercial production.

FDA8s Advanced Technol ogies Team for Vaccines and

Advanced manufacturing can help create a more agile and robust manufacturing environment with flexibility
to ramp up the manufacture of biologics such as vaccines on short notice and rapidly modify them to address
infectious diseases. It can also prayigiater assurance that the biologic products manufactured will provide

the expected clinical performance.

FDAds CBER also encourages the development and ad
domestic biopharmaceutical manufacturing. FDA/CBERtiently supporting development of an

advanced manufacturing platform for Messenger RNA (mRNA) vaccines to support thd COVID
vaccination efforts. While the pilot for mMRNA vaccines will be most directly in support of thel®OVID
response, this techngly will also be applicable to other Rd&ed therapeutics, such as antistNde

Such a modernization effort aims to result in a more robust manufacturing process with fewer interruptions
in production, fewer product failures (before or after distniuand greater assurance that the biologic
products manufactured will provide the expected clinical performance. FDA/CBER recognizes that the
implementation of emerging technologies for manufacturinguaitify complex biologics could present a

varigy of challenges for both FDA/CBER and industry, making support from FDA a critical part of the
effort.

To address these challenges, FDA established the CBER Advanced Technologies Team (CATT) in 2019.
CATT provides an interactive mechanism for prospéctiovators and developers of advanced

manufacturing and testing technologies to discuss with FDA/CBER staff issues related to the

implementation of these technologies in the development ofi€giBRed products. In addition, since

2018, FDA/CBER hasnarded several grants and contracts that support research projects to study and
recommend improvements for the advanced manufacturing of biological products, including the investigation
and development of innovative monitoring and control techniqueindibe research addresses

knowledge and experience gaps identified for emerging manufacturing and testing technologies and supports
the development and adoption of such technologies in the biological product sector.

23¢



Other HHS and Interagency Initiatives tolncrease Diversity of Supply

In addition to actions taken above, HHS ASPR, in partnership with DOD, has recently established on
demand manufacturing capabilities for APIs and FDF drugs. These platforms have the potential to
revolutionize the productiof domestic pharmaceutical manufacturing through the use of novel synthetic
chemistry processes that modernize flow chemistrylitigitdextraction, and phase separation to produce
any required APIs and continue to demonstrate scale production @ @seditines in shortage, beyond

those used for COVIEL9 patients. These investments in capability will immediately yield extremely cost
competitive production of critical pharmaceuticals in support of the Strategic National Stockpile, as well as
allow br expansion to produce additional essential pharmaceuticals in support of national health care
priorities.

In response to immediate needs related to the CO¥{andemic, ASPR is also establishing capabilities for
production of saline and other supperttare fluids on demand in a modular, highly portable manufacturing
platform. ASPR has also initiated the JUMPSTART initiative with DOD, establishibgsed, &igh

speed supply chain to produce 45 millioHiled injectors (similar to a syringe) month, using well
established BloWill-Seal aseptic manufacturing technology. This manufacturing technology is currently
undergoing 510(Kk) review (for substantial equivalence) and comparability/stability testing witl® COVID
vaccine products for FDauthorization. HHS and the U.S. International Development Finance Corporation
are scaling this initiative in order to increase production capacities to 250 million devices per month, starting
in early 2022, and ramping through 2023. HHS has alselestahk Foundry for American

Biotechnology to produce technological solutions that help the United States protect against and rapidly
respond to health security threats, enhance daily medical care, and add to the U.S. bioeconomy.

Furthermore, ASPR, through recent Defense Production Act (DPA) authorities given to it by Congress, is
establishing a Plan of Action with FEMA and DOJ for the Manufacture, Allocation, and Distribution of
Drug Products and Drug Substances to Respond toDz08/and Future Health Security Threats. This

Plan will be implemented under the Voluntary Agreement to Define €dO\Dg Products and Drug
Substances requirements. It will maximize the manufacture and efficient distribution of selected types of
drugproducts and drug substances and will create a prioritization protocelufmrermhsed upon their
demonstrated or projected requirements including geographic and regional circumstances.

RECOMMENDATIONS

As this report details, the pharmaceutical sapgiy is complex, global, and vulnerable to disruptions. The
United States must undertake a comprehensive, multifactorial approach to induce sustained enhancements
that drive resilience throughout the many interconnected elements of the supplyishdlhredire the

active participation of private sector players, including purchasers, intermediaries, and manufacturers, as well
as the public sector. Solutions to address the reliability of the pharmaceutical and API supply chain should
address theoflowing two priority objectives:

91 Improve supply chain transparency and incentivizeesilience Policies should seek to provide
increasettansparency to distributors and purchasers of the sources of drug manufacturing and the
quality of the facilitiesahmake themGreater transparency will incentivize distributors and purchasers
to shift to more resilient sources of supply. Policies should also estatbietismt® reward supply
chain resilience and reductions in the sevedtyg&hortages.

T Increase the economic sustainability of U.S. and allied drug manufacturing and distribution
U.S. and allied drug manufacturing, especially for generics and common drugs, is often undercut by low
cost competition, particularly from India and China. Wibkilenited States does not need to make
every drug itself, it does need increased domestic production capacity for key drugs. Policy tools to
increase the economic sustainability of U.S and allied drug manufacturing include providing predictability
in praduction costgricing and volume sold; increasing government and private sector flexibility in
contractingand sourcing of finished drugs and raw materials; and studying whether the current market
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for finished drugs supports a diversification of supply instead of relying on one or two suppliers through
preferred contractual arrangements.

As the United Statpsomotes a more sustainable and resilient supply chain for APIs and finished drugs,
policy tools should be guided by three overarching principles:

1 Rigorous assessment of benefits and cosWhile theUnited Stateseeds a more resilient drug supply
chaintheUnited Statesiust also remain focused on controlling healthcare Sastainable solutions
to drug shortages and other supply chain vulnerabiliséde economically feasible and not have
unintended consequences across the health care $ysmrmay be initial upfront investments, the
gains for which will not be realized for a number of years. While upfront costs may be easy to quantify, it
is important to also quantify the projected-teny benefits that such investments are likelyevaje.
Benefits could includeprovedreatment outcomesghen fewer drugs go into shortage, redstediihg
needdgor monitoring andespondingo drugshortageseducedostsfor purchasinglternative
treatments, additional jobs, favorable envirotaiienpacts, and the geopolitical advantages of reducing
dependency on strategic competitors.

T Distributio n of benefits and costs across affected stakeholder groudSustainable solutions to drug
shortages and supply chain vulnerabilities should gyecstateeholders ot overly favor or penalize
any one group. Several categorismkéholders should be considered, includingrdnugfacturers,
large and small; supphain intermediaries such as GPOs, pharmacy benefit managers, and wholesalers;
patients and healtare providers such as hospitals and pharmacies; payers (both public and private); and
workers at all levels of the supply chain. While individual policies may impact groups differently, overall
policy solutions should be balancetidir impacts on different stakeholders.

T Support marketbased mechanisms that serve public health for drug production and
distribution. An enduring solution shoutdhoid generating other adverse impacts that could undermine
its success once implementédese might include discouraging drug manufacturers from remaining in
the marketplace, leading to shortages and adverse impacts on patients, contributing to stockpiling among
drug purchasers, or disclosing commercial confidential information and &tsle secr

With those objectives in mind, we offer three sets of recommendations to promote domestic growth, equity,
and resilience throughout the pharmaceutical supply chain:

1 Boost local production and foster international cooperation;
1 Build emergency capacapnd
T Promote international cooperation and partner with allies.

The first element of the strategy focuses on developing robust collaborative bodies to help increase domestic
pharmaceutical production with large and small firms where apporiadéing international cooperation

among allied nations to increase regulatory consistency and security throughout allied nations, and developing
a safe and secure supply chain that does not predominantly rely on production in nations in which there may
be more geopolitical riskhe second element of the strategy focuses on building emergency capacity

through the development of a strategic stockpile that can be deployed in emergency situations to relieve
immediate stress on the pharmaceutical supply dlna third element of the strategy focuses on

international cooperation and partnering with allies. The U.S. Government should work through already
established international regulatory collaboration and harmonization organizations, and, as meeded, othe
bilateral and multilateral fora and engagements to strengthen drug and API supply chain cooperation.

Many of these proposals will require dedicated funding, which will need to be determined as further details
are established and will require future walkrelevant U.S. Departments and Agencies, the Office of
Management and Budget, and Congress, as well as the private sector andjoteenmemtal

stakeholders.
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Boost Local Production and Fostering International Cooperation

The first pillar of ourteategy is to boost U.S. production while fostering greater international cooperation,
which both boosts U.S. supply chain resilience and the resilience of the supply chains of U.S. partners and
allies. Boosting U.S. production will require a blended taigeted investments and financial incentives,
research and development (R&D) to create new manufacturing technologies, greater supply chain
transparency, and better data collection.

1. Investment and Financial Incentives to Boost Production

Leverage DieA and Current PuBhivate Partnerships (PPPs) to Establish a Consortium for Advanced Manufacturi
and Onshoring of Domestic Essential Medicines Production

There are thousands of pharmaceutical products available in the U.S. market, and mositdo not go
shortage, even during a pandemic. However, for those drugs that do go into shortage, the impact on

individual health and the financial i mpacts for h
Medicines List, developed pursuant to. E3944, can be used as a starting point to prioritize efforts to
i mprove resilience in the supply chain by serving

supply chain vulnerabilities.

In order to seed investments to promote greargdoduction and to develop new technologies that will
reduce costs and increase the resilience of U.S. and allied production, the Administration will establish a new
diverse consortium of stakeholders to help advise private sector companies laokirapodstic

capacity. This consortium, to be established using Title 7 of the DPA, will be comprised of federal agencies
with regulatory or other equities, headed by HHS and its operating divisions, and will include the
Environmental Protection AgenGgmmerce (including the National Institute of Standards and

Technology), DOD, Department of Labor (DOL), Federal Trade Commission, U.S. International
Development Finance Corporation, U.S. EXIM Bank, Department of Homeland Security, DOJ, and Small
Businesgdministration, as well as private sector stakeholders either looking to build domestic production
capacity or with the specialized experience to help facilitate it. The consortium will be tasked with helping to
address the following challenges:

1 Addressingegulatory questions presented by novel technologies and using the consortium to coordinate
input from all necessary Government agencies.

1 Identifying financial incentives or investment (both public and private) that can help drive private sector
willingness to develop domestic production capacity, including evaluating the merits of a successor
financing program to the DPA Loan Program.

Providing sectebased training for American workérs.

1 Developing a plan of action to incorporate more small and rreidnfirms in R&D to increase
domestic technological capacity and capability.

9 Limiting environmental impacts of manufacturing on communities located near facilities.

1 Identifying and mitigating risk from climate change.

=

Taking into account public inputethew working group will prioritize those medications that are essential to
have on hand in sufficient quantities to treat the U.S. population during a public health or other emergency.
Working with the private sector, the working group will map thg shppis of key essential medications.

Initial steps may focus on those medications for which the current supply chain does not have adequate
redundancy or diversification, such as-cwecentration in areas for which geopolitical or climate change
riskscould place supplies at risk. For those at most risk and that have no domestic manufacturing capacity,

“®The DOLOSs E mprhiring Auenimistratimm(ETA) could support sectmmsed pathways to jobs in the
phar maceutical sector to recruit and t-+thaejobrraining.fHiser s f or
can be achieved through continued support of the puaikforce development system, funding and awarding H
1B Skills Training Grants, and expansion of Registered Apprenticeship programs.
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targeted investments will be made to help to establish domestic manufacturing, with additional incentives for
companies to use advanced manufactuidoctjqes.

Near Term Next Steps:

1 HHS and the White House will host a Hagrel summit on drug supply chain resilience to kick off this
new initiative.

1 TheAdministration will assemble a consortium of public health experts (including emergency medicine
ard critical care) in the government,-poofit, and private sector to review the Essential Medicines list
and recommend SID0 drugs that are most critical to have available at all times for U.S. patients because
of their clinical need and lack of theréipgadundancy (Critical Drug List), and determine a potential
volume that could be needed, using the surges during dO\Ehdemic as one metric for that
analysis.

T HHS will conduct an analysis of the Essential Medicines that went into shortagstipegaetpa
determine major drivers, including mapping their supply chains to characterize their redundancy,
diversity, and manufacturing quality.

1 HHS will leverage the DPA process to determine the financial incentives needed to onshore or nearshore
the pioduction capacity needed for the global supply chain.

Medium Term Next Steps:

T HHS will use the 708 process to assemble a group of pharmaceutical supply chain experts to develop a
resilience framework, based on the above analysis, that details the characteristics of a high quality, diverse,
and redundant supply chain for pharmaedytioducts.

T HHS will map the supply chains for the Critical Drug List to the resilience framework for a robust supply
chain and identify those for which onshoring/nearshoring may be advisable.

1 HHS will determine if there is a need to increase prodocsarckpile API for the Critical Drug List,
and if so, identify the amounts needed in such a stockpile, the benefit and risk of a virtual stockpile, and
the ability to utilizplatform technologies to provide surge production in crises.

1 Additionally, HHSwill explore stockpiling strategies to reduce API supply risk, including an analysis of
KSMs.

1 The U.S. Government will review reimbursement models for key essential medicines to determine
whether changes to reimbursement models could improve the eatfili@ycessential medicines
without unduly impacting U.S. costs.

Use Incentives to Create Redundancy for Sterile Injectable Production

Logistical and transportation issues already create inherent incentives for the domestic production of sterile
injectaktes which are critical to the care and treatment of American patients. However, sterile injectables are
often at risk of shortage because of their low profit margins and the expensive specialized equipment,
materials, and facilities necessary for tleglugtion. To increase the resilience of the sterile injectable

supply chain, three actions should be pursued to reduce risk:

1 Financial incentives to spur invEistmémted States will continue using the Biomedical Advanced
Research and DevelopmaAathority and other incentimased tools to invest in specialized equipment
and updates to mature quality manufacturing processes, including advanced manufacturing techniques,
for these products. This will help reduce the barrier to entry for new imaenstac reduce the cost to
existing manufacturers looking to upgrade their facilities.

T Update reimbursement mod&seer costs drugs, profit margins from federal payers may play a role in
ensuring that sterile injectables are at least bisingfin short supply. Accordingly, to reduce the
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likelihood that these products will go into shortage due to low margins, the U.S. Government will review
reimbursement models to determine updates that may improve supply chain resilience.

1 Procurement@uaedNVhile incentives for establishing production and competitive reimbursement
models are needed, manufacturers have indicated they also require consistent demand to justify
investments for new production. Procurement guarantees, combined agméeaequisition
flexibilities, can be used to signal commitment to and demand for products from domestic and small
firms. These will need to be established in a careful and nuanced manner to ensure that they serve the
needs of agencies, including DO #e Department of Veterans Affairs (VA), and to ensure
consistency with U.S. procurement laws and obligations.

Near Term Next Steps:

1 HHS will convene a working group to analyze how reimbursement policies contribute to the lack of
resilience for stegiinjectables identified in the previous proposal as well as chemotherapeutics that have
been in shortage in the past 5 years.

1 HHS will evaluate whether certain sterile injectables that are identified as being at significant risk of
shortage but are noa of the Critical Drug List medicines identified above, e.g. sterile pediatric
oncology drugs, should also be the subject of enhanced supply chain resilience work in addition to drugs
on the Critical Drug List.

2. Investin Research and Development

The seond element of spurring domestic and resilient production and cooperating with partners is
promoting R&D that develops innovative manufacturing processes and production technologies that will
strengthen supply chain resilience. Significant commersiatiombas driven the development of novel
platform technologies for the COI® response, such as the development of new technologies that

expand pharmaceutical productiordemand. Many of these are indit@se development or ready for
commercializeon. Expedited interagency action to combine product demonstration and regulatory review
can accelerate the delivery of new testing and platform technologies that reduce demand on legacy supply
chains and more rapidly deliver public health servicéetdgoia need. New production technologies can

be used by both the United States and our allies and partners to promote collective supply chain resilience.

Establish Novel Platform Production Technologies as Mainstream

HHS, in partnership with DOD, has recently establishddrmand manufacturing capabilities for

supportive care fluids, API, and FDF drugs in modular, highly portable platforms. These platforms are
revolutionizing the production of domestic pharmaceut#alfacturing through the use of novel synthetic
chemistry processes that modernize flow chemistrylitigigidextraction, and phase separation to produce
any required API, and continue to demonstrate scale production of essential medicines skaysadl tho

for COVID-19 patients. These investments in capability will immediately yield cost competitive production
of critical pharmaceuticals in support of the Strategic National Stockpile, as well as allow for expansion to
produce additional essentisdiphaceuticals in support of national healthcare priorities. HHS and DOD are
currently demonstrating that medicines produced in this fashion can be purchasectlfatiomeost of

what is listed on the current VA federal supply schedule. In adslitemti@mned above, the JUMPSTART
initiative with ASPR and DOD is scaling upfilled syringes for vaccines and other uses.

There are also additional opportunities to support development and commercialization of novel platform
technologies through tradital development programs (Small Business Innovation Research/Small Business
Technology Transfer/Accelerators) sponsored by DOD and HiHldition to this, DOD and HHS have
received broad authorities under Title Ill of the DPA to commercialize thesdagies. As such, funding
opportunities towards commercialization are available through the DPA Title Il Office and HHS.
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HHS and the FDA will also continue to work collaboratively towards the realization of these capacities.
Significant investmenisll be required to streamline regulatory reviews, in addition to the capital
expenditures required for the initial commescale production of these platforms.

Near Term Next Steps:

I Using funding from the American Rescue Plan, in June 2021, then®wpzfrCommeresponsored
National Institute for Innovation in Manufacturing Biopharmaceuticals (NIIMBL), which will launch a
wholeof-industry effort to develop fully integrated and smaller footprint platforms that will reduce
supply chain demands fowrmaterials, increase domestic biomanufacturing surge capacity, and more
broadly improve technological capabilities that can lead to the biomanufacturing of APIs.

1 HHS will create an internal task force with experts from FDA and ASPR to increase capacity fo
supporting development, evaluation, and, if possible, implementation of novel manufacturing
technologies and processes. The task force will visit existing facilities and form partnerships with
domestic manufacturers or universities to study advanaddcnaing technologies. It will develop a
strategy for the Secretary on how to facilitate a wider adoption of hovel methods for commercial
production of pharmaceuticals and biologics.

3. Create Quality Transparency

The third element of spurring domestid @silient production and working in cooperation with partners

and allies is toreate robust and mature quality management to ensure consistent and reliable drug
manufacturing and quality performance. In its current form, the pharmaceutical madespiate
recognize or reward investment in mature quality
are responsible for at least 63 percent of the drugs that went into shortage between 2013 and 2017.

Create a Rating System to Incemg\WrnDfacturers to Invest in Achieving Quality Management Maturity

HHS and FDA propose to create a program with a rating system aimed at recognizing and rewarding
manufacturers for mature quality systems that achieve sustainable compliance anohfirususn c

improvement, business continuity plans, and early detection of supply chain issues. The proposed rating
system wi | | evaluate the robustness of a manufact
inform purchasers and GPOs aboetdhate of, and commitment to, quality management at the facility

making the drugs they are buying. Pharmaceutical companies could, at their discretion, disclose the rating of
the facilities where their drugs are manufactured. GPOs and purchasekesatbeilid bequire disclosure

of the rating in their contracts with manufacturers. This effort would introduce transparency into the market
and may provide teqated manufacturers and small U.S. firms with a competitive advantage, potentially
enabling therto obtain sustainable prices as well as grow market share. While there may be the perception
that this could create a ttwered quality system, all approved FBgulated products are required to meet

the same quality, safety, and efficacy standaggdslith management maturity rating system will also be

useful to international regulatory partners who can rely on it, where applicable and consistent with their
domestic regulations, to foster their supply chain security and resilience as well.

FDAshoul | ead the development of a framework to meas
guality management maturity with engagement from industry, academia, and other stakeholders. The
development and adoption of this rating would:

T Communicate #hvalue of quality management maturity so it can be adopted by manufacturers and
priced into contracts by purchasers;

1 Promote the adoption of better tools to measure manufacturing performance to allow earlier detection of
potential problems that could l¢aghortage; and

7 Drug Shortages: Root Causes and Potential Solutions, U.S. Food and Drug Administration, 2019, Updated 2020.
Available d: https://www.fda.gov/media/131130/downloaktcessed on 4/2/2021.
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T Incentivize improvements to manufacturing infrastructure that enhance reliability of manufacturing and
thus supply.

Next steps:

1 Establishing a quality rating system for drug and API production igearioimgtiative that will have to
be developed in collaboration with business partners and with stakeholders.

1 As a next step, the FDA could begin consultations with stakeholders to develop a framework for rating
quality management maturity.

T Over time, the FDA will consider whether to distala new PPP with industry to develop and support
utilization of such a rating system. PPPs have proven effective for other Federal programs, such as the
Pharmacy Quality Alliant®e PPP thadlevelops quality measures for use of pharmaceuticalsf some o
which have been adopted under Medicare CMS.

4. Improve Information and Data Collection

A robust surveillance system that leverages information and data is a critical component of resilience in the
supply chain. However, the analysis in this repademtisied key information gaps that present a major

chall enge to FDAG6s ability to perform adequate mo
material from API intermediate to distribution of the finished product would greatly iherabsigytto

identify and mitigate potential supply disruptions before they occur, as well as inform timely action for any
shortages that do occur. In the short term, the U.S. Government should encourage stakeholders to make
greater use of commercialadsurces to identify supply chain risks while establishing a robust surveillance
system over the long term.

Leverage Commercial Data to Improve Supply Chain Resilience

Commercial data providers have begun to collect information on the drug and ABhaungply-DA and

HHS should encourage stakeholders throughout the supply chain to increase their use of commercial data to
identify and mitigate supply chain risks while the U.S. Government stands up a more comprehensive initiative
to collect data and tmprove surveillance and oversight of drug and API supply chains.

Seek Additional Authority Through Which FDA Can Collect Additional Data and Take Action to Improve Surveill
Oversight, and Resilience of the Supply Chain

Over the longer term, the U.S. Government should establish a new initiative to collect additional supply chain
data to improve surveillance, oversight, and supplyesiiémce

The following are several critical sources of new data necessary tewipporveillance work:

Drug manufacturing volume information and reporting;

Complete registration and listing requirements;

Distribution data on prescription drugs and certain biological products;

Requiring manufacturers to notify FDA of an increassmant; and

Requiring that the labeling of API and finished product labeling include original manufacturers.

= =4 -4 —4 9

Empowering the FDA to collect this information will in many cases require statutory changes as well as close
consultation with industry and othekkeholders. But this information will enable the FDA to conduct a

more comprehensive risk assessment of the U.S. pharmaceutical supply chain to support legislative and
executive branch efforts to ensure its adequacy and resilience. For example) BEdgirctiuldentify

how many products are both vulnerable to shortage and primarily manufactured overseas. In addition, FDA
could identify manufacturers with large market shares whose supply chains, whether domestic or foreign,

80 Pharmaceutical Quality Alliancéitps://pga.memberclicks.net/estory. Accessed on 5/23/21.
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appear to be vulnerable &ese, for example, a manufacturer might rely primarily on a small number of
manufacturing sites or might have high historical volatility in quantity shipped to wholesaler distributors.

FDA could share key information under confidentiality agreemerfedieftti agencies that rely on these

supply chains to allow them to create plans to mitigate that risk, including, where appropriate and if funding is
available, through additional supply contracts. FDA could also expedite reviews and inspections of new
applications or manufacturing sites for these products to bolster their supply chains.

API and finished product labeling that identifies original manufacturers is particularly important. Lack of
supply chain transparency on the origins of APIs and fipisttkeatts can cause serious vulnerabilities due

to fraudulent products in the supply chain. Because supply chain stakeholders are not always able to identify
the original manufacturer, they may not be able to address manufacturing, quality, seetyicgrmesas

that could lead to patient safety issues. Repackaged or relabeled APls sometimes do not include information
that adequately identifies the original manufacturer, which can create challenges in tracking affected
medications if problems areritiftied with the API. Similarly, many labels for finished products only provide

the distributords information, rat her t han the or

FDA should be given legislative authority to require this information be included on labels. €To mitigat
unintended consequences, this should be considered in tandem with creation of a rating system for quality
management system maturity.

Next Steps

1 HHS will convene industry and other jgmvernmental stakeholders to share insight on commercial
data soums and to encourage stakeholders across the supply chain to increase their use of commercial
data to improve supply chain resilience.

1 HHS will develop and make recommendations to Congress seeking statutory authorization to increase
FDA and HHS ability toollect information and to require that APl and finish drug labels identify
original manufacturers.

Build Emergency Capacity

Even as we bolster domestic production, there will always be unforeseen events that will stress even the most
resilient supply cimes. In addition, onshoring and creating new supply chains with allies will be an

investment that will take a number of years. The second pillar of our supply chain resilience strategy is to
build emergency capacity to ensure that we do not havelstodrtfitical drugs during times of crisis.

5. Explore the Creation/Expansion of a Virtual Strategic Stockpile of APl Reserve and Other
Critical Materials Managed by the Strategic National Stockpile, Including Finished Doses

The United States should create a virtual stockpile of APIs and other critical materials necessary to produce
the identified Essential Medicines, with prioritization of the Critical Drug List and reliance to the extent
possible on domestic suppliers, gafhesmall and small disadvantaged businesses. A virtual stockpile would
involve contracts with APl and drug suppliers to hold surplus together with support for surge manufacturing
capacity, rather than keeping APIs and drugs physically stockpiedrak lacation.

A virtual stockpile approach will help mitigate concern over waste. Drug products are more fragile than other
commonly stockpiled materials, such as metal, and their relatively short time before expiry could lead to large
guantities of idcarded materials, which could stress the supply chain. Consequently, the virtual stockpile
should include a mechanism to cycle materials back into the market based on the stability of the product and
how long it can be safely stored. Additionallynuasebe taken with respect to the procurement of

products and materials so as not to induce a shortage or price spike.

The government stockpiling strategy should consider including surge manufacturing capacity to limit the need
to stockpile FDFs. Theastdby capacity, such as an additional complete processing line or single piece of
equipment for a ratemiting unit operation, could be requested to become operational as a shortage emerges
regardless of cause. Again, as with material stockpilimgypsguction lines and equipment would need to
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be routinely operated and maintained according to a cycle that assures readiness on short notice. This
approach might be prioritized for medications that are difficult to stockpile for long periods ohtase, suc
sterile injectables. The consortium proposed in the first recommendation should consider how to best
implement such excess capacity in eeffestive manner.

As plans are implemented for the creation of a new virtual stockpile or an expamsexistihthstockpile,

advance planning and communication needs to be in place to avoid creating or exacerbating a shortage, not
only by increasing demand for the API or drug by the amount needed for the stockpile, but also by causing
others to feel a neéal create their own stockpile, thus further increasing demand stressors on the supply
chain.

Next Steps:

T HHS will determine specific APl and finished drugs that need to be stockpiled, and identify the amounts
needed in such a stockpile, the benefitiskdfra virtual stockpile, and the ability to utizdemand
manufacturing to provide surge production in crises.

0 As part of this analysis, HHS will explore stockpiling strategies to reduce API supply risk,
including an analysis of KSMs.

Promote International Cooperation and Partner with Allies

Domestic production is only one aspect of driving resilience in the pharmaceutical supply chain, since it is not
feasible, desirable, or realistic to expect every drug needed for American patientsitedhemprdmerican

soil. As such, and with the growing dominance of competitor nations, the United States must work with its
likeeminded regulatory partners to develop a secure and resilient supply chain that is not overly reliant on
materials or manufadiug from countries that lack a shared interest in mutually beneficial supply chain
arrangements. That is why the third and final pillar of our strategy is to increase international cooperation
and partner with allies to strengthen supply chain resilience

6. Ensure International Harmonization for Reviewing and Responding to Supply Chain Risk with
Partnering Nations

The U.S. Government should work through already established international regulatory collaboration and
harmonization organizations, includingnioa limited to the International Coalition of Medicines Regulatory
Authorities, the International Council for Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use, and the Pharmaceutical Inspection Cooperation Scheme to strepgttatiocavith allies

and partners. The U.S. Government should also leverage other bilateral and multilateral fora and
engagements to strengthen drug and API supply chain cooperation.

Specifically, the U.S. Government should use the criteria estabtishéicst recommendation regarding

the optimum geographic diversity and redundancy in a supply chain in collaborations with our major
regulatory partners, who are already aligned on the need for more robust and stable supply chains and are
beginning theiown evaluations regarding the need for domestic manufacturing together with supply chains
that are integrated with allies. Cooperation with allies should focus on understanding the risks to the global
supply chain and collectively developing soluhahssduce identified risks. Additionally, as allies and

partners look to onshore some production, the United States and partners should develop complementary
strategies that create an appropriate amount of redundant production without unnecestanyatuptisa

allied nations. This should also include the convergence of regulatory standards to allow for changes that
promote manufacturing quality to be done expeditiously across all parties.

An example of a targeted action that the United Statekeavith allies and partners is the development of

a centralized API supplier database. Manufacturers face difficulties in changing their APl source (e.g., when
they need to increase production or respond to a disruption from their API supplier)h RE#olists

API suppliers and recently inspected API manufacturing facilities, there is no complete, centralized source of
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information on API suppliers, so firms often incur time and expense seeking such suppliers. Such a
centralized database would enaaleufacturers to easily identify alternative sources of APIs and more
dynamically shift between suppliers in the event one experiences a disruption, decreasing the risk of a
shortage.

Next Steps:

9 For the Critical Drug List identified in the first recondagan, engage with international partners to
map a global supply chain where redundancy and diversity includes sufficient onshoring, production in
geographically accessible locations, and production by allies.



ABBREVIATIONS

ANDA - Abbreviated New Drugpplication

API - Active pharmaceutical ingredient

ASPR- Assistant Secretary for Preparedness and Response
CARES Act Coronavirus Aid, Relief, and Economic Security Act
CATT - CBER Advanced Technologies Team

CBER- Center for Biologics Research and Etialoi
CDER- Center for Drug Evaluation and Research
CGMP- Current Good Manufacturing Practice

CM - Continuous manufacturing

CMS- Centers for Medicare & Medicaid Services

DOD - Department of Defense

DOJ- Department of Justice

DOL - Department of Labor

DPA - Defense Production Act

EC - European Commission

E.O.- Executive Order

ETA - Employment and Training Administration

ETP - Emerging Technologies Program

FDA - Food and Drug Administration

FD&C Act- Federal Food, Drug, and Cosmetic Act
FDF - Finished dsage form

FEMA - Federal Emergency Management Agency
GPO - Group purchasing organization

HHS - U.S. Department of Health and Human Services
KSM - Key starting material

MRNA - Messenger RNA

NIIMB L - National Institute for Innovation in Manufacturing Bioptszeuticals
PPP- publicprivate partnership

R&D - Research and development

SCCT- Supply Chain Control Tower

SCRM- Supply Chain Risk Management

VA - Department of Veterans Affairs
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