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INTRODUCTORYNOTE

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 “ America's Supply Chains.” The enclosed reports assess supply chain
vulnerabilities across four key products that you directed your Administration to review within 100 days:
semiconductor manufacturing and advanced packaging; large capacity batteries, like those for electric vehicles ;

critical minerals and materials; and pharmaceuticals and advanced pharmaceutical ingredients ( ).

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 research by experts 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 Department of Energy on large
capacity batteries; the Department of Defense on critical materials and minerals; and the Department of

Health and Human Services, particularly the Food and Drug Administration , on pharmaceuticals and APIs.
This work has complemented other work your Administration has undertaken to strengthen U.S. supply

chains, including the work to dramatically expand the supply of COVID-19 vaccines and other products
essential to American's health .

Departments and Agencies across your Administration have already begun to implement the reports

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

will reduce supply chain vulnerabilities, and to work with America's allies and partners to strengthen collective
supply chain resilience. Both the public and private sector play critical roles in strengthening supply chains ,

and your Administration will continue to work with industry labor, and others to make America's supply
chains stronger.

We have already launched the second phase of the supply chain initiative you directed in E.O. , which
reviews six critical industrial base sectors that underpin America's economic and national security: the defense

industrial base, public health and biological 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 will report back to you on those sectors by
February 24, 2022, the one-year mark of your signing E.O. 14017.
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The 100-day reportsmakeclear: moresecure and resilientsupply chains are essentialto our nationalsecurity,
our economicsecurity, and our technologicalleadership. The work of strengtheningAmerica'scriticalsupply

chainswill requiresustainedfocus and investment. Buildingmanufacturingcapacity, increasingjob quality
andworkerreadiness, inventingand commercializingnewproducts, and strengtheningrelationswith
America'sallies and partnerswill not be done overnight. We are committedto carryingthis work forward
across your Administrationto ensurethat America'scriticalsupply chains are resilientand secure for the years
tocome.

JAKE SULLIVAN , Assistant to the President for

National Security Affairs

BRIAN DEESE, Assistant to the President for

Economic Policy and Director of the National
Economic Council
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EXECUTIVESUMMARY

FORE.O. 14017 REPORTSDUEJUNE 4 , 2021

Introduction:

The COVID - 19 pandemicand resultingeconomicdislocationrevealedlong-standingvulnerabilities in our
supply chains. The pandemic'sdrastic impactson demandpatterns for a range ofmedical products including
essentialmedicines wreakedhavocon the U.S. healthcaresystem. As the world shifted to work and learn
from home, it created a global semiconductor chip shortage impactingautomotive, industrial, and
communicationsproducts, amongothers. InFebruary, extreme weather events — exacerbatedby climate
change — further exacerbated these shortages. In recent months the strong U.S. economic rebound and
shifting demandpatterns have strained supply chains inother key products, such as lumber, and increased
strain U.S. transportation and shippingnetworks.

On February 24, 2021, President BidensignedExecutive Order (E.O.) 14017, “ America's Supply Chains, in
which he directed the U.S. government to undertakea comprehensivereview of criticalU.S. supply chains to
identify risks, address vulnerabilities and develop a strategy to promoteresilience. When the President signed
the order, he invoked an old proverb: “ For want of a , the shoe was lost. For want ofa shoe, the horse
was lost.” And on, and on, until kingdom was lost. Small failures at even one point in supply chains can
impactAmerica's security, jobs, families, and communities.

To undertake this comprehensivereview, the BidenAdministration established an internal task force
spanningmore than a Federal Departmentsand Agencies. Administrationofficials consultedwith
hundredsof stakeholders from labor, business, academic institutions, Congress, and U.S. allies and partners
to identify vulnerabilities and develop solutions. FederalDepartmentsand Agencies received hundreds of
written submissions inresponse to requests for public input into the supply chain initiative. Dozens of
experts across the interagencyhave been conductingdetailed studies of U.S. supply chains for critical
products and developingpolicies that will strengthenresilience.

What follows summarizes findings of initial set reviews of the supply chains critical

products : semiconductor manufacturing and advanced packaging; large capacity batteries; critical minerals and
materials and pharmaceuticals and active pharmaceutical ingredients ( )

Why Resilient Supply Chains Matter

More secure and resilient supply chains essential for our national security, our economic security, and our
technological leadership .

National security experts , including the Department of Defense, have consistently argued that the nation's
underlying commercial industrial foundations are central to our security. Reports from both Republican and
Democratic administrations have raised concerns about the defense industry's reliance on limited domestic
suppliers ; global supply chain vulnerable to disruption ; and competitor country suppliers. Innovations
essential to military preparedness — like highly specialized lithium - ion batteries require an ecosystem of
innovation , skills, and production facilities that the United States currently lacks. The disappearance of
domestic production of essential antibiotics impairs our ability to counter threats ranging from pandemics to
bio -terrorism , as emphasized by the FDA’s analysis of supply chains for active pharmaceutical ingredients.

Department of Defense, “ Assessing and Strengthening the Manufacturing and Defense Industrial Base and Supply
Chain Resiliency,” 2018 (https://media.defense.gov/2018/Oct/05/2002048904/-1/-1/1/ASSESSING-AND
STRENGTHENING-THE -MANUFACTURING - AND -DEFENSE-INDUSTRIAL -BASE -AND -SUPPLY -CHAIN
RESILIENCY.PDF).
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Our economic security — steady employment and smooth operations of critical industries — also requires
secure and resilient supply chains. For more than a decade, the DepartmentofDefense has consistently
found that essential civilian industries would bear the preponderance harm from a disruption ofstrategic
and critical materials supply. The Department of Energy notes that today, China refines 60 percent of the
world's lithium and 80 percent of the world's cobalt, two core inputs to high -capacity batteries — which
presents a critical vulnerability to the future of the U.S. domestic auto industry.

Finally, our domestic innovation capacity is contingent on a robust and diversified industrial base . When
manufacturingheads offshore, innovation follows. The Department of Commerce notes that large-scale
public investment in semiconductor fabrication has allowed Korean and Taiwanese firms to outpace U.S.
based firms. As the Department of Commerce warns, “ ultimately, volume drives both innovationand
operational learning; in the absence of the commercial volume, the UnitedStates will not be able to keep up
[ ...] with the technology, in terms of quality , cost, or workforce.”

A NewApproach

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 efficiency and low costs over security ,
sustainability and resilience, has resulted in the supply chain risks identified in this report. That approach has
also undermined the prosperity and health ofAmerican workers and the ability to manage natural resources
domestically and globally. As the Administration sets out on a course to revitalize our manufacturingbase
and secure global supply chains, rebuilding for resilience at the national level requires a renewed focus on
broad-based growth and sustainability.

America's approach to resilient supply chains must build on our nation's greatest strengths — our unrivaled
innovation ecosystem,our people, our vast ethnic, racial, and regional diversity, our small and medium -sized
businesses, and our strong relationships with allies and partners who share our values.

As multiple reports note, the United States maintains an unparalleled innovation ecosystem with world-class
universities, research centers, start-ups and incubators, attracting top talent from around the world. The
Administration must double -down 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 resilience. Resilient production requires quick problem
solving, driven by the knowledge, leadership, and full engagement ofpeople on the factory floor. Decades of
focusing on labor as a cost to be controlled- -not an asset to be invested in have depressed real wages and
driven down union -density for workers, while also contributing to companies challenges finding and keeping
skilled talent. We must focus on creating pathways for all Americans to access well paid jobs with the free
and fair choice to organize and bargain collectively.

We must ensure that economic opportunities are available inall parts of the country and for women, people
of color, and others who are too often left behind. Inequality in income, race, and geography is keeping
millions ofpotential 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 low-income,women, African American, Latino, or from disadvantaged regions . The
Administration's approach must provide access and pathways for these lost Einsteins” —workers,
researchers, and businesses-owners in the growing industries of the 21st century .

A robust and resilient supply chain must include a diverse and healthy ecosystem of suppliers. Therefore, we
must rebuild our small and medium- sized business manufacturingbase, which has borne the brunt of the
hollowingout of U.S. manufacturing. We also need to diversify our international suppliers and reduce

2 Alex Bell, RajChetty, Xavier Jaravel, Neviana Petkova, and John Van Reenan, “ Who Becomes an Inventorin
America? The ImportanceofExposureto Innovation,” November2018,Harvard University, (http://www.equality
of-opportunity.org/assets/documents/inventors_summary.pdf).
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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 global markets — especially the
fear that companies and capital will to wherever wages, taxes and regulations are lowest — as inevitable .
In the face of those same pressures , other countries successfully invested in policies that distributed the gains
from globalization more broadly , including to workers and small businesses . We must press for a host of
measures —tax , labor protections , environmental standards, and more — that help shape globalization to
ensure it works for Americans as workers and as families, not merely as consumers . The Administration's

approach to resilience must focus on building trade and investment partnerships with nations who share our
values — valuing human dignity, worker rights, environmental protection , and democracy .

Finally, a new set of risks confronts U.S. policy makers and business leaders . Technological change and the
power of cyber - attacks to derail the critical industries — from energy to agriculture require new public
private approaches to resilience . And, we must confront the climate crisis. Meeting U.S. decarbonization
aims will 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 chains and inputs originate.

A sector-by sector approach

TheBiden- HarrisAdministrationhasalready begunto take steps to addresssupplychain vulnerabilities. The
Administration'sCOVID - 19 ResponseTeam has dramaticallyexpandedthe manufactureofvaccinesand

otheressentialsupplies, enablingmore than 137 millionAmericansto be fully vaccinated. The
Administrationhas also workedwithcompaniesthat manufactureanduse computerchips to identify

improvementsin supplychain managementpracticesthat can strengthenthe semiconductorsupply chain
over time. Just this year, the Departmentof Defenseannouncedaninvestmentin the expansionof the
largest rareearthelementminingandprocessingcompanyoutsideof China. TheBiden-Harris
Administrationis alsoworkingto address criticalcyber vulnerabilitiesof U.S.supply chains and critical
infrastructure, includingissuingE.O.14028on“ Improvingthe Nation'sCyber Security” just last month.

Therecommendationswe are releasingtoday buildon this work andprovidea path forwardfor greater
investmentand growth.

Not all recommendations will be relevant to all sectors , and a sector by sector approach will continue to be

necessary . Methods of guarding against single -source risk in the critical minerals supply chain , for example, is
limited in part by where natural resources exist . Tools including ally and friend -shoring, and stockpiling,

along with investments in sustainable domestic production and processing will all be necessary to strengthen

resilience . Sectors where we seek to advance our technological competitiveness — like high - capacity
batteries — will require an ecosystem -building approach that includes supporting domestic demand , investing
in domestic production , recycling and R & D , and targeting support of the U.S. automotive workforce .

The remainderof this executivesummary covers the E.O. 14017 process, key vulnerabilitiesacross the four
initialcritical supplychains; recommendationsfor securingthese vulnerablesupplychains; andimmediate

actions the administrationshouldtake to address transitorysupplychainchallenges.

II. CriticalSupplyChainsIdentifiedin E.0.

E.O. 14017 directed the government to focus initially on four key sets of products during the first 100 days

following its signing. These initial priority products are:

Semiconductormanufacturingand advancedpackaging: Semiconductorsare an essential
componentof electronicdevices. The packaging, which maycontainone or more
semiconductors, providesan alternativeavenue for innovationindensityand size of products.

Semiconductorshave becomeubiquitousin today's world. They enable telecommunicationsand

gridinfrastructure, runcriticalbusinessand governmentsystems, and are prevalentacross a vast
array ofproductsfrom fridges to fighter jets. A newcar, for example, mayrequiremore than
100 semiconductorsfor touch screens, engine controls, driverassistancecameras, andother
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systems.3 The U.S. share of global semiconductor production has dropped from 37 percent in
1990 to 12 percent today , and is projected to decline further without a comprehensive U.S.

strategy to support the industry.4

Large capacity batteries : As the United States transitions away from fossil fuels for power
generation and electrifies our automotive and trucking fleets, large capacity batteries 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) in
2020 to 2,492 gigawatt hours by 2025.5 Absent 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 capacity . Maintaining America's innovative and manufacturing edge in the
automotive sector and other key industrial sectors will require the United States to undertake a

concerted effort to shore-up sustainable critical material supply and processing capacity, expand
domestic battery production, and support EV and storage adoption.

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 products we use every
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 the next two
decades, particularly as the world moves to eliminate net carbon emissions 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 goals, with graphite projected to grow nearly 2500 percent.

China was estimated to control 55 percent of global rare earths mining capacity in 2020 and 85
percent of rare earths refining. 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 America's labor, environmental, equity and other values.

Pharmaceuticals and active pharmaceutical ingredients ( APIs): The COVID -19 pandemic

highlighted the critical importance of a resilient U.S. public health industrial base . We continue to
address resilience challenges in the broader pandemic supply chain through actions prescribed in
EO 14001, including a pandemic supply chain resilience strategy to be completed inJuly that will

outline objectives and actions for long-term resilience. Thanks to the work by both government
and the private sector , in less than a year the United States dramatically increased its capacity for

vaccine production . But shortages of critical generic drugs and APIs have plagued the United
States for years . Multiple factors, including lack of incentives to manufacture less profitable
drugs and underinvestment in quality management, both at home and abroad , have resulted in

3

4

Jack Ewing and Don Clark , “ Lack of Tiny Parts Disrupts Auto Factories Worldwide,” January 13 , 2021, The New
York Times, ( https://www.nytimes.com/2021/01/13/business/auto-factories-semiconductor-chips.html ).
Antonio Varas, RajVaradarajan, JimmyGoodrich, and FalanYinug, “ GovernmentIncentivesand U.S.

CompetitivenessinSemiconductorManufacturing,” September, 2020, BostonConsultingGroup and Semiconductor
IndustryAssociation, (https://www.semiconductors.org/wp-content/uploads/2020/09/Government-Incentives-and
US-Competitiveness in -Semiconductor-Manufacturing-Sep -2020.pdf).

Lithium -IonBatteryMegafactoryAssessment,” BenchmarkMineralIntelligence, March2021,
(https://www.benchmarkminerals.com/megafactories/).
6 Alice Yu andMitziSumangil, “ Top ElectricVehicle MarketsDominateLithium-IonBattery CapacityGrowth,”
February16, 2021, (https://www.spglobal.com/marketintelligence/en/news-insights/blog/top-electricvehicle
markets-dominate-lithium -ion -battery-capacity-growth).
InternationalEnergyAgency, “ The Role ofCriticalMinerals inCleanEnergy Transitions,” May2021,

(https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc
667867207f74/ TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf).
8 CarlA. Williams, “ China ContinuesDominanceofRare EarthsMarkets to 2030, says Roskill,” February26,2021,
Mining.Com https://www.mining.com/china-continues-dominance-of-rare-earths-markets-to-2030-says-roskill.
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fragile supply chains vulnerable to disruption . Further, 87 percent of generic API facilities are
located overseas which has helped reduce costs by trillions of dollars in the past decade , but has
left the U.S. health care system vulnerable to shortages of essential medicines . While 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 chain.10 A new approach is needed to ensure that Americans have reliable access
to the life-saving medicines they need.

III. Driversof SupplyChainVulnerability:

Across the four critical products — and the diverse supply chains that underpin them — 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 . Across the reports , there are a set of inter-related 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 first decade of the century was particularly devastating for U.S.

manufacturing with the loss of one-third of manufacturing jobs between 2000 and 2010.11 Small
and medium enterprises (SMEs) were particularly hard hit. Some of this decline can be
attributed to competition from low wage nations — economists 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 Organization.12 But the United States has also seen productivity growth
stagnate internally and compared to economic peers, for example , trailing Germany on average
and in most industries.13 Today , in the Unites States, SMEs are often less productive than large

manufacturers . Counter to popular beliefs that “ the robots are coming,” many SME

manufacturers are underinvesting in new technology to increase their productivity.

Our loss ofmanufacturingcapabilities has led to a loss in innovationcapacity. 14 Manufacturing

capabilities underpininnovationin a rangeofproducts and once lost, are challengingto build

back. In recent decades, when productioncapacity headed overseas, the R & D and broader

industrialsupply chains often followed.

2. Misaligned Incentives and short-termism inprivate markets All four reports make clear

that current U.S. market structures fail to rewardfirms for investingin quality, sustainabilityor

10

11

and Drug Administration Testimony before the House Committee on Energy and Commerce, Subcommittee
on Health regarding “ Safeguarding Pharmaceutical Supply Chains in a Global Economy,” October 30, 2019,
(https://www.fda.gov/news-events/congressional-testimony/safeguarding-pharmaceutical-supply-chains-global
economy-10302019).

YangzongHuang, “ U.S.DependenceonPharmaceuticalProductsfrom China,” August 14, 2019 Councilon

ForeignRelationsBlog, (https://www.cfr.org/blog/us-dependence-pharmaceutical-products-china).
Organization for Economic Cooperation and Development (OECD) , “ U.S. Manufacturing Decline and the Rise of

New Production Innovation Paradigms,” 2016 (https://www.oecd.org/unitedstates/us-manufacturing-decline-and
the-rise - of-new -production -innovation
paradigms.htm # : text= The 20number % 20manufacturing % 20jobs just 2012.3 % 20million % 20in % 202016 )

DavidH. Autor, DavidDorn, and Gordon H. Hanson, “ The China syndrome: Local Labor Market Effects of
Import Competition in the United States. American EconomicReview 103, no . 6 , 2013
(https://pubs.aeaweb.org/doi/pdfplus/10.1257/aer. 103.6.2121) .
13 MartinNeilBaily, Barry Bosworth, and Siddhi Doshi, “Productivity Comparisons: Lessons from Japan the
United States , and Germany,” 2019 The Brookings Institution (https://www.brookings.edu/wp
content/uploads/ 2020/01/ES-1.30.20 -BailyBosworthDoshi.pdf).

Gary P. Pisano and Willy C. Shih, ProducingProsperity: Why America Needs a ManufacturingRenaissance
(Boston: Harvard Business Press, 2012) .
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15 Thomas A.Kochan,Eileen Appelbaum,Jody Hoffer Gittell,and Carrie R.Leana,“The HumanCapital
Dimensionsof Sustainable Investment:What InvestmentAnalystsNeed to Know,” February22,2013

(https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2222657).
16 Suzanne de Treville and LenosTrigeorgis,"It May Be Cheaper to Manufactureat Home."HarvardBusiness

Review,October 2010,(https://hbr.org/2010/10/it-may-be-cheaper-to-manufacture-at-home).JP MacDuffie,Daniel
Heller,and Takahiro Fujimoto,“BuildingSupply ChainContinuityCapabilities for a Post-PandemicWorld,”

WhartonSchool Working Paper,2021(https://mackinstitute.wharton.upenn.edu/2021/building-supply-chain-
continuity-capabilities-for-a-post-pandemic-world).
17 WilliamLazonick,Mustafa ErdemSakinç,and MattHopkins,“Why Stock Buybacksare Dangerousfor the
Economy,”HarvardBusinessReview,January 7, 2020 (https://hbr.org/2020/01/why-stock-buybacks-are-dangerous-

for-the-economy).

3. IndustrialPoliciesAdoptedby Allied,Partner,and CompetitorNations: As U.S.

investmentin the domesticindustrialbase hasdeclined,our allies,partnersandcompetitorshave
adoptedstrategicprogramsto advancetheir own domesticcompetitiveness.TheDepartmentof
Energy’sanalysisof the advancedbattery supplychain documentsthe EuropeanUnion’s(EU)

support for demandpolicies, investmentincentives,andregulatorytools—atboth the EUand
member-statelevel—tostimulatedomesticproductionof electricvehicles andlithium-ion
batteries. After a 2019 EUreportdesignatingthe batteryof “strategicinterest,”the EU

announceda $3.5billionR&Dfundto increasethe industry’scompetitiveness.TheDepartment
of Commerce’sanalysisof the global semiconductorsupplychain notesTaiwan—theglobal
leaderinproductionof the most advancedsemiconductorchips—providessubsidiesfor

fabricationfacilities including50 percent for landcosts, 45 percent for constructionandfacilities
and25 percent for semiconductor,inadditionto R&Dinvestmentsand other incentives.South

Korea’sandSingapore’ssemiconductorsubsidiesreducethe cost of facilityownershipby 25-30
percent.

4. Geographic concentration in globalsourcing: To ensure resilient supply chains, it is essential

that they be globalized. However, the search for low-cost production, combinedwith the

effective industrialpolicy of key nations, has led to geographic concentrations of key supply

chains in a few nations, increasingvulnerabilities for United States and global producers. Such

concentration leaves companies vulnerable to disruption, whether caused by a naturaldisaster, a

long-termproductivity. For example,about drugshortages over the past decade, the

Departmentof HealthandHumanServices writes in its report, “the coreof these failures is the

inabilityof the market to rewardquality.” A lower-wageand lower-skilledworkforcemay

increasea firm’s quarterly earnings,but researchsuggests that “high-road’strategies can improve

wages without harmingprofits.15 Otherkinds of investments—incapabilities for continuous

improvementor inreducing lead time—incuran upfront cost, but lead to improved

performanceinbothnormalandcrisis periods.16 Under-investmentin cyber security has left

companiesand criticalinfrastructurevulnerable to hacks andother cyberattacks.

A focus on maximizingshort-termcapital returnshas led to the privatesector’s underinvestment

inlong-termresilience. Forexample, firms in the S&P 500 Indexdistributed91percent of net

incometo shareholders ineither stock buybacks or dividendsbetween 2009 and 2018.17 This has

meant a declining share of corporateincome going intoR&D,new facilities or resilient

productionprocesses.

Across all four reports, China stands out for its aggressive use of measures—manyof which are

well outside globally accepted fair trading practices—tostimulate domestic production and

capture global market share incritical supply chains. Several strategies, includingpublic

investments in R&D, domestic demand incentives, and strategic international partnerships have

been used to support both resilience and competitiveness of key economic sectors.
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It will take a concerted effort over the short-, medium- and long-term to adequately address these and put
U.S. supply chains on stronger footing. The following recommendations provide an overarching framework
for doing so that will ensure the country’s national and economic security as well as technological leadership
going forward.

RECOMMENDATIONS

The four reports delivered to the President today contain numerous recommendations to strengthen the
individual product supply chains. There are also several cross-cutting themes and recommendations that,
collectively, will not only strengthen the four prioritized supply chains, but also will rebuild the U.S. 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,
and product quality; 3) leveraging the government’s role as a market actor; 4) strengthening international trade
rules, including trade enforcement mechanisms; 5) working with allies and partners to decrease vulnerabilities
in the global supply chains; and 6) partnering with industry to take immediate action to address existing
shortages.

1. Rebuild our production and innovation capabilities

Long-term competitiveness will require an ecosystem of production, innovation, skilled workers, and diverse
small and medium-sized suppliers. Those ecosystems, grounded in regions across the country, are the
infrastructure needed to spur private sector investment in manufacturing and innovation. But that
infrastructure will not be rebuilt or sustained without the support and leadership of the federal government.
Specific recommendations to rebuild our industrial base include:

Enact new federal legislation that will strengthen critical supply chains and rebuild our industrial base—including transformative
investments within the American Jobs Plan:

5. LimitedInternationalCoordination:Prior to the COVID-19pandemic,the U.S.government
under-investedininternationaldiplomaticefforts to developcollectiveapproachesto supply

chain security. Whileexpandeddomesticproductionof criticalgoods must be part of the
solutionto America’ssupplychain vulnerabilities,the UnitedStates cannot manufactureall

neededproductsat home. Moreover,the UnitedStates has a strongnationalinterest in U.S.
alliesand partnersimprovingthe resilienceof their criticalsupplychainsinfaceof challenges—
suchas the COVID-19pandemic,extremeweatherevents due to climatechange,and

geopoliticalcompetitionwithChina—thataffect boththe UnitedStates andour allies. Yet aside
froma handfulof pilot projectsand othercomparativelysmalldiplomaticandmultilateral
initiativesto securesupplychains, the UnitedStates has not systematicallyfocusedon building

internationalcooperativemechanismsto support supplychainresilience.

• Provide dedicated funding for semiconductor manufacturing and R&D: We recommend

that Congress support at least $50 billion in investments to advance domestic manufacturing of

leading edge semiconductors; expand capacity inmature node and memory production to

geopoliticalevent or indeed, a globalpandemic. Fromthe studies conductedpursuant to E.O.

14017, it is clear inthe Departmentof Commerce’sreport that the UnitedStates is dangerously

dependent on specificcountries for partsof the value chainof all of these products. The global

economydepends on Taiwanesefirms for 92 percent of leading-edgesemiconductorproduction.

China has over 75 percent of global cell fabricationcapacity for advancedbatteries,as noted in

the Departmentof Energy’s report.While the Departmentof HealthandHumanServices’ data

suggests India andChina competefor market shareof manyU.S. medicines,industry analysis

suggests India imports nearly 70 percent of its APIs fromChina.
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Increasepublic investmentsinR&Dand commercializationof key products:

• Provide consumer rebatesand tax incentives to spur consumer adoption of EVs: We

recommendCongress authorize new and expanded incentives to spur consumer adoption of

U.S.-madeelectric vehicles. Inaddition, we recommendCongress approve $5 billion to electrify

the federal fleet with U.S.-made EVs and $15 billion in infrastructure investment to build a

nationalcharging infrastructureto facilitate the nationwideadoptionof EVs.

• Providefinancingacrossthe full battery supply chain: Inlinewith the AmericanJobs Plan,

we recommendthat Congressestablishnew incentivesto support batterycelland pack
manufacturingin the UnitedStates, includinggrant programsthat canhelpentrepreneurswho
do not have the ability to access tax credits in the short run. Inthe immediateterm, the

Departmentof Energy’sLoanProgramsOfficeshould use the AdvancedTechnologyVehicles
ManufacturingLoanProgram,which has approximately$17 billioninloanauthority,to
expeditiouslyreview applicationsfrom critical materialandmineralrefiningandprocessing

facilitiesand to re-equip,expand, or establishfacilities for manufacturingadvancedtechnology
vehiclebatterycellsandpacks inthe UnitedStates.

• Establisha newSupply ChainResilienceProgram:We recommendthat Congressenact the

proposedSupply Chain ResilienceProgramat the Departmentof Commerce,to monitor,
analyze,andforecast supplychain vulnerabilitiesandpartnerwith industry, labor,andother
stakeholdersto strengthenresilience. We recommendCongressback this programwith$50

billion in fundingthat will give the federalgovernmentthe toolsnecessaryto make
transformativeinvestmentsin strengtheningU.S. supply chains across a range of critical

products.

• Deploythe DefenseProductionAct (DPA)to expand productioncapacity in critical

industries: We recommendestablishinga new interagencyDPA ActionGroupto recommend

ways to leveragethe authoritiesof the DPA to strengthensupply chainresilienceto the extent

permittedby law. The DPA has beena powerfultool to expandproductionof supplies needed

to combat the COVID-19pandemic,and has beenusedfor years to strengthenDepartmentof

Defensesupply chains. The DPA has the potentialto support investment inother critical

sectors andenable industryand government to collaboratemoreeffectively.

• Invest inthe development of next generationbatteries: We recommendthat the Energy
Departmentandother federalagencies continueto support technologiesthat will reducethe
criticalmineralrequirementsof next generationelectric vehicle andgridstorage technologies,

andthat improveU.S.competitivenessin this criticalsector.Among other priorities,the United
States shouldfocus on: (1) reducingor eliminatingcriticalor scarcematerialsneededfor EV or

stationarystorage, includingcobalt andnickel; (2) acceleratingbatterytechnologyadvances
includingnext generationlithiumionand lithiummetal batteriesand solidstate design, and(3)
developinginnovativemethodsandprocessesto profitablyrecover“spent” lithiumbatteries,

reclaimkey materials,andre-introducethosematerialsto the battery supplychain.

• Invest inthe development of new pharmaceutical manufacturing and processes: We

recommendthe Department of Healthand Human Services, the Department of Defense, and

other agencies increase their funding of advanced manufacturing technologies to advance

continuous manufacturing and the biomanufacturing of APIs. American Rescue Plan funds

support criticalmanufacturing,industrial,and defenseapplications;andpromoteR&D to ensure

the next generationof semiconductorsindevelopedand producedin the UnitedStates.
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could be targeted to increase production of key pharmaceuticals and ingredients, including using
bothtraditionalmanufacturing techniques and accelerating on-demandmanufacturing
capabilities for supportivecare fluids, API and finished dosage form drugs inmodular, highly
portableplatforms.

Use immediate administrative authorities to support an ecosystem of producers and innovators includingSMEs and skilled
workers:

• Work with industry and labor to create pathwaysto quality jobs, with a free and fair
choice to join a union,through sector-based community college partnerships,
apprenticeships and on-the-job training: The Department of Labor’s Employment and
Training Administration(ETA) shouldsupport sector-basedpathways to jobs, for example in
the semiconductor industry. We recommend that the Administrationuse ETA funds to work
with industry and labor, community colleges, and non-profit partners to support pathways to
advanced manufacturingemployment through RegisteredApprenticeshipprograms and by
supporting other labor-management training programs.

• Examine the ability of the U.S. Export-ImportBank (EXIM) to use existing authorities
to further support domestic manufacturing: We recommendthat EXIM develop a proposal
for Board consideration regardingwhether and how to implement a new DomesticFinancing
Programto support the establishment and/or expansionof U.S. manufacturing facilities and
infrastructureprojects in the UnitedStates that would support U.S. exports. The proposal would
support and facilitate U.S. exports while rebuilding U.S. manufacturingcapacity.

2. Support the development of markets that invest in workers, value sustainability,and drive quality

The resilience of nationalsupply chains is only as good as the resilienceof supply chains at the firm level.
Harnessing and unleashing the power and ingenuity of the private sector to improve resiliencewill lead to
stronger nationalsupply chain resilience. Standards and data are powerful tools that allow firms to
differentiate their products and services on more than just price and create market “pull” toward a “race to
the top”. These reports identify key areas where government could play a more active role insetting
standards and incentivizinghigh-road business practices. By establishing strong domestic standards or
advocating for the establishment of global standards, the UnitedStates can support the privatesector’s ability
to create and adopt resilient practices.

• Support small,mediumand disadvantagedbusinessesin criticalsupply chains:The Small

BusinessAdministration(SBA)shouldsupport the diversificationof critical suppliers througha
targetedeffort to bettercoordinateSBA’s rangeof investmentandtechnicalassistanceprograms
for smallbusinessesanddisadvantagedfirms in the four targetedindustriesand firmsseeking to

enter those industries. SBA lendingandinvestmentproductsprovidevitalcapitalto small
businesses,andthe SmallBusinessInvestmentCompanyprogramoffers long-termequity

investmentin critical competitivenesssectors.The SmallBusinessInnovationResearchand
SmallBusinessTechnologyTransfercompetitiveprograms,willsupport a diverseportfolioof
smallbusinessesto meet researchanddevelopmentneeds,and increasecommercialization.

• Create 21st century standards for the extractionand processingof criticalminerals:We

recommendthat the government,working withprivatesector and non-governmental

stakeholders,encouragethe developmentandadoptionof comprehensivesustainability

standards for essentialminerals,such as lithium,cobalt, nickel, copper, and other minerals. We

further recommendestablishingan interagency teamwith expertiseinminepermittingand

environmentallaw to identify gaps in statutesand regulationsthat may need to be updatedto

ensure new productionmeets strong environmentalstandards throughout the lifecycle of the

project; ensure meaningfulcommunityconsultationandconsultationwith tribalnations,
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• Improvetransparency throughout the pharmaceuticalssupply chain: HHS should develop
andmakerecommendationsto Congress onprovidingthe department with new authorities to
track productionby facility, track API sourcing, and require API and finisheddosage form
sources can be identifiedon labelingfor all pharmaceuticalssold in the UnitedStates. Currently,
there is littletransparencyinto the originsof API withingenericdrugs, whichrepresent,90
percent of all pharmaceuticalsconsumedinthe UnitedStates.

3. Leveragethe government’srole as a purchaserof and investor in criticalgoods

As a significant customerand investor,FederalGovernmenthas the capacity to shape the market for many
criticalproducts. The publicsector can deploy this power in times of crisis—suchas inthe recent public-
privatepartnershipsto facilitatedevelopmentanddelivery of a COVID-19vaccine—orinnormaltimes. The
Administrationshould leverage this role to strengthensupply chainresilienceandsupport nationalpriorities.

• IdentifypotentialU.S.productionand processinglocationsfor criticalminerals: We
recommendthat federalagencies, led by the Departmentof Interiorwith the support of the

WhiteHouseOfficeof Science andTechnologyPolicy,establisha workinggroupcomprisedof
agencies suchas the Departmentof Agriculture, the EnvironmentalProtectionAgency,and
others to identifypotentialsites where criticalmineralscouldbe sustainablyandresponsibly

producedand processedinthe UnitedStates whileadheringto the highest environmental,labor,
communityengagement,andsustainabilitystandards. We recommendthat federalagencieswork
with the private sector, states, tribalnations,andstakeholders—includingrepresentativesof

labor, impactedcommunities,andenvironmentaljustice leaders—toexpandsustainable,
responsiblecriticalmineralsproductionandprocessingin the UnitedStates.

• Use federalprocurementto strengthenU.S.supply chains: We recommendthat, in
connectionwiththe Administration’s“MadeinAmerica”process directedby E.O.14005,the

BidenAdministrationestablisha list of designatedcriticalproducts that it recommendsreceive
additionalpreferencesunderthe Buy AmericanAct andFARCouncilregulationsto ensurethat
the federalgovernmentprocuresU.S.-madecriticalproducts. PresidentBidenhas directedthe

Administrationto strengthenfederalBuy Americanrequirements,whichrequirethat U.S.
taxpayerdollars generally be spent on productsmade in the UnitedStates. Federalprocurement
has the potentialto supportU.S.productionof criticalproductsby creating a stablesource of

demandfor U.S.-madeproducts—therebyprovidingan incentivefor the privatesector to invest
inU.S. manufacturing.

• Strengthendomesticproductionrequirementsin federalgrantsfor scienceandclimate

R&D: In linewiththe President’scampaigncommitments,we recommendthat Biden-Harris
Administrationshouldupdatemanufacturingrequirementsinfederalgrants,cooperative

agreementsandR&Dcontractsto ensurethat taxpayer fundedR&Dleads to productsmade in
the UnitedStates.We recommendthat the Departmentof Energyimmediatelystrengthen
domesticmanufacturingrequirementsfor grants,cooperativeagreementsandR&Dcontracts,

includingthose relatedto lithiumbatteries, using the Determinationsof Exceptional
Circumstancesunderthe Bayh-DoleAct andother legalmeans. Inaddition,an interagency
workinggroup shouldbeestablishedto identifybest-practicesanddevelopand implement

further improvementsacross the government.

respecting the government-to-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.
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4. Strengthen international trade rules, including trade enforcement mechanisms

While the Administration welcomes fair 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 “pumping and dumping,” inwhich countries heavily subsidize an industry,

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 clean energy.19 The U.S. government
must implement a comprehensive strategy to push back on unfair foreign competition that erodes the

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

18 Susan Helper,RyanNoonan,Jessica R.Nicholson,and David Langon,“The Benefits and Costs of
Apprenticeship:A Business Perspective,” Departmentof Commerce with Case Western Reserve University,

November 2016 (https://files.eric.ed.gov/fulltext/ED572260.pdf).
19 Chris Martin,“China FloodedU.S.with Solar Panels Before Trump’s Tariffs,” Bloomberg,February 16,2018

(https://www.bloomberg.com/news/articles/2018-02-16/china-flooded-u-s-with-solar-panels-before-trump-s-tariffs).

• Reformand strengthenU.S.stockpiles: Fortoo long, the strategicstockpilesof the United

States havebeenneglected,andat times, its funds havebeenusedto offset other costs. The
rehabilitationof stockpilesof medicalgoods anddevices, especiallythoseto fight the ongoing

COVID-19pandemic, is alreadyunder way. However,similaractionneeds to be takento
recapitalizeand restore the NationalDefenseStockpileof criticalmineralsandmaterials. Inthe
privatesector, we recommendthat industriesthat havefaced shortagesof criticalgoods evaluate

mechanismsto strengthencorporatestockpilesof select critical products to ensuregreater
resilienceintimesof disruption.

• Ensurethat newautomotivebatteryproductionin theUnitedStates adheresto high

labor standards: Tax credits, lendingandgrantsofferedto businessesto producebatteries
domesticallyshould,to the extent permittedby law, ensurethe creationof qualityjobs with the
free and fair choice to organizeandbargaincollectivelyfor workers.Innew appropriations,we

recommendthat Congressincludeprevailingwage requirements,similarto those includedinthe
AmericanRecoveryandReinvestmentAct of 2009. We recommendthat Congressalso include
standardsthat cover construction,suchas: (1) mandatedhiringpercentagesfromregistered

apprenticeshipsandother laboror labor-managementtrainingprograms;(2) project labor,
communitylabor and localhirerequirements;and (3) employerneutralityagreements. We
recommendimplementingsimilarstandardsfor productionworkers.The resultinghigh

productivityallows these firms bothto pay high wages andbe profitable.18

• Establisha trade strike force: We recommendthe establishmentof a U.S. Trade

Representative-ledtrade strike force to identifyunfair foreigntrade practices that haveeroded

U.S. critical supply chains and to recommendtrade actions to addresssuch practices. We also

recommendthat supply chain resiliencebe incorporatedinto the U.S. trade policyapproach

towards China. We also recommendthat the trade strike force examinehow existing U.S. trade

agreements and future trade agreements andmeasures can help strengthen the UnitedStates and

collective supply chain resilience.

• Evaluatewhether to initiate a Section 232 investigationon imports of neodymium

magnets: Neodymium(NdFeB)permanent magnets play a key role inmotors and other

devices, and are important to both defense andcivilian industrialuses. Yet the U.S. is heavily

dependent on importsfor this criticalproduct. We recommendthat the Departmentof

Commerceevaluatewhether to initiatean investigationintoneodymiumpermanentmagnets

under Section 232 of the Trade ExpansionAct of 1962.
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5. Work with allies and partners to decrease vulnerabilities in the global supply chains

The United States cannot address its supply chain vulnerabilities alone. Even as we make investments to

expand domestic production capacity for some critical products, we must work with allies and partners 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 well. We must work with America’s allies and partners to strengthen our collective supply
chain resilience, while ensuring high standards for labor and environmental practices are upheld.

• Leverage the U.S.Development Finance Corporation (DFC) and other financing tools to

support supply chain resilience: We recommend that the DFC increase 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 offer a powerful avenue for working with allies and
partners to strengthen supply chains for key products. While the UnitedStates cannot
manufacture or mine all products, it can use financial tools to ensure that the manufacturing and

mining that takes place elsewhere 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 COVID-19
pandemic

The U.S. economic relief efforts, paired with the Administration’s successful vaccination campaign, have

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 pressures on supply chains as shifts
indemand and supply emerge, and as the global vaccination campaign continues.

While these short-term disruptions are to be expected, the Administration has the responsibility to monitor
these developments closely and identify actions that can be taken to minimize the impacts on workers,

consumers, and businesses.
Building off the lessons from the 100-day review, the Administration should:

• Expandmultilateraldiplomaticengagement,includinghostinga newPresidential

Forum:We recommendexpandingmultilateraldiplomaticengagement on supply chain

vulnerabilities,particularlythrough groupings of like-mindedallies such as the Quad andG7.

We also recommendthat the President convenea globalforumon supply chainresilience that

will convenekey government officials andprivate sector stakeholders fromacross key U.S. allies

andpartners to collectivelyassess vulnerabilitiesanddevelopcollectiveapproaches to supply

chain resilience.

• Establisha Supply ChainDisruptionsTask Force: We recommendthe Administration
establisha new Supply Chain DisruptionsTask Force that willprovidean all-of-government

responseto address near-termsupply chainchallengesto the economicrecovery. The Task
Forcewillbe ledby the Secretariesof Commerce,Transportation,andAgricultureandwill focus
onareas where a mismatchbetweensupply anddemandhas been notedover the past several

months: homebuildingandconstruction,semiconductors,transportation,and agricultureand
food. The Task Forcewill bringthe full capacity of the federalgovernmentto address near-term
supply/demandmismatches. It will convenestakeholdersto diagnoseproblemsandsurface

solutions—largeandsmall, publicor private—thatcouldhelpalleviate bottlenecksand supply
constraints.

• Create a data hub to monitor near term supply chain vulnerabilities: We recommend that

the Commerce Department lead a coordinated effort to bring together data from across the

federal government to improve the federal government’s ability to track supply and demand
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disruptionsandimproveinformationsharingbetweenfederalagenciesand the privatesectorto

moreeffectivelyidentifyneartermrisks andvulnerabilities.
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EXECUTIVESUMMARY

Semiconductorsare the materialbasis for integratedcircuits that are essentialto modernday lifeandare used
by the typicalconsumeron a daily, if not hourly,basis. The semiconductor-basedintegratedcircuit is the
“DNA”of technology andhas transformedessentiallyall segments of the economy,fromagricultureand
transportationto healthcare,telecommunications,and the Internet. The semiconductorindustryis a major
engine for U.S. economicgrowthand job creation. Semiconductorsare usedinvirtuallyevery technology
productandunderpinstate-of-the-artmilitarysystems. Semiconductorsare an integralpartof a consumer’s
everydaylife andcan be foundin householditems suchas light switches,garage door openers, and
refrigerators,as well as inmorecomplex products suchas mobile phones,computers,andautomobiles.

The U.S. semiconductorindustryaccounts for nearly half of globalsemiconductorrevenue,yet the shareof
semiconductormanufacturingcapacity on U.S. soil has fallenfrom 37 percent 20 years ago andstands at
about 12 percent of globalproduction. U.S. companies,includingmajor fablesssemiconductorcompanies,
dependon foreignsources for semiconductors,especiallyin Asia, creating a supplychain risk. Many of the
materials,tools, and equipment usedinthe manufactureof semiconductorsare available from limited
sources, semiconductormanufacturingis geographicallyconcentrated,and the productionof leading-edge
semiconductorsrequires multi-billiondollar investments.

The COVID-19pandemicdemonstratesthe importanceof semiconductorsto meeting the world’s most
urgent challengesincludingtheir use inenabling technologyfor finding treatments,caring for patients,
working andstudyingfromhome,andorderinggroceries andother essentialproducts. Shortages of certain
semiconductorsduring the pandemic also revealthe importanceof ensuring stable, resilient supplychains for
these vital products. The industryis currently undergoinga shortagedue to multiplefactors, including
unexpectedshifts inglobal demandfollowingthe COVID-19pandemic andevents that disruptedspecific
major semiconductormanufacturingcenters, suchas the early 2021storms inTexas that causeda shutdown
of severalsemiconductormanufacturingplants.

This report examines the semiconductorsupply chainthroughfive relatedessentialsegments: (1) design; (2)
fabrication; (3) assembly, test, andpackaging(ATP)andadvancedpackaging;(4) materials; and(5)
manufacturingequipment.

• 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 domestic research and 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.

• Fabrication:TheUnitedStateslackssufficientcapacityto producesemiconductors.TheUnitedStates

reliesprimarilyonTaiwanfor leadingedgelogicchips and reliesonTaiwan,SouthKorea,andChina to

meet demandfor maturenodechips.

• ATP and Advanced Packaging: For relatively low-tech back-end semiconductor 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. However, the United 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.

• Materials: The production of semiconductors requires 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.

• ManufacturingEquipment: The United States has a significant share of global productionof most

types of front-end semiconductor manufacturing equipment, with the notableexceptionof lithography
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This review identifies eight cross-cutting risks that encompass most of the identified threats to semiconductor

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 concentration and geopolitical factors; (5) electronics production network effects; (6)

human capital gaps; (7) IP theft; and (8) challenges incapturing the benefits of innovation and aligning
private and public interests.

The following policy recommendations are designed to address the current semiconductor shortage and the
risks identified in the report:

1. Promote investment, transparency, and collaboration, in partnership with industry, to address
the semiconductor shortage. While the private sector must take the lead inaddressing 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 producers and suppliers 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 management and security 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 (NDAA), which
authorized programs to: (1) incentivize manufacturing through federal financial assistance to construct,
expand, or modernize semiconductor-related facilities to support semiconductor fabrication, ATP, and

advanced packaging; and (2) advance R&D technology prototyping via a new National Semiconductor
Technology Center (NSTC).

3. Strengthen the Domestic Semiconductor Manufacturing Ecosystem through legislative action to
implement the ideas put forth in President Biden’s American Jobs Plan provide incentives to support key

upstream—including semiconductor manufacturing equipment, materials, and gases—and downstream
industries to offset high operational costs in the United States, continued support for investment in the
United States through programs like the Department of Commerce International Trade Administration’s

SelectUSA; and support for manufacturing through a new Department of Commerce National Institute
of Standards and Technology (NIST) Manufacturing USA Institute, as requested in the President’s 2022

Budget.

4. SupportManufacturers,ParticularlySmallandMedium-SizeBusinessesvia R&Dresourcesto

proveemergingtechnologiesandfinancingto movefromthe lab to marketandaddresscapitalneeds for

growth.

5. Build a Diverse and Accessible Talent Pipeline for Jobs in the Semiconductor Industry through

significant investments to grow and diversify the STEM talent pipeline, the Department of Labor’s

Employment and Training Administration sector-based pathways and training programs, public/private

investments to help fund workforce development, and changes in immigration policies to attract the

world’s best and brightest minds.

6. Engage with Allies and Partners on Semiconductor Supply Chain Resilience by encouraging

foreign foundries and 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 and non-market actors.

7. ProtectU.S.TechnologicalAdvantageinSemiconductorManufacturingand Advanced

Packagingbyensuringthatexportcontrolssupportpolicyactionsto addressnationalsecurityand

foreignpolicyconcernsrelatedto thesemiconductormanufacturingand advancedpackagingsupply

equipmentproduction,whichis concentratedintheNetherlandsandJapan. Withlimitedsemiconductor

manufacturingoccurringintheUnitedStates,these equipmentmanufacturersareheavilyrelianton sales

outsideof the UnitedStates.
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INTRODUCTION

Semiconductorsare the material basis for integrated circuits that are essential to modern day lifeand are used
by the typical consumeron a daily, if not hourly, basis. The semiconductor-basedintegrated circuit is the
“DNA” of technology and has transformedessentiallyall segments of the economy, from agriculture and
transportationto healthcare, telecommunications,and the Internet. The semiconductor industry is a major
engine for U.S. economicgrowthand job creation. Semiconductorsare usedinvirtually every technology
productandunderpinstate-of-the-artmilitarysystems. Semiconductorsare an integral part of a consumer’s
everyday life and can be found in householditems such as light switches, garage door openers, and
refrigerators,as well as inmorecomplex products such as mobile phones, computers, and automobiles.

Accordingto the most recent data from the Bureau of the Census, about 733 firms locatedin the United
States were involvedin semiconductordevice manufacturing(North American IndustryClassificationSystem
(NAICS) 334413)1in2017, and an additional140 firms manufacturedthe equipment usedto make
semiconductors (NAICS 333242).2 The majorityof these firms are small: only 69 semiconductor device
manufacturersand 22 semiconductormachinerymanufacturershave 500 employees or more.3 Measuredby
value added, these two semiconductorindustry sectors contributed$35 billion to the U.S. economy in 2019,
accountingfor approximately1.4 percent total U.S. manufacturingvalue added.4

The two semiconductor industry-related NAICS categories directly employed 207,400 workers in 2019,
accounting for 1.6 percent of total U.S. manufacturing employment. These are high-quality, well-paying jobs:

the semiconductor manufacturing workforce earned an average of $163,871 per person in 2019, more than
twice the average for all U.S. manufacturing workers ($69,928).5 Eighteen 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 semiconductor industry and therefore
understate its importance to the U.S. economy. Information on the broader industry further highlights its
importance to the U.S. economy. SIA estimates that the U.S. semiconductor industry had $208 billion in

annual sales in 2020, capturing nearly half of the world market. Despite the global COVID-19 pandemic,
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 compound annual growth rate of 4.7 percent.
Further, SIA estimates that each direct job in the semiconductor industry supports nearly five additional
jobs.6 Semiconductors are also a major export for the United States with $47 billion in export sales in 2020,

ranking fourth overall, after aircrafts, refined oil, and crude oil.7

Semiconductors power virtually every sector of the economy—including energy, healthcare, agriculture,

consumer electronics, manufacturing, defense, and transportation. Worldwide demand for semiconductors 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),

1 Note that NAICS334413also includes manufacturersof “relateddevices” such that are not the subject of this
review,such as laser and lightemitting diodes,fuel cells,and solar cells.
2 Coveredby NAICS334413 and 333242, respectively.
3 “2017 SUSBAnnualData Tables by EstablishmentIndustry”,(U.S.Census Bureau,March2020).
4 “2019 Annual Surveyof Manufactures(ASM),NAICS333242 and 334413” (U.S.Census Bureau,2019).
5 Bureauof LaborStatistics,QuarterlyCensus of Earningsand Wages,NAICS333242 and 334413.
6 “SemiconductorIndustryAssociationBriefingto the Bureau of Industryand Security”,(SemiconductorIndustry
Association,February 212021);"ChippingIn:The Positive Impactof the SemiconductorIndustry on the American

Workforce and How FederalIncentivesWill Increase Domestic Jobs”,(SemiconductorIndustry Association,May
2021).
7 Dataweb,“U.S.CensusTrade Statistics”,(U.S.InternationalTrade Commission,2020).

chain and that foreign investment reviews consider nationalsecurity considerations in the semiconductor

and advancedpackaging supply chain.
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automotive(10 percent), and consumer electronics (10 percent).8 Among these diverse applications, those

that directly support national security and critical infrastructureaccount for about nine percent of

semiconductordemand. These critical semiconductor end uses includedefense and aerospace,

telecommunicationsnetworks, energy and utilities, healthcare, and financial services.9 Defenseand other

government use is slightly over one percent of worldwide consumptionof semiconductors.10

Inaddition to the central role they play in the 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 nation’s critical infrastructure. They are fundamental to the operation of virtually every military system,

including communications and navigations systems and complex weapons systems such as those found in the
F-35 Joint Strike Fighter. They are key to the “must-win” technologies of the future, including artificial
intelligence and 5G, which will be essential to achieving the goal of a “dynamic, inclusive and innovative

national economy” identified as a critical American advantage in the March 2021 InterimNationalSecurity
Strategic Guidance.11 Inaddition, the development of advanced 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 technology 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 nation’s and the world’s most urgent challenges and crises. Shortages of certain
semiconductors during the pandemic also reveal the importance of ensuring stable, resilient supply chains for

these vital products.

A sudden supply chain shock could have a far-reaching and unforeseen impact inany of these 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 production of logic chips at foundries in
Taiwan could result in nearly $500 billion in lost revenues for electronic devices manufacturers that depend
on this supply.12

The semiconductorindustryis currentlyundergoingjust this typeof supplydisruption. Inmid- 2020, a
global chip shortagebeganto emerge whenautomakerswarnedthat relativelyinexpensivesemiconductors
usedinautomobileswerebecomingscarceand that this wouldpotentiallydisrupt vehicleproduction. The

initialdisruptionwas due to majordemandshocks fromthe COVID-19pandemic. In the secondquarter of
2020, at the height of the pandemic-relatedeconomicslowdown,autoparts supplierscancelledorders for

chips due to a six-week industryshutdownto mitigatethe spreadof the pandemicat vehicle andpart
manufacturingfacilities. Partssuppliersalsosought to limit inventoriesand costs in anticipationof a
predictedfall invehicle demandduring a post-pandemicrecession.13 At the same time, the rapidshift to a

work-from-homeeconomydriven by the pandemicdramaticallyincreaseddemandfor electronicdevices
includingvideo-gamesystems,computers,laptops, andotherelectronicsandfor the digitalinfrastructureand
storageto support the increasedon-lineactivity. Basedonbuyer demandandorders,semiconductor

suppliersshiftedproductionandfoundry ordersawayfromautomotive-gradechips wheredemandwas falling
to businessand consumerelectronicschips wheredemandwas spiking.

8 Varas et al. “StrengtheningThe GlobalSemiconductorSupplyChainInAn UncertainEra”,(BostonConsulting

Groupand SemiconductorIndustry Association,April2021).
9 “SupplyChainBriefingto the U.S.Departmentof Commerce”,(SemiconductorIndustryAssociation,March31

2021).
10 Falan Yinug,“The 2020 SIA Factbook:Your Source for SemiconductorIndustryData”,(SemiconductorIndustry

Association,April 23 2020).
11 “RenewingAmerica’s Advantages:InterimNationalSecurity Strategic Guidance”,(The White House,March

2021).
12 Varas et al. “StrengtheningThe GlobalSemiconductorSupplyChainInAn UncertainEra”
13 ”Why is there a shortage of semiconductors?”,(The Economist,February25 2021).
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Incontrast to early projections, vehicle demand recovered much more quickly than expected in the second
half of 2020. This sharp rebound impacted the auto industry in part due to its just-in-time supply chains and

limited visibility into upstream suppliers. When auto parts suppliers returned to place orders for chips to
meet the unanticipated surge in vehicle demand, semiconductor manufacturers had reportedly already utilized
spare capacity to produce chips for electronics devices.14 Because manufacturing a chip can take up to 26

weeks,15 and sometimes much longer when supply is tight, production volumes 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

qualified producers and they require extensive testing to meet rigorous quality and vehicle safety
requirements. These requirements are burdensome—both in time and cost—to the semiconductor
producers, particularly when compared to the less stringent requirements for the relatively higher-margin

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 microcontrollers used in cars. The

company, Renesas Electronics Corporation indicated it would take at least 100 days for production to
normalize at the plant.16 In addition, the worst drought in half a century is affecting Taiwan, further straining

semiconductor manufacturing, which requires vast quantities of water.17 Finally, storms in February 2021
caused loss of utilities to semiconductor manufacturer NXP’s two plants in Austin, Texas. It took nearly a
month for NXP to resume normal operations.18

For the auto sector, 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 maintainproductionlines as they wait for parts. This shortage will

cost the global automobile industry an estimated$110 billion in 2021and will lead to the production of nearly

four million fewer vehicles than automakers had planned.19

InApril 2021, reports began to indicate that the semiconductor shortage had expanded to other sectors. As
of April 30th, Goldman Sachs estimated that a total of 169 U.S. industries were being directly affected by the
shortage.20 Scarce supply also means rising costs for industry 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 until 2022.21

MAPPING THE SUPPLY CHAIN

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

14 Ziady,Hanna,"The globalchip shortage is going frombadto worse.Here'swhy you should care." (CNN,May4,

2021).
15 Falan Yinug,“ChipmakersAre RampingUpProductionto AddressSemiconductorShortage.Here’s Why that

TakesTime”,(SemiconductorIndustryAssociation,February26 2021).
16 “Globalauto recoveryto take more hits fromJapan chip plant fire,severe U.S.weather:HIS”,(Reuters,March31

2021).
17 StephanieYang,“The Chip Shortage Is Bad.Taiwan’sDroughtThreatensto Make ItWorse”,(The WallStreet

Journal,April162021).
18 NXP PressRelease (https://media.nxp.com/news-releases/news-release-details/nxp-resumes-operations-austin-

texas-facilities-following-weather)
19 DominickReuter,“The ongoing chip shortage is expected to cost the auto industry$110billionthis year,almost

double analysts'estimate fromJanuary”,(BusinessInsider,May14 2021).
20 Ziady,Hanna,"Theglobalchip shortageis going frombad to worse.Here's why you should care." (CNN,May 4,

2021).
21 Ziady,Hanna,"The globalchip shortage is going frombadto worse.Here's why you should care." (CNN,May4,

2021).
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by revenue. Increasingly, though , each step is carried out separately, with different companies specializing in

different steps of the process . In the fabless 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 semiconductor 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) ATP and advanced packaging; ( 4) materials; and (5)

manufacturing equipment.

The semiconductor supply chain — from design to packaging to eventual incorporation into end products
purchased by customers — is extremely complex and geographically dispersed. Due to the specialization of
companies inspecific steps, the typical semiconductor production process includes multiple countries, and

the products may cross international borders 70 times.22 The entire process takes up to 100 days, ofwhich 12
days are for transit between supply chain steps . The figure below is a stylized representation of the supply
chain 23
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The small size and weight of semiconductors is a factor that enables such a geographically and logistically
complex supply chain — the costs of transporting them 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 stage and the distance to be travelled , as

well as the nature of the product . In some cases , specialized handling is required , such as for hazardous and
high -purity gases and chemicals used in the fabrication process , or to protect sensitive electronics from
damage.24

SEMICONDUCTORDESIGN

SemiconductorDesign: Overview

The initial phase of semiconductor (chip) production — design — while historically carried out by IDMs (such

as U.S.-based Intel and Texas Instruments) which control the entire production process , is increasingly

carried out by more specialized “ fabless” semiconductor design companies, which rely on a separate company
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 design stage of the process . This

22Forchips goingthroughthe fullFabless, Foundry, andPackagingcycle; likelylowerfor IDMs.

23 NathanAssociates, “ BeyondBorders: The GlobalSemiconductorValue Chain” ( SemiconductorIndustry
Association, May2016) .
24 “ DHLSemiconductorLogistics”, ( DHL, 2021) .
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results insignificantly less industry concentration than in the fabrication and equipment stages, as well as a

dependence on Taiwan for fabrication.

Despitelowerbarriersto entry, fabless design companiesmustcoordinatecloselywith foundriesto ensure

the design fits the productionprocess, and they are reliantonprovidersofIP — often othersemiconductor
companieswhichhave developedkeypiecesoftechnology andelectronicdesignautomation(EDA)

softwarethat enables the designprocess. These upstreamanddownstreamstagesare highlyconcentrated,

withessentialIP and EDAprovidersheadquarteredprimarilyin the UnitedStates— thoughwithmajor
portionsoftheir workforcelocatedoutside the UnitedStates.

Industry Structure

The structure ofcompanies engaged in semiconductor design varies greatly depending on the types of

semiconductors inquestion. The three primary types of integrated circuit semiconductors covered by this
report logic, memory, and analog are reviewed here. 2020 , logic semiconductors were about 42

percent of the market ,25 memory about 26 percent,26 analog about 14 percent, with the remainder of the
market comprised ofnon-integrated circuit 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 revenues) In this category of

semiconductors, market concentration and the number of design companies is highly dependent on the
particular chip type. The markets for personal computer central processing units ( ), dedicated graphics

processing units (GPUs), and field programmable gate arrays (FPGAs) are all essentially duopolies, while
there is significantly more competition in the supplier base for application -specific integrated circuits (ASICs)

and for mobile device processors based on ARM Ltd.'s (Arm ) architecture. CPUs are the central processors
for computers , are the processors 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 .

The United States is a world leader in semiconductor design, with many companies taking advantage of the
lower capital expenditures enabled by outsourcing their manufacturingor locating their facilities outside of

the United States. Essentially all personal computer CPUs are designed by U.S.-based companies Intel and
AMD, though AMD relies on contract manufacturing.28 These same companies may soon dominate the

FPGA category, as AMD announced in October 2020 plans to acquire market leader Xilinx ina transaction
valued at $ 35 billion. Should the acquisition clear all regulatory hurdles, AMD - Xilinx and Intelwould

account for approximately 85 percent ofglobal FPGA sales . Other U.S.-based suppliers Microchip
Technology, Lattice Semiconductor, and Achronix Semiconductor constitute much of the remaining portion
of the FPGA market. AMD also provides a major share of the world's dedicated GPUs, along with market

leading U.S.- based NVIDIA .

25 Varas et al . “ Strengthening The Global Semiconductor Supply Chain InAn Uncertain Era”
26 Varas et al. “ Strengthening The Global Semiconductor Supply Chain InAn Uncertain Era”
27 Varas et al. “ Strengthening The Global Semiconductor Supply Chain InAn Uncertain Era ”

Additionally, Apple’sM seriesprocessors, launchedinlate 2020, moveAppleprocessorsfromIntel-based
architectureto ARM -based architecture. Theseprocessorsare designedby Appleand manufacturedby TSMC.
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There is significantly more competition in the ASICs supplier base with high demand for processors based on
the ARM architecture for mobile devices. Chipmakers such as Samsung compete in the market for ASICs
and mobile processors alongside fabless companies including U.S.-based Qualcomm and Broadcom as well as
U.S. technology companies such as Apple, Alphabet, Amazon, and dozens of others that design some of their
own chips. Apart from Inteland Microchip , most suppliers ofCPUs, GPUs, FPGAs, and ASICs are fabless,

relyingon foundries for chip manufacturing.

Memory chips, which, according to SIA , account for 26 percent of industry revenues, are used for storing
information needed for computing.29 The memory category is commoditized and dependent on production
volume and economies of scale, and memory is generally produced by IDMs. Korea-based Samsung and SK
hynix lead the dynamic random-access memory (DRAM segment along with U.S.-based Micronwhich holds
about 23 percent of share. However, the market share leaders are developing advanced packaging technology
( , chip stacking) and other IPfor leading edge products.30 These three companies accounted for 95
percent of the $70 billion global market in2020.31

Flash memory (NAND) production is not quite as concentrated with six companies accounting for an
estimated 99 percent of the $47 billion global market in2020. Samsung is again a market leader,with slightly
over one- third of the NAND market share, followed by Japan-based Kioxia ( formerly Toshiba) (20 percent
share) , U.S.-based Western Digital (14 percent share ) Korea-based hynix (12 percent share) , U.S.-based
Micron (11 percent share), and U.S.-based Intel (9 percent share).32 The NAND segment appears poised for
further consolidation, as Intel— with NAND revenue similar to that ofMicron announced in October 2020

that it plans to sell most of its NAND memory business to SK hynix. This sale would propel the combined
company into the second place inNAND market share. There are also reports suggesting Western Digital
and Micronmay be pursuing an acquisition of Kioxia.33 In addition, China -based Yangtze Memory
Technologies (YMTC), formed in2016, 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

29 Varas et al . “StrengtheningThe GlobalSemiconductorSupplyChainInAn UncertainEra”
30 See sectionon “ AdvancedPackaging”.
31 AvrilWu, “DRAMRevenuefor 4Q20 UndergoesModest1.1% IncreaseQoQinLightofContinuedRising
ShipmentandFallingPrices, SaysTrendForce” (TrendForce, March4 2021) .
32 NANDFlashMemoryMarket Growth, Trends COVID-19 Impact, andForecasts( 2021-2026)” , (Mordor
Intelligence, n.d.) .
33 “ SK hynix to Acquire IntelNANDMemoryBusiness” ( Intel, October 19 2020) ; Jacky Wong “ KioxiaIs a Must
Havefor BothWesternDigitalandMicron”, (The Wall StreetJournalApril 1 2021).
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many as 200,000 wafers per month by 2022 , over twice current NAND production capacity ,
representing a potential low-cost threat to U.S. -based memory companies.

Compared to memory chips , analog integrated circuit chips are less commoditized and are generally less
reliant on using cutting edge manufacturing nodes . Specialized experience 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 largest analog integrated
circuit suppliers accounted for 62 percent of the $ 56 billion market in 2020 , with only Texas Instruments

exceeding 10 percent market share.35 Many of the leading analog semiconductor companies operate as “ fab
lite” producers, manufacturing some of the chips they design but outsourcing a significant portion as well.

Discrete , optoelectronic and sensors , the non - integrated circuit semiconductors , comprised $79 billion in
sales in 2020 , nearly 18 percent of the total semiconductor market ($440 billion ) .36 Most of the
semiconductors in this category are mature node technology chips , often only worth pennies each This

market is highly fragmented , with numerous manufacturers . Non integrated circuit semiconductors include
ABB Ltd., (Sweden / Switzerland ), Infineon Technologies (Germany ), STM Microelectronics ( Italy / France),
Toshiba (Japan ), and U.S. companies Diodes Inc., Vishay Intertechnology , Qorvo , dPix , and Cree . Key
driving technologies and exceptions to mature node technology ) for non -integrated semiconductors are
innovations in power management and miniaturization , especially for discrete power semiconductors , with
autos , especially electronic vehicles as a key end-use.37 The U.S. -led R & D of gallium nitride (GaN ) silicon
carbide (SiC) and other compound semiconductor substrates is a key development for a variety of
applications, including those for national security in power management and distribution , high - frequency
power amplification , and optoelectronics (also exceptions to mature node technology ). Flat panel display
semiconductors are also in this category .

ProcessSteps

The semiconductor design itself contains several steps, often performediteratively to reach a final

design that best meets the end requirements. Basic process steps include specification, system level or
architecture design, logic design, physical design, and verification / validation. These stages are briefly
reviewedbelow.

Specification: This step lays out the set of requirements for the chip necessary to fulfill its end uses. This

involves translating user requirements to the performance, meaning that having a deep
understanding of the customer's needs provides an advantage to the designer. Proximity and access to
the customers can thus be meaningful to semiconductor design operation.

System level design: This step involves breaking out the basic semiconductor architecture. Inmany

cases , the design can be created using pre -defined inputs that have already been specified and validated,

either from past use within the company or licensed from another company . Known simply as IP or IP
cores , the re-use of past designs in modular form allows for faster development of new features and
decreased costs because the IPdoes not have to be re -developed for every new chip .

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.

Verification and validation: This step, which is carried iteratively and in parallel to other design steps,
involves testing the design. At this stage, the design is simulated via a test bench ,” which is a virtual

34AlanPatterson, “ China's YMTC is Poisedto Lead inNANDFlashTechnology”, EETAsia, November11 2020) .

35 Texas InstrumentsRemainsWorld's Top AnalogIC Supplier” ( EPSNews, March29 2020) .

36 The WorldwideSemiconductorMarketwas up 6.8 percent in 2020, andis expectedto showa doubledigit
growthof 10.9percentin2021, World SemiconductorTradeStatistics, March17 2021) .

37 GlobalDiscreteSemiconductorMarket- Growth, Trends, Covid- 19 Impact, AndForecasts( 2021 - 2026 )” ,
(MordorIntelligence, 2020) .
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Fornationalsecurity, the semiconductortechnologiesmust also be qualifiedfor use over the military
temperatureranges(extendedrange) andharsh environments,includingtechnologycharacterizationfor use
inradiationenvironmentswhen appropriate. Also, a more stringent and independentparts verificationand
validationis required. Semiconductorsfor automotiveapplicationsmust likewisemeet stringent durability
and testingrequirementsto withstandharsh environmentalconditions (e.g., extremecold, heat and
humidity). They must handleexposureto vibrations andshocks throughout the vehicle’s entireexpected
lifespanof 10 to 20 years and exhibit a much lower failure rate intesting than semiconductorsfor consumer
productapplicationsto ensurethey meet vehicle safety requirements. These requirementsare expectedto
increaseandbe morestringent as vehicles becomemoreautonomousand incorporatean increasingamount
of light detection andranging(LiDAR),sonar, radar, visionsystems, and navigationandrecognition
technologies.

SemiconductorDesign:Resilience

Resilience: IntellectualProperty

As noted above, the re-use of past designs—knownas IP, IP cores, or IP blocks—fromeither within the
designorganizationor licensedfromanothercompany—isa major factor enablingthe rapiddevelopmentof
new chips. Representingan estimated$5 billion market, these IP blocksrepresent designsfor anythingfrom
minor internalprocesses to input/outputinterfacessuchas UniversalSerial Bus (USB) and Ethernet
controllers,to fullmicroprocessorinstructionset architectures(ISAs).39 IP is typically licensed for an up-
front fee, but may also includesales-basedroyalties.

Recent years haveseen increasedmarket share inIP licensingfrom EDA providers as they expandto provide
morecompletedesignsolutionsand integrationof IP cores intodesignsoftware. Inthis context, the IP that
is licensedincludes patents, trademarks,industrialdesigns, copyrights,and trade secrets. Inaddition to
ongoing growth in leadingEDA providersU.S.-basedSynopsys andCadenceas well as U.S.-basedbut
German-ownedMentor Graphics,SamsungannouncedinMay2019 that it would license its semiconductor
designIP through EDA provider Silvaco,boostingthe U.S.-basedcompany’sintegrateddesignofferings.
This movehighlights the value to foundries inenabling chip designers to design for their processes;with
built-in foundry IP inthe design, the cost of changing manufacturersserves to lock-indesigncustomers.

The IP core sector historicallyhas been ledby companies headquarteredin the UnitedStates and United
Kingdom,withArmLtd. (U.K.) topping the list, alongwith EDA providersSynopsys andCadence.40 While
headquarteredin the UnitedStates andU.K., these companies have globalworkforces;over two-thirds of the
employeesof Synopsys,for example,were locatedoutside of the UnitedStates in2020.41 Armprovides the
IP that supports most of the world’s mobiledevice processors,with hundredsof licensees representingover

38 AaronAboagye,Mark Patel,and Nitin Vig. “Standingup to the semiconductorverificationchallenge”,
(McKinsey,Autumn2014).
39 Jim Turley,“IP MarketLarge,Growing,and Strange Apart fromOne Big Winner,Fortunesare Decidedly
Mixed”,(ElectronicEngineering,September25 2019).
40 An additionalarea is the ongoingdevelopmentof the RISC-V open standard ISA,which provides IPopensource
and license-free,is a relatively new phenomenonin the microprocessorIP licensingarea. Initiallydevelopedat the

Universityof California,Berkeley in 2010 with fundingfromIntel,Microsoftand others, the RISC-V IPis owned
and maintainedby the non-profitRISC-VFoundation,foundedin the UnitedStates in2015. In December2018,the

foundationannouncedintentionsto re-incorporateinSwitzerland,inpart to “alleviate uncertainty”surrounding
export restrictionsfromthe UnitedStates and the goalof “calmingconcerns of politicaldisruption to the open

collaborationmodel.” To date,RISC-V IPhas not made significantinroadson the microprocessor-enablingISA
space dominatedby Intel and Arm. As the RISC-V Foundationstates,it does not represent “a great new chip

technology,”but rather is attractive to many because it is a commonand openstandard. See: “Historyof RISC-V”,
(RISC-V,2021).
41 Synopsys Inc,“Form10-K”,(U.S.Securities and ExchangeCommission,October 312020).

modelof the chip andensures it operatesas expected. Verificationcangeneratemassiveamountsof test

data andtakesignificantamountsof time, accountingfor as muchas halfof the timeto design a chip.38
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150 billionchips sold.42 Arm, which does not produce semiconductors and is currently owned by Japan-

based Softbank, is in the process of being acquired by U.S.-basedfabless design firm NVIDIA,raising

concerns among competing semiconductor designers as well as investigations by several governments’

antitrust regulators over continuedaccess to essential IP.43 Inaddition, in April 2021, the U.K. government

initiateda national-securityreview of the proposed acquisition.44

Over the past several years, China has taken steps to increase its access to and controlof semiconductor IP.
In2017, Canyon Bridge CapitalPartners, a private equity fund with Chinese government ownership,
purchasedU.K.-basedImaginationTechnologies, estimatedto be the fifth largest provider of semiconductor
IP. In2018, Arm China was formed as a 51percent Chinese-ownedjoint venture with U.K.-basedArm
Holdings.45 Greater Chinese controlover semiconductor IP may present a risk to U.S. industry by limiting
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 representationhas become a
critical input to the semiconductor design process as chips containbillions of transistors. The market for
EDA tools historically represents about two percent of the overall semiconductor market, but has taken on
increasingimportanceas shrinking semiconductor technology nodes drive design costs higher.46 EDA
provider Synopsys, for instance, estimatedin2019 that the cost to design a 5 nanometer (nm) chip would be
twice that to design a 7 nmchip.47 According to IBS, the cost of designing a 7 nm chip is $297.8 million
while that for a 5 nmchip is $542.2 million.48

Since the mid-1990s, the EDA market has been dominated by three U.S.-based companies: Synopsys,
Cadence, and Mentor Graphics (purchased by Germany-based Siemens in 2017). This dominance stems at
least in part from a combination of the market leaders’ ability to purchase and incorporate smaller EDA

providers, the high costs to designers of switching EDA providers, and EDA companies’ relationships with
foundries, which often provide preferential access to process-specific design “kits” for new manufacturing
processes in order to enable the EDA vendor to develop process-specific 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 ubiquitous and the value to end users of specially-

designed chips has grown, EDA tools have enabled a broadening set of companies to enter the
semiconductor design space, such as users of semiconductors called “systems” companies, including Apple,
Alphabet (the parent company 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 importance of chip design to downstream technology “systems” companies is reflected in
industrial process giant Siemens’ purchase of Mentor Graphics in 2017. The increased use of

microelectronics throughout semiconductor end users’ systems and the resulting increase in system design
complexity provide avenues to expand the use of EDA to produce improved integration between
semiconductors and end use systems.

42 Dean Takahashi,“Simon Segars interview — Arm’s CEO on competitive threats,custominstructions,and a far-
off IPO”,(VentureBeat,October 14 2019).
43 DavidMcLaughlin,Ian King,and Dina Bass,“Google,Microsoft,QualcommProtest Nvidia’s Acquisitionof
ArmLtd”,(Bloomberg,February 122021).
44 StuWoo and Eric Sylvers,“Nvidia’s$40 BillionDealfor Arm FacesU.K.National-SecurityProbe”,(TheWall
Street Journal,April 192021).
45 “Establishmentof Joint Venture for China Businessat Subsidiary Arm”,(SoftBank Group,June 5 2018).
46 Wally Rhines,“Chapter 7 – CompetitiveDynamicsin the ElectronicDesign Automation Industry”,

(SemiWiki.com,August 23 2019).
47 “SynopsysInvestorDay”,(Synopsys,April 2 2019).
48 MarkLapedus,“BigTroubleat 3nm”,(SemiconductorEngineering,June 212018).
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Resilience: Workforce

The U.S. semiconductor supply chain is heavily dependent on a high-skilled workforce. The size of the

design-specific workforce is difficult to gauge, as design is carried out by IDMs such as Intel, by fabless
semiconductor companies such as NVIDIA (which reports 7,500 U.S.-based employees), and by companies
that are not strictly part of the semiconductor industry, such as Alphabet, Cisco, and 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 engineers.49 Further, the entire industry
is supported by R&Dcarried out at universities across the United States with thousands of researchers

contributing, and an estimated 250,000 students enrolled in semiconductor-related graduate programs.50

The ability of the UnitedStates to attract and retain talentedworkers to American universitiesand companies

underpinsthe long-termcompetitivenessof the U.S. semiconductorindustry. Since 1990, the number of

Americanstudents enrolledin semiconductor relatedgraduateprograms has remainedthe same while that for

internationalstudents has tripledover the same period. According to data from 2016-2017, about two-thirds

of graduatestudents inelectricalengineeringandcomputerscienceare internationalstudents.51

SemiconductorDesign: Risks

The key design-specificrisks are reviewedbrieflybelow. Becausesemiconductordesign affects every
subsequent step in the manufacturingprocess, the risks reviewedbelow are largelyapplicable to the
downstreamprocess steps as well.

• Need for High R&D Expenditures: U.S. design companies typically invest major portions of their
revenue inR&D; six of the seven leading companies inR&D intensity in 2019 were U.S.-based.52 As

design costs at the cutting edge continue to rise, the ability of design companies to continue to invest is
dependent on sales growth, which has grown increasingly dependent on sales outside the U.S. and in
China in particular.

• Skilled Workers: With international students making up an increasing majority of enrollment in U.S.

semiconductor-related graduate programs, limits to the ability of foreign-born workers to remain and
work in the United States and continued low levels of enrollment of U.S.-born workers present ongoing
and long-term risks. In addition, although U.S. universities are consistently graduating 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 development opportunities than hardware. Companies serving defense needs face additional

challenges in that they are unable to compete with the compensation packages common in commercial
industry.

• Access to Foundries: Semiconductor design companies are enabled by EDA and IP companies, 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 chain will continue to rise in importance. The increasing concentration of
foundries in East Asia (discussed in the “fabrication” segment below) and the resulting potential for

decreased access to and cooperation with manufacturers presents a risk to the continued ability of U.S.
semiconductor design companies to lead the world in innovation.

Insummary, the U.S. semiconductor 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. The needed IP cores

49 Synopsys Inc,“Form10-K”
50 Will Hunt and RemcoZwetsloot, “The Chipmakers:U.S.Strengths and Prioritiesfor the High-End

Semiconductor Workforce”,(Center for Security and Emerging Technology, September 2020).
51 WillHunt and Remco Zwetsloot,“The Chipmakers:U.S.Strengthsand Prioritiesfor the High-EndSemiconductor

Workforce”
52 Stephen Ezell,“Moore’sLaw Under Attack: The Impactof China’sPolicieson Global Semiconductor

Innovation”,(InformationTechnology & InnovationFoundation,February18 2021).

33



andEDA tools are available from U.S.-basedcompanies,but these sectors are highly concentrated. The
UnitedStates remains an attractiveplace for skilledengineers and other highlyskilledworkers, but the
semiconductordesignsector faces a shortageof skilledworkers and is increasingly dependent on foreign-
bornlabor as well as designteams basedoutsidethe UnitedStates. Restrictionson the ability of U.S.
companiesto recruit foreign-bornworkers or inuniversities to attract foreign-bornstudentscould have long-
term impactson the U.S. semiconductordesignsector, as would a failure to increasethe relevant educational
and training opportunities for U.S.-bornstudents. Furthermore,the U.S. fabless designsector is dependent
on contract foundries, which are primarilylocatedinEast Asia, to manufacturetheir products andon sales to
customersoutsideof the UnitedStates, particularly in China.

SEMICONDUCTORFABRICATION

SemiconductorFabrication:Overview

This section addresses the next step inthe supply chain inwhich semiconductordesigns are fabricatedinto
component part types, such as logic, memory,or analogdevices. During this process, semiconductor
fabrication facilities (fabs) or foundries (also calledpure-playfoundries),makedisc-shapedwafers (typically
cut froman ingot of silicon) into individualchips (eachthe size of a fingernail). This is a complexand highly
specializedcapability that requires exact precision—thereis no roomfor error in the processingsteps of
wafer fabrication. A semiconductormanufacturingplant involves thousandsof process machines, lasers,
ultra-precisionoptics, and advancedrobotics. The fabrication process is one of the most advancedinthe
world, involvingcutting-edgetechniques and equipment,operating at subatomic-levelprecision. This stage
of the semiconductorsupply chainaccounts for about 24 percent of the value addedto the chip.53

Industry Structure

There are two basic industry models for fabs. The first are fabs operatedby vertically integrated
semiconductorcompaniesor IDMs that performall of the steps inthe semiconductor manufacturing
process—fromdesign to final testing. IDMsaccount for about two-thirds of global semiconductor
productioncapacity.54 The majorityof IDMsproducememory chips such as DRAMs, as well as discrete
analog devices, although Intel, a leading U.S.-basedIDM, producesprimarily logic devices. Inadditionto
Intel, the UnitedStates has several leading IDMs, including Analog Devices, MaximIntegratedProducts,
Microchip Technology, Micron, ON Semiconductor,and Texas Instruments. It is important to note that,
while headquarteredin the United States, these companies undertakesemiconductor manufacturingin
facilities across the world. Intel, for example, operates fabs in Israel, Ireland, and China in additionto the
UnitedStates, while SouthKorean-basedSamsung and other foreign-headquarteredfirms producechips in
the UnitedStates in additionto their international facilities. SIA reports that 44 percent of U.S.-based
semiconductorcompanies’ productioncapacity is locatedinthe UnitedStates.55 Overall, U.S.-basedIDMs
accountedfor 51percent of global IDMrevenues in2020, and the United States is especially strong in logic
and analog chips.

Many U.S. leaders insemiconductors,such as AMD, Broadcom,NVIDIA,Qualcomm, and Xilinx, operate
with a “fabless” business model, inwhich companies provide their designs to a separate company that
specializes in contract manufacturingof semiconductors. These third-party foundries are categorized as
“pure-play semiconductor foundries” because they do not design or sell any chips of their own, but act as
contract manufacturers for fabless semiconductor firms (andsometimes provideadditional capacity or
otherwiseproduce certain chips for IDMs). Some IDMs,notably Samsung, also provide foundry services for
fabless companies.

The fabless/foundry business model has become increasinglyprevalent as the costs of buildingand
maintaining a state-of-the-art semiconductormanufacturing facility has skyrocketed. Continuedadvances in

53 Varas et al. “Strengthening The Global Semiconductor Supply Chain InAn Uncertain Era”
54 “Supply Chain Briefing to the U.S. Department of Commerce”
55 “2020 State of The U.S. Semiconductor Industry”, (Semiconductor Industry Association, 2020).
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chip-making technology require entirely new, increasingly costly fabrication equipment. The cost of a state-
of-the-art fab (at the 5 nm process node) is at least $12 billion.56 One 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 in a single fab. One 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

billion.57 Moreover, once a new fab is established, operational costs are significant, and ongoing expensive
capital investment is required to keep operating at state-of-the-art production nodes. Pure-play foundries
benefit from economies of scale, which allow them to absorb the enormous costs of maintaining a

semiconductor plant at the cutting edge of technology demanded by chip designers at efficient capacity
utilization rates. According to SIA, pure-play foundries account for about one third of global chip
production capacity, but nearly 80 percent of production capacity for logic chips.58 Taiwan Semiconductor

Manufacturing Company (TSMC) was the world’s first pure-play semiconductor foundry, founded in 1987,
and dominates the market today.

The contract foundry market is dominated by Taiwan-based companies, with TSMC alone accounting for 53

percent of the market share of the foundry market. In total, Taiwan-based companies account for 63 percent
of the market share. South Korea has 18 percent and China six percent. U.S.-headquartered, Abu Dhabi-

owned foundry GlobalFoundries has seven percent share, making up more than half of the remaining 13
percent share of the foundry market.59

While the U.S. share of IDMchip market is significant,it has only a 10 percent shareof globalfoundry
revenue; foundries in Asia account for an 80 percent share.60 Taiwanalone accountedfor 73 percent of
global foundrybusiness.61 This means that, as notedabove, while the U.S. is a leader insemiconductor
design, domestic fabless firms are heavily dependent on foreignfirms, mainlyin Asia, for manufacturing.
While this foundry business modelis suited to high volumecommercialapplications,manydefense-related
applicationsare low volume, makingaccess to advancedsemiconductormanufacturingtechnologies
challenging.

Process Steps

The diagram below is a simplifiedrepresentationof the complex semiconductorfabricationprocess. Starting
with a set of photomasksimprintedwith the chip design, and a preparedclean wafer, chip fabricationsteps
are performed. The steps include:

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

• etching (removing materials from the wafer);

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

• deposition (process for creating layers of insulating and conducting materials used to build a
semiconductor device); and

• 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 multiple times; 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 11-13 weeks being the industry average. After the front-end processes in which the

56 Willy Shih,“TSMC’sAnnouncementof A NewU.S.SemiconductorFab IsBig News”,(Forbes,May 15 2020).
57 MattHamblen,“TSMCstarts building 3nm plant in Taiwanworth $20B”,(Fierce Electronics,November 4 2019).
58 “SupplyChain Briefingto the U.S.Departmentof Commerce”
59 “Foundry Revenue Projectedto ReachHistoricalHigh of US$94.6Billionin 2021Thanks to High 5G/HPC/End-
Device Demand,Says TrendForce”,(TrendForce,April152021).
60 “2020State of The U.S.Semiconductor Industry”
61 “Semiconductors:U.S.Industry,GlobalCompetition,and FederalPolicy”,(CongressionalResearchService,

October 26 2020).
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design is transferredonto the wafer, the wafer is tested, polished, and diced intoindividualchips. The

numberofchips yieldedvaries; a 300 mmwafer mightproduce600 or moreindividualchips.
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Semiconductor fabrication facilities require a substantial acreage and utility infrastructure including access to

ultrapure gases , dry air and nitrogen , ultrapure water , exhaust systems , and high - quality reliable electrical
power . A large wafer fab can consume as much as 100 megawatts 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 energy -intensive purification process in which all organic and inorganic contaminants
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 . Power outages and voltage
irregularities can damage highly sensitive equipment, so reliability of the power supply is critical. Electricity

can account for up to 30 percent of a wafer fab’s operating costs . Savings through improved energy
efficiency can help cut costs while reducing environmental impacts and improving sustainability.63

SemiconductorFabrication: CurrentResilience

The vast majorityofsemiconductormanufacturing by IDMsandpure-play foundries takes placein (in
order): Taiwan, SouthKorea, Japan, China, and the UnitedStates. U.S.- installedsemiconductorproduction

62 SIA, https://www.semiconductors.org/wp-content/uploads/2021/04/SIA-BCG-Report_Strengthening-the-Global
Semiconductor-Supply -Chain_April-2021.pdf) (last accessedMay 26, 2021).
63 “InnovativePower Solutions for SemiconductorFabricationEfficiency” , (SchneiderElectric, 2018).
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capacity64 accounts for approximately 12 percent of the global total , down from 37 percent in 1990.65 In
2019 , Taiwan accounted for 20 percent of global installed capacity , followed closely by South Korea with 19

percent . Japan accounted for 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 the world.66

U.S.Semiconductor Manufacturing Capacity as a Percent ofGlobal Capacity

1990-2021and 2030 Forecast
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Source: SEMI, VLSI and BCG67

Of the 40 major semiconductor fabs located in the United States, half ( 20) produce using 300 mm ( inch)
wafers, which is the modern standard; the others produce using 200 mm (8 inch) wafers or below . Between
2009 and 2018 , more than one hundred 150-200 mm fabs closed worldwide with 70 percent of the closure
locations in the United States and Japan. According to IC Insights, of the fabs had been used for
decades and had outlived their useful purpose. In some cases, they were replaced by more cost efficient or
upgraded facilities. In other cases, the cost of fab ownership was too great, and the company moved to fab
lite or fabless business model.69

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, and China . Micron has fabs in Singapore, Japan , and Taiwan in

addition to its U.S. facilities , while Texas Instruments has production in China, Malaysia , Taiwan , and the

Philippines in addition to Texas . GlobalFoundries , the leading U.S. pure - play foundry , is owned 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 Foundry

64 Maximumoutputthat canbe produced, see: Varas et al. “StrengtheningThe GlobalSemiconductorSupplyChain
InAnUncertainEra”

65 Varas et al. “StrengtheningThe GlobalSemiconductorSupplyChainInAnUncertainEra ”

66 Varas et al. “ StrengtheningThe GlobalSemiconductorSupplyChainInAnUncertainEra”

67 Varas et al. “GovernmentIncentivesandU.S.Competitivenessin SemiconductorManufacturing” ( Boston
ConsultingGroupandSemiconductorIndustryAssociation, September2020) .

68 100 ICWaferFabsClosedor RepurposedSince2009” , (IC Insights, March26 2020) .
69 “ 100 ICWaferFabsClosedor RepurposedSince2009” (ICInsights, March26 2020) .
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Company # of Fabs Location Products

GlobalFoundries 1 EastFishkill, NY Foundry

Intel 2 Chandler , AZ IDM /Logic

Intel 4 Hillsboro, OR IDM / Logic

Intel 2 Albuquerque, 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 PilotFab

Texas Instruments 1 Richardson, TX IDM / Analog

Texas Instruments 1 Dallas, TX IDM / Analog

Source: CongressionalResearch Service. 71

While U.S. chip productioncapacity has been relatively stable, capacity and productionare growingoutside of

the United States, particularly inAsia. As a result, SIA predicts that, by 2030, the U.S. share of

semiconductorproduction capacity will fall to 10 percent, while the Asian share will grow to 83 percent. In

2019, of six new semiconductorproduction facilities in the world, none were inthe UnitedStates, while four
were inChina.

As notedinthe discussion of the “ design ” segment, this report covers three primary types ofchips: memory,
logic, and analog. As can be seen in the diagram below,different regions of the world specialize in different
sectors. For example, the UnitedStates produces only five percentof memory chips, while SouthKorea
accounts for 44 percent, and China 14 percent.72 In the memory segment, as noted above, China has focused
on rapid expansionofYMTC, providingthe company with $24 billioninsubsidies allocatedjust for its
Wuhan factory.73 The company'sexpansionand low-price offerings presents a direct threat to U.S. memory
chip makers Micronand WesternDigital.

Inthe logic chip segment (e.g., computer and cell phone microprocessors), the United States produces none
of the leadingedge (under 10 nm ) chips while Taiwan accounts for 92 percent. At other logic chip nodes, the
United States is stronger it produces43 percentof advanced (10-22 nm ) logic chips, and the six to nine
percentofprior generation ( 28 nm and above) logic chips while Taiwan between 31 and 47 percent and
China between19 and 23 percent. Finally, the United States produces 19 percent of analog/ discrete chips
while China 17 percent and South Korea 27 percent.7

70 This facilityhasbeenacquiredby ON Semiconductorfor $430 million; ON Semiconductorwillgainfull

operationalcontrol ofthe EastFishkillfab at the end of2022.
71 CongressionalResearchService. “ Semiconductors: U.S. Industry, GlobalCompetition, andFederalPolicy” .

October26 2020, p.22 https://crsreports.congress.gov/product/pdf/R/R46581( last accessedMay26, 2021) .
72 Varaset al. “ StrengtheningThe GlobalSemiconductorSupplyChainInAnUncertainEra”.

StephenEzell “ UnderAttack: The ImpactofChina'sPolicieson GlobalSemiconductor
Innovation”

74 Varas et al. “ StrengtheningThe Global SemiconductorSupplyChainInAn UncertainEra”
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SemiconductorFabrication: Risks

The key fabrication-specificrisks are reviewedbrieflybelow.

Lack of U.S. Production Capability at the Most Advanced Technology Levels : The United States
lacks semiconductor production capability at the most advanced semiconductor process node—currently

5 nm— at which only TSMC ( Taiwan) and Samsung ( South Korea) currently operate . The most
advanced fabs in the United States are 10 nm75 operated by Intel, which does not expect to enter full 7
nm production until 2023 and announced inJanuary 2021 that it will be using TSMC's enhanced ” 7 nm
or less production line for its latest graphics chip.76 As a result, U.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 , , and Internet of things
( ). Much of TSMC's 5 nm (and in the future , 3 nm ) production will be devoted to meeting the needs

of companies such as Apple for utilization in mobile communications devices. Inaddition to supply
chain risks due to the geographic concentration of production , the lack of domestic capability at the most

advanced technology also raises concerns for national security , as secure access to state -of-the -art
technology is needed to provide technical superiority for some military applications.

Dependence on Geographically Concentrated Foreign Production for Mature Chips : In 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 various non -leading edge memory
and logic chips that are used widely in myriad consumer and industrial applications. This impacts the

ability to supply various sectors critical its current and future national security and critical
infrastructure needs . Trailing edge logic chips are used in many military and critical infrastructure
applications , which can have significantly longer lifespans than consumer applications .

Dependenceon China for Sales Revenue: Dueto dominanceinthe electronicsassembly

space, U.S.chipmakersare alsoheavilydependentonsales to China. Chinais the largestmarket for
semiconductors, mostofwhich are then re-exportedwhencontainedin end products, including
consumerelectronicsandappliances. Accordingto The Economistin 2018, for example, mobilephone

chip providerQualcommgeneratedtwo- thirds ofits revenuefrom China, and memorymakerMicron

75

Someexperts indicatethat Intel's processis roughlyequivalentto TSMCand Samsung's7 nm process;
DanielNenni, “ SEMICONWest Intel10nmand GF 7nmUpdate” , ( SemiWiki.com , July 18 2018).
76 plans to tap TSMC's 7 nanometerprocess for ' DG2' graphicschip ”, (DeccanHerald January 12 2021) .
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generated 57 percent of its revenue from the country.77 Intel reported in 2020 that China accounted for

26 percent of its revenue. Heavy reliance on sales to China provides the Chinese Government with
economic leverage and the potential to retaliate against the United States .

China's Aspirations to Lead the SemiconductorIndustry: China's share of the global semiconductor
industry is relatively small and its companies producemostly low-end chips. China's most advanced pure
play foundry, SemiconductorManufacturingInternationalCorporation(SMIC ), can only produce at the
14 nm node, with limited capacity. However, the country is in the middle ofmajorstate-led effort to
develop an indigenous, vertically integrated industry that leads inall segments by 2030. China's share of
semiconductorwafer capacitystood at 16 percent in 2019, but is expectedto grow to 28 percentby 2030.
The ChineseGovernment is devoting$ 100 billion in subsidies to its semiconductor industry, including
the developmentof60 new manufacturingfacilities.78 As discussedinthe discussionof design ”
segment of the supply chain, China has moved aggressivelywith its subsidies to develop a home- grown
memorychip maker to break its reliance on the world's three main memorycompanies: Samsung (South
Korea), SK hynix (South Korea), and Micron (U.S.) . U.S. memoryfirm Micronis a direct competitor
withYMTC andwill likely be the first U.S. firm to see its future competitivenessand ability to innovate
threatened as a resultofChinese subsidies fundingits competitor.

Workforce Challenges : The domestic semiconductor industry has experienced a “ greying” of its
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 for about 38 percent of the domestic

semiconductor workforce . These workers maintain and operate complex manufacturing equipment ; the
positions typically require at least an associate's degree or skill- specific hands -on training.79

RisingFabCosts: As semiconductortechnologiesadvance, the costofbuildinga nextgenerationfab
increasessignificantly. As notedabove, the costofa fab at the 5 nmnodeis approximately$12 billion

whilethat for a fab at the 3 nm node mayexceed$20 billion. Inorderto justify the initialand ongoing
investmentfor a fab, the average fab utilizationis 80 percent.80 This is onereasonthat the and
mediumsized semiconductorcompaniesare mostly , concentratingon the designandIPfor
semiconductorswithouthavingto maintainan ongoingfab business.

other cases,

Unique Challenges of Developing New Manufacturing Knowledge: Production IP, the

manufacturing know -how that is created in the process of translating knowledge into products , is the
critical link between R & D and 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 capture . The comparatively massive benefits associated with the IP and the
rest of the market are generally lost forever. Insome cases , that same IP gets re-developed by others . In

that same IPgets stolen. Finally, sometimes the same problemgets solved through a

different path. All three of those results capture some ofthat lost benefit. While this principle is true

across all of manufacturing, it is much more acute in semiconductors due to the higher independenceof

processing technology from end-product application.

Insummary, while U.S. production capacity has been stable, the United States lacks sufficient capacity on a
relative basis to produce semiconductors and relies extensively on sources inTaiwan, South Korea, and China
for production. The UnitedStates is heavily dependent on a single company TSMC - for producing its

77 The semiconductorindustryand the powerofglobalization” (The Economist, December1 2018).

78 Strengtheningthe U.S. SemiconductorIndustrialBase” , (SemiconductorIndustryAssociation, n.d.) .
79 CommentsofSemiconductorIndustryAssociationto Requestfor Information, “ Chartinga Course for Success:

America's Strategyfor STEMEducation” 85 Fed. Reg. 55323 ( Sept. 4, 2020 )” , ( SemiconductorIndustry
Association, October 19 2020) .

Falan Yinug, “ Chipmakers Are Ramping Up Production to Address Semiconductor Shortage . Here's Why that
Takes Time”
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leading edge chips and has significant dependence on China for mature node logic chips. Since

semiconductors are such key components , the fragile supply chain for semiconductors puts virtually every

sector of the economy at risk of disruption . Recent events affecting global supply chains, such as the
COVID-19 pandemic , weather - related events , and the blockage of the Suez Canal demonstrate the

importance of preparedness and supply chain resilience . The lack of domestic 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 production capability and
a greying of the U.S. workforce .

SEMICONDUCTORASSEMBLY, TEST, AND PACKAGINGAND ADVANCED PACKAGING

This sectionreviews the back-end segmentofchip production, ATP, as well as the relatedU.S. supplybase,
anddiscusses the advancedpackagingsupply chain, includingcurrentresilienceandrisks.

Semiconductor ATP: Overview

Inthe back- end ATP stage, chips are assembled into finished semiconductor components, tested, and
packaged for incorporation into finished products . The ATP stage occurs under two models: (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 ofATP revenues and 43 percent of the market share of IDMATP 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 ( Taiwan ) SMIC (China ), 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 2012.81 In2017, there were more than 100 different OSATs in the market. There are eight large

OSATs; most are small- to mid- sized players.

While there are some U.S. OSAT companies (notably Amkor), U.S.-based companies only represent 15
percent of OSAT business ( 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)
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Source: CSET, VLSI Research

Traditionally, ATPhas beenanautomatedand lowervaluebusinessthat requiresconsiderablefloor space

andemploysmostlylow-tech workers (this is changingwith the introductionof advancedpackaging

techniquesdiscussedbelow ). Consequently, this was the first stageofproductionto be outsourced(starting
in the 1970s) , primarilyintoSoutheastAsia. Today, the majorityof ATP takes placeinChina, Taiwanand

SoutheastAsia (Singapore, Malaysia, Philippines, and Vietnam ). SEMIand Techsearchidentifiedmorethan
120 OSATcompaniesand360 packagingfacilitiesaroundthe world for 2018. Of the 360 facilities, more
than were in China, around100 in Taiwan, and 43 in SoutheastAsia ( the other facilities were in Europe

81 Herb Reiter, " TSMC's AdvancedICPackagingSolutions” , ( SemiWiki.com, May 1 2020) .
82 MarkLapedus, " WhatNextfor OSATs”, ( SemiconductorEngineering, March6 2017 .
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or the Americas). production is current to the mainstream packaging technologies, but
China is developing advanced packaging technologies. 84

Inaddition, with respect to testing, for national security considerations, semiconductor technologies must be
qualified and tested for use over military temperature ranges extended range), radiation resistance, and harsh
environments. This involves, among other things, single event effects (SEE testing using heavy- ion
radiation -testing infrastructure. The existing U.S.heavy- ion radiation-testing infrastructure is fragile and
cannot meet current or future SEE testing demand. Customers are already experiencing long wait times and
rising testingprices, and it could easily suffer major strains if even a single major facility closes down
suddenly. “ There are fewer than half a dozen accelerator laboratories that can produce ion beams with
sufficient ion species and energies to meet the needs ofSEE testing. This impacts availability of testing to

space missions among space agencies and industry , including satellites .support future

Semiconductor ATP: Risk

Today , the United States only has three percent of worldwide semiconductor packaging capacity (this does
not include testing capacity ) 86 mostly provided by IDMs , which often have their ATP facilities outside the
United States . While this has been a historically low-tech component of the supply chain , it is a critical step .
The United States dependence on ATP production in Southeast Asia , Taiwan and China exposes the U.S.

supply chain to disruptions.

Semiconductor Packaging: Overview

While, as notedabove, ATPhas historicallybeen a low-value componentof the supply chain, packagingis
increasinglybecomingmoreadvanced. Fordecades, the semiconductorindustryhas followedMoore'sLaw,
whichprovidesthat the numberoftransistorson a semiconductordoublesroughlyevery two years. Today,
the power and performancebenefitsofchip scalingarediminishingat newnodewhile the costper
transistorhasbeenincreasing. While scalingremainsan option, as itbecomesmoreexpensiveand difficult,

the semiconductorindustryis searchingfor alternatives, includingputtingchipletsand/ or more than one
integratedcircuitinto onepackage. This is knownas advancedpackaging. 87 Advancedpackagingrepresents
bothanalternativeand complementarytechnologyto linewidthshrinks as it offers higherchip density at the

packaginginsteadof the chip level and allows for integrationofdifferentchip functionsin a single package.
Advancedpackagingalso allows for increaseduse ofcommercial-off-the-shelf (defenseapproved) chips for
customsolutions.

Advanced packaging types include chip stacking technologies — especially for memory chips— embedded

die , fan -out wafer -level packaging and system -in-package (combining chiplets or multiple chips in one
package).88 One approach with logic chips has been to separate standardized IP functions into distinct ,
smaller chips, called “ chiplets ” that are connected via standard interfaces on a single package. A chiplet

functions with other chiplets, so the design must be co optimized and the silicon cannot be designed in

isolation.89 The Defense Advanced Research Projects Agency (DARPA ) and the Department of the Navy as
well as industry participants ( AMD , Marvell, and Intel) have had a number of projects exploring this
approach . Advanced packaging has significant value for national security to enable disaggregation of

87

83 SEMI, "Industry'sOnlyWorldwideOSAT ManufacturingSitesDatabaseNowTracks Facilities, Expands

Test Site Coverage” (PRNewswire, November20 2019) .
84 MarkLapedus, " China SpeedsUpAdvancedChip Development” ( SemiconductorEngineering, June22 2020) .
85 Testingat the SpeedofLight”, (TheNationalAcademiesofSciencesEngineering, andMedicine, 2018).

86 SEMI “ PublicComment52. SEMI. KimEkmark. 04/05/21, Regulations.gov, April5 2021).
MarkLapedus, "Shortages, ChallengesEngulf PackagingSupplyChain” ( SemiconductorEngineering, February

182021)

“ AdvancedPackaging: A collectionof approachesfor combiningchipsinto packages, resultinginlowerpower
and lowercost” ( SemiconductorEngineering, n.d.).

89 TechSearchInternational, “TechSearchInternationalQuantifiesHeterogeneousIntegrationMarketGrowth”,
(3DInCities, February24 2021) .
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functional, security, volume, environmentalperformance, thus allowing customizable for unique

national security applications.

In2019, advancedpackagingmadeup 42.6 percentoftotalsemiconductorpackagingby value and is
expectedto reach nearly halfof the total semiconductorpackagingmarket by 2025.90 This would be a
compoundannual growth rate (CAGR) of 6.1 percent from2014 to 2025,morethandoublingadvanced
packagingrevenuefrom$20 billion in 2014 to roughly $42 billionin2025. This is almost triple the expected

growthfor the traditionalpackagingmarket, estimatedat a 2.2 percentCAGRfrom 2014 to 2025.91

AdvancedPackaging: Current Resilience

The top 10 advancedpackagingcompaniesinclude: two IDMs (Intel (U.S. and Samsung(South Korea)); a

foundry ( TSMC (Taiwan )); the top five global (ASE Group (Taiwan ), SPIL (Taiwan , Amkor (U.S.) ,

PowertechTechnology (Taiwan), andJCET (China) and two smaller OSATs: NepesDisplay (South Korea)

andChipbond ( Taiwan ) ). These 10 companies process approximatelythree - fourths ofall advancedpackaged
chips.

Advancedpackagingin the United States is primarilyprovided by IDMs, including Intel, Texas Instruments,

and Micron.93 One U.S.-based foundry, GlobalFoundriesalso provides advancedpackagingservices.94 In

addition, smaller companies, such as Micross, Skywaterand Qorvo, provideadvanced packagingservices to
supply niche defense and industrial needs.

While China does not currently have strongadvanced packaging capabilities, as noted above, it is developing

advancedpackagingcapabilities in order to compensate for its lack ofproductionof leading-edge
semiconductors.96

Inaddition, as capabilitiesanddemandfor advancedpackaginggrow, comments submittedinresponseto the
FederalRegisterNoticeof Inquiry (NOI) notethat the UnitedStates lackofcapabilitiesinadvanced

packagingsubstrates (whichare based on printedcircuitboard technologies) and relatedsupply chains
presentvulnerabilities.97 Suppliers for substratesare based inAsia. Key substratecompaniesinclude: Ibiden

(Japan), Nanya ( ), Shinko (Japan), Samsung(SouthKorea), Unimicron(Taiwan ), ShennanCircuits
(China), ZhuhaiYueya(China), andAKM ElectronicsIndustrial(China ).98 Inaddition, printedcircuitboard

90
Kumaret al. , “ Webinar: TrendsandChallengesinSemiconductorAdvancedPackaging, Semiconductor

IndustryAssociation, September29 2020).
91 SantoshKumar, Favier Shoo, andVaibhavTrivedi, "StatusOfThe AdvancedPackagingIndustry2020: Market&

TechnologyReport - July2020”, (YoleDevelopment, July 2020).

92 AdvancedPackagingCurrent Trends & Challenges” , (Yole Development, 2020) .
93 Kumaret al. , “ Webinar: Trends and Challengesin SemiconductorAdvancedPackaging
94 MarkLapedus, “ The NextAdvancedPackages”, (SemiconductorEngineering, June 18 2020) .

AdvancedInterconnectTechnology”, Micross, 2021) ; “ AdvancedPackaging: Qorvo's Centers of Excellence,
( Qorvo 2021); “SkyWater'sFloridaExpansionAcceleratesDomesticAdvancedPackagingCapabilitiesfor
MicroelectronicsManufacturing, Skywater, n.d.) .
96 SeunghyukChoi, ChristopherThomas, andFlorianWeig, Advanced-packagingtechnologies: The implications

for first moversandfast followers”, (McKinsey, Autumn2014).
ChipletzInc, “ PublicComment34.ChipletzInc.Jay Owen. 04/05/21, Regulations.gov, April6 2021) ;

Technologies, “ PublicComment15. TTMTechnologies. ThomasEdman. 04/02/21, Regulations.gov, April6

2021) ; IPCandUSPAE, “PublicComment91. IPCandUSPAE. ChrisMitchell. 04/05/21, Regulations.gov, April
6 2021) ; CalumetElectronicsCorporation, “PublicComment89.CalumetElectronicsCorporation. ToddBrassard.

04/05/21, Regulations.gov, April 6 2021) ; PurdueUniversity, “PublicComment93. PurdueUniversity. Carol
Handwerker. 04/05/21 Regulations.gov, April6 2021) ; FlextechAlliance, “PublicComment77. Flextech

AllianceIncDBANextFlex. MalcolmThompson. 04/05/21, Regulations.gov, April6 2021) .
SaifM.Khan, AlexanderMann, andDahliaPeterson, “ The SemiconductorSupplyChain: AssessingNational

Competitiveness”, (Center for SecurityandEmergingTechnology, January2021) .
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manufacturing has shifted to China , making China a more attractive market for substrate suppliers. 99

IPC/ U.S. Partnership for Assured Electronics (USPAE) estimates the United States is 20 years behind Asia in

printed circuit board manufacturing technologies necessary for next - generation electronics applications and
30years behind in the capability to manufacture the printed circuit board manufacturing -like substrates

necessary for advanced microelectronics packaging. 100 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

percent.101

Semiconductor Advanced Packaging: Risks

Key risks pertaining to advanced packaging are reviewed below.

Chinese Investments inAdvanced 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 packaging . For 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 Chinese vendors
by 2015.102 In January 2021, SMIC's newly hired vice chairman said that Chinese companies should

focus on advanced packaging to overcome their weakness in reducing semiconductor linewidth , probably

signaling that SMIC will be aggressively moving into advanced packaging.103 Stephen Hiebert , senior

director of marketing at U.S. semiconductor packaging equipment company KLA reported in 2018
.we see strongOSAT investmentin China as advancedpackagingcapacities ramp to matchChinese

front-end fab projects." 104

Lack of Capabilitiesin Materialsfor AdvancedPackaging: Advancedpackagingsubstrates, which
are basedonprintedcircuit board technologies, andprintedcircuit board manufacturingis primarily

basedinAsia, with the latterbasedprimarily in China. This creates challengesfor companies seeking to
invest in advancedpackagingin the UnitedStates.

DefenseNeedsAloneAre Insufficientto KeepAdvancedPackagingOnshore: A handfulof U.S.

companies provide advancedpackagingsolutionsfor defense needs, which comprise a smallshare of the

market. As advancedpackagingcapabilities continueto grow outside the U.S., they will soon overwhelm

the volumeofdefenseneeds and marketforces will draw leading-edge capabilities offshore. Ultimately,

volumedrives bothinnovationandoperational learning; in the absenceof the commercialvolume, the

UnitedStates will not be able to keep up either with the technology, in terms of quality, cost, or
workforce.

Insummary , the United States relies on foreign sources concentrated in Asia for back -end 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 ever -smaller feature sizes at the most advanced or smallest nodes. While the

United States and its partners have advanced packaging capabilities , China's massive investments in advanced

99

The lossoftechnologicalleadership in printed circuit boardsshows weaknesses inthe electronicssupply chain

beyond semiconductors that is not the subject of this report, but as commentersto the federal registernotice have
indicated, are weaknessesthat also need to be addressed to ensure a strongsupply chain.
100 IPCand USPAE, Public Comment 91. IPCand USPAE. Chris Mitchell. 04/05/21, Regulations.gov, April
2021)
101IPCand USPAE, “PublicComment91. IPCand USPAE. Chris Mitchell. 04/05/21

102SeunghyukChoi, Christopher Thomas, and FlorianWeig, “ Advanced-packaging technologies: The implications
for first moversand fast followers”

103 Che Pan, “ SMIC urges China's chipmakersto embrace advancedpackagingas Moore’s Law slows nanometre
node progress andUSsanctions bite” , (Yahoo News, January25 2021).
104MarkLapedus, “PackagingChallengesFor2018” , (SemiconductorEngineering, January8 2018) .
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packaging threaten to upend the market in the future. Inaddition, the UnitedStates lacks the ecosystem for

developing advanced packaging technologies.

SemiconductorMaterials

As describedabove, modernchipmanufacturingis an incrediblycomplexprocess, involvinghundredsof
steps completedover several months. Amongthe essentialinputs for semiconductormanufacturingare
hundredsofmaterials that are usedin various stagesof the fabricationprocess. It is beyondthe scope of this
100-day review to evaluateall of the inputs for the semiconductormanufacturingprocess.105,106 One market
researchfirm estimates that the globalmarket for electronicmaterialsand chemicalsandgases for the

semiconductorindustrywas valuedat $18.3 billionin 2020 andis predictedto growto $26.2billionby
2025.107 However, the followingprovidesa brief review of the supplychain for certainkey semiconductor
materials.

Polysilicon

The process of manufacturing semiconductors starts with silicon , which is the second most abundant element

in the earth's crust . Although most silicon is used in the steel and aluminum industries, metallurgical grade
silicon is used to produce polysilicon, a high purity form of silicon used in the electronics and solar industries.

The semiconductor supply chain begins with polysilicon of ultra -high purity – 99.99999999999 percent pure.
It is often referred to as “ 11 Nines ” —with impurities equivalent to just one grain of sand in 16 Olympic - sized
swimming pools. To produce the ultrahigh purity polysilicon, silicon is combined chemicals such as
trichlorosilane gas in a very energy intensive process . Polysiliconused in the solar industry is of a lesser

grade, knownas “ Nines” pure, and solar applications account for 90 percent of demand for polysilicon.108

There several manufacturers of electronics- grade polysilicon with manufacturingin the UnitedStates,
includingHemlock Semiconductor (Michigan , Norway -based REC Silicon, Germany- based Wacker
Polysilicon, andJapan -based MitsubishiMaterials America. U.S.-based Hemlock Semiconductor indicated

that it has the capacity to increase polysiliconproductionby 50 percent, yielding up to 35,000 tons of
polysiliconper year.109 Although the U.S. currently has productioncapacity , according to the domestic
producers, U.S. technological leadership and production of semiconductor-grade polysilicon is at risk due to
China's actions to increase its dominance ofboth the semiconductor and solar supply chains. As a result of
these actions, which include a high tariff on polysilicon imported to China, U.S. polysiliconproducers have
been cut off from the Chinese market, which represents over 95 percent of the global solar -grade polysilicon
market. Direct and immediate customers in the solar industry currently do not exist in the United 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 productionofmaterial for semiconductors.110 According to these producers, China now accounts
for over 70 percent of polysiliconproductioncapacity, and U.S. producers, nine percent.

105 In

106

107

108

responseto the NoticeofInquiry, several of thosecommentingnotedsupplychainvulnerabilitiesfor specific
materialsused inthe semiconductormanufacturingprocess, includingABF substrate, lanthanum, cerium, scandium,
cesium, hydrogenfluoride, andhelium.

Formoreinformationon specificsemiconductormaterialssee: SaifM.Khan, AlexanderMann, and Dahlia

Peterson, “ The SemiconductorSupplyChain: AssessingNationalCompetitiveness”
ElectronicChemicalsandMaterials: The Global ”, (BCCResearch, January 2021) .

JohannesBernreuter, “ PolysiliconUses: The lion's sharehasshiftedfromsemiconductorto solar”, ( Bernreuter
Research, June 29 2020).

Taylor DesOrmeau, “ Hidden in the cornfields, Michigan has its own little silicon valley ” (MLive, April 2021) .

110 Transcript: Virtual Forum for Risks in the Semiconductor Manufacturing and Advanced Packaging Supply

Chain ” (Bureau of Industry and Security, April 8 2021).
" % surge inpolysiliconprices triggersunexpectedincreaseinmoduleproductioncosts andaffectssolar

installationoutlook in2020 ”, ( IHSMarkit, September2 2020).
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Semiconductor Wafers

After the polysilicon is produced it must be grown into ingots, the ingots are then sliced to make the thin
disk -shaped silicon wafers from which the chip manufacturing process begins. The United States 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 market — which are capable of producing 300 mm wafers used in state
of- the- art semiconductor fabs — are 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 wafers, although 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 Chinese firms is less than five

percent.112

The global semiconductorindustryhas beenconstantlyincreasingthe diameterof siliconwafers usedas the

larger the diameterofthe wafer, the morerealestateofsilicon is available for manufacturing. At present, the

semiconductorindustryis widely makinguse of300 mm wafers investments for 450 mmwafer production

were explored by a collectionof leading manufacturers, but significantlyhigher manufacturingcosts for
semiconductorprocessingtools and lowerexpected returns on investmentled to the abandonmentof this

approach. Two hundredmmwafers also continue to have a large market, especially for commodity
semiconductors.

With respect to siliconwafer manufacturingequipment, accordingto comments submittedinresponse to

NOI, mostof the specializedequipment, includingthe special furnaces used to grow ingots frompolysilicon

called Czochralski, or CZ pullers; and the special materials used to transform polysiliconintowafers,

includingquartz crucibles, graphiteparts, and slicingwire; are sole-sourced or not producedin the United
States 113

Although the vast majority of commercial semiconductors are produced from silicon wafers , compound

semiconductors , which feature a thin coating of a material with different 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

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 communications and optoelectronics applications and have been

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

The UnitedStates currentlyhas a leadershippositioninGaN microwaveelectronics for radar, electronic
warfareand communications. Other countries, especially China, are makinglargenationalinvestmentsto
Create their ownGaN electronicscapabilities.114

The Departmentof Energyhas long recognizedthe importanceofdevelopingcompoundsemiconductorsfor
powerelectronics, havingestablishedPowerAmerica, a ManufacturingUSA Institutein 2015. Power

Americais a consortiumof60 companies, universitiesand federallaboratoriesfocused on acceleratingthe
adoptionof U.S.-made SiC and GaN in applicationssuchas electric vehicles, renewableenergy, grid

112 Saif M.Khan, AlexanderMann, and Dahlia Peterson, “ The SemiconductorSupplyChain: Assessing National

Competitiveness”
113 LintonCrystalTechnologies, “Public Comment 9. LintonCrystalTechnologies. ToddBarnum . 03/31/21,

(Regulations.GovMarch31 2021); SEMI, “ PublicComment52. SEMI. KimEkmark. 04/05/21
114 PowerAmerica “ Public Comment45. PowerAmerica. VictorVeliadis, Ph.D..04/05/21, Regulations.gov, April
6 2021) .
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resilience, and mass transit systems.115 Inaddition, DARPA has funded numerous programs focused on
indium phosphide, GaAs, , and aluminum nitride plus recent work on ultra - wide bandgap
semiconductors.116 Beyond this investment in research, however, there remains a significant need for a
domestic foundry, as foundry services for SiC and GaN are mainly offshore.117

The United States is a global 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 UnitedStates has

homegrownSiC companies and has also attracted significant foreign direct investment. Cree Power ( U.S.) is
perhaps the best-known 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 ofAmerican
companies International Rectifier in 2015 and Cypress Semiconductors in 2020.

PhotomasksandPhotoresists

Photomasks, includingreticles, are plates that contain the patternused to produce integratedcircuits. Since

custom photomasksare usually identifiedby end-user, they are one of the areas of the semiconductorsupply
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 increasingly complex patterns onto the silicon wafers. Masks are made using a process
similar to that used to make the chips themselves, using e-beam lithography and laser lithography machines.
During the photolithography step of the semiconductor fabrication process, light is 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 for state-of- the-art chip manufacturing, using EUV
technology, are significantly different than conventionalphotomasks. EUV masks work by reflectinglight,
rather than blockinglight and use a silicon and molybdenum layered substrate rather than chromium and
quartz .

Captive productionofphotomasks is common among large semiconductor firms. Intel (U.S.), Samsung
(South Korea), TSMC (Taiwan ), and SMIC (China) all have in-house mask makingoperations. Fabless
semiconductor companies, however, rely on merchant photomask manufacturers, leaders ofwhich are
headquarteredinJapan, the UnitedStates, and Taiwan. The Center for Security and EmergingTechnology
(CSET) estimates that Japanese firms control 53 percent of the merchant mask market, while U.S. firms have
40 percent, and Taiwanese firms, seven percent.

According to the CSET supply chain study, Japanese firms also dominate the semiconductor photoresist
market,with an estimated 90 percent share. The remaining10 percent is held primarily by firms based in the
United States and South Korea. China has little indigenous capacity to produce advanced photoresists.

Ultra- Pure andRegularChemicals and Gases

There are manyprovidersofchemicalsandgases for the semiconductorindustry, with leadingcompanies
based in the UnitedStates,Japan, and Europe. Foreigncompaniesusuallyhavea presencein the United
States. Thebulk of the businessofmostchemicalandgases providersis outsideofthe semiconductor
industry.

115 PowerAmerica, “ PublicComment45. PowerAmerica. VictorVeliadis, Ph.D..04/05/21

116NationalDefenseIndustrialAssociation, “PublicComment73. NationalDefenseIndustrialAssociation(NDIA) .
NickJones. 04/05/21, ( Regulations.gov, April 2021).

PowerAmerica, “ Public Comment45. PowerAmerica. VictorVeliadis, Ph.D..04/05/21

118 SaifM.Khan, AlexanderMann, andDahliaPeterson, “ The SemiconductorSupplyChain: AssessingNational
Competitiveness”
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The United States , Japan, and France produce semiconductor gases . Currently , the six largest suppliers
Versum Materials (U.S.), SK Materials (South Korea ), MTG / TNS (Japan ), Air Liquide (France ),
Linde/ Praxair (U.K./U.S. , and KDK (Japan ) – control about half of the overall market, with about 50
suppliers accounting for the other half of the market.119

The United States, Germany andJapan 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 chemicals.

Raw Materials

The raw materials used to produce wafers – includingsilicon and gallium concentratedin China. Helium
gas is also in shortage. The U.S. is a source of heliumhowever, it is a by-productofnaturalgas production
and therefore subject to gas prices.121

Some of the critical materials, minerals, and rare earthelements discussedinthe criticalminerals and
materials supply chain reviewrequired under ExecutiveOrder E.O. 14017are used in semiconductor
manufacturing(includinggalliumand polysilicon). However, although these materials are critical to the
semiconductormanufacturingprocess, other uses of these materials are consumersofthese materials and
the issues for these materials are not particular to the semiconductorindustry.

SemiconductorMaterials: Risks

Variety of Materials Required : The 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, and likely contain hidden choke points that could disrupt

production . Inaddition to the raw materials, compound semiconductor materials are increasingly
important to commercial and military applications . Global leadership in automated vehicles , renewable
energy , and 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 properties.123

Dependence on Foreign Sourcing : Many of the materials used in semiconductor manufacturing have
limited production in the United States . The majority of silicon wafers are manufactured inJapan , with

an additional quarter of the supply filled by nearby Taiwan and South Korea . In addition , some raw
materials, including silicon and gallium , primarily sourced from China. Certain specialty inputs such
as certain electronic grade gases and chemicals , also have limited domestic sourcing, if any .124 A

disruption in the supply of any of these materials could have far - reaching impacts on semiconductor
production

Geographic Concentration of Suppliers: Inaddition to a dependence on non- U.S. sources , many of

the foreign sources of materials for semiconductor manufacturing are concentrated in East Asia . As

noted above, gallium and indium are primarily sourced from China, and silicon wafers , photomasks , and

120
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119 Mike Corbett and Andy Tuan, “ Opportunities in Electronic Specialty Gases” , ( SEMI, October 9 2019) .
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121 “ U.S.GeologicalSurvey, MineralCommoditySummaries: Helium ”, ( U.S.GeologicalSurvey, January2021) .
An illustrativelist ofrawmaterialsused insemiconductormanufacturingcan be foundon page54 ofSaifM.

Khan, Alexander Mann, and DahliaPeterson, “ The SemiconductorSupplyChain: AssessingNational
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123 BrewerScience, “PublicComment56.BrewerScience. A.Freedman. 04/05/21, Regulations.gov, April
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photoresistare primarilysourcedfromJapan. Additionalsourcesof supplyare largelyconcentratedin
Taiwanand SouthKorea.

Safety, Availability, and Transportation of Chemicals and Gases: Long 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 chemicals . Gases and chemicals companies often have
production / services near semiconductor fabs for this reason. The high -purity wet chemicals are already
in short supply, as, according to public comments , the low margins leave no incentive to expand
production capacity.125

Insummary , foreign suppliers dominate the market for silicon wafers , photomasks and photoresists .
Japanese companies are especially strong in these industry sectors . The products , however, are manufactured
in various locations throughout the world , and many of the foreign -headquartered 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 not have competitive ,
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 .

SEMICONDUCTOR 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 manufacturing bare wafers covered under “Materials” above), processing the
bare wafer to semiconductors on a wafer (Front-end , packaging (Back - end , and equipment for

manufacturing photomasks (mask manufacturing). Chip manufacturers need all the categories of front- end
equipment in their manufacturing line. The cost of complex front -end semiconductor manufacturing
equipment is a major reason (alongwith construction costs) for the high cost of a semiconductor fab.126

Front- end SME include equipment for fabrication steps , including lithography, etching, doping or ion
implantation, deposition, and polishing or chemical mechanical planarization. Ofparticular note is metal
organic chemical vapor deposition (MOCVD) equipment, a specific type of deposition equipment that
deposits thin layers of certain metals , used primarily for the production of compound semiconductors,

including those based on GaAs and GaN. Back-end SME includes equipment for ATP and advanced
packaging.

SME: Current Resilience

The SME industry is dominated by companies in the United States (41.7 percent share by revenue , 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
Europe.127 Many of the South Korean SME companies are owned by Samsung or SK hynix, or one of these

South Korean semiconductor companies is their primary customer.128 Although there is a Chinese company
producing every category of semiconductor manufacturing equipment , Chinese companies do not have a

notable share of any category except assembly and packaging equipment and MOCVD .
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The top five semiconductor manufacturing equipment companies for 2019 were Applied Materials (U.S.
18.8 percent world market share ), ASML (Netherlands – 16.8 percent), Tokyo Electron (Japan – 13.4

percent), Lam Research (U.S. 11.8 percent) and KLA Corporation (U.S. 6.8 percent),129 for a total 67.6

percent of the world market (by value ).

As indicatedinthe figure below, while the UnitedStateshas significantmarket share in the productionof

most front-endSME, the notableexceptionis for lithographyscanning/ stepper equipment, whichis almost
allmanufacturedby the DutchcompanyASML andJapanese companiesNikonandCanon.

One piece ofSME can have 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 ofU.S. semiconductor manufacturing equipment is spent on parts and other materials.130 U.S.

companies provide key parts for equipment sold by foreign companies. Notably , Cymer (U.S.) manufactures
the lasers for ASML's EUV stepper / scanner lithography machines. ASML acquired Cymer in 2013 ,but
Cymer remains a separate operating unit in ASML located in the United States. Also, some of the minerals
and materials referred to in the "Materials” section above are used in the manufacture of semiconductor

manufacturing equipment.

Due to the limited market and customers and the cyclical nature of sales, most of the large equipment
companies manufacture more than one type ofequipment so they can offer a full suite of devices and upkeep
options to customers. Lithography stepper / scanner equipment companies such as ASML are an exception 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 inmetrology and inspection.131

129 “ 2019 Top Semiconductor Equipment Suppliers ; The year was won by ALD, Process Control, EUV, and SOC
Test

130 2019 Annual Survey of Manufactures ( ASM )” ( U.S. Census Bureau, 2019) .
PeterClarke, “ ASML loses itscrownin semiconductormanufacturingequipment”, ( EENewsEurope, November

30 2020)
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IC ManufacturingEquipmentMarketShares
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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 Samsung, currently use EUV machines in production, which cost

more than $100 million. Both ASML and Nikon produce Deep Ultra -Violet (DUV) photolithography
hines that cast a beam of light through a photomask and creates a small image of the photomask’s pattern

onto a wafer. Outside of the Netherlands andJapan, the United States and other countries in
lithography equipment is primarily in lithography equipment for specific lower volume chips or for making

photomasks.

An exception to Japanese and Dutch leadership 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 mentioned above, there are defense
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 Chip Investment Fund, a company formed for the transaction that

included state-and 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 by the Committee on
Foreign Investment in the United States (CFIUS).133
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135

The top three companies for etchingequipmentare LamResearch (U.S.), TokyoElectron(Japan), and

AppliedMaterials (U.S.).134 Chinese companies, includingAMEC, havedeveloped some expertise in etch and
can competeinmost segments except leadingedge, howevertheir market share is only aroundone percent.

Incontrast to front-end SME, the UnitedStates has a relativelysmallmarket share (4.9 percent) in back-end
packagingSME. Japan has the largestshare ofpackagingequipment (35.7 percent), followedby China (22.9
percent) and the Netherlands (11.1 percent). However,U.S.-based Kulicke and Soffa is a leadingSME
packagingcompany. The UnitedStates andJapan are leaders in back-end test equipment (for ATP), with
33.5 and 48.6 percent of the market share, respectively.

SME: Risks

Key SME-specific risks are reviewed briefly below.

Dependenceon ForeignSales: While the UnitedStates has a significant share of the SME production
market, U.S. producers are highly dependent on foreign sales. As the largest manufacturers of
semiconductors,Taiwan, China, and South Korea are the largest markets for SME.136 Although Taiwan
is expected to regain its position as top market for SME for 2021 and 2022,137 due to significant spending
in chip production, China's consumption of SME is expected to increase steadily.138 For example, U.S.
based Applied Materials and Lam Research report that approximately 90 percent of their total revenue in
2020 resulted from non-U.S. sales, with China growing from 16 percent ofLamResearch’s revenue in
2018 to 31 percent in2020.139 Accordingly, U.S. SME producers are at risk of beingsignificantly
impactedby trade restrictionsbetween the United States and China or unexpecteddemand shifts inAsia.
The resultingimpacts could last far beyond current revenue declines, as semiconductor manufacturers
experience some degree ofequipment lock-in,with changing equipment providers requiringcostly
redesigns. Lam Research, for instance, noted in its 2020 annual report that “ once a semiconductor
manufacturer commits to purchase a competitor's semiconductor manufacturingequipment, the
manufacturer typically continues to purchase that competitor's equipment, makingit more difficult for us
to sell our equipment to that customer.” Also, sales ofSME are limitedto semiconductor companies
with fabs, universities, and semiconductor industry consortia — SME companies cannot increase their
customer base beyond these categories as this equipmentis unique to the semiconductor industry.

Chinese Subsidies for SME Production Distort the Market : In addition, China plans to provide

significant subsidies to fund SME production in the country . Phase IIof China's National Integrated
Circuit Industry Investment Fund, discussed below, focuses on etching machines, deposition , test , and
wafer cleaning equipment with funding from $28.9 to $47 billion.140 Subsidies keep the Chinese

companies in business even though most do not appear to be making a profit. For example , according to
Organization for Economic Co -operation and Development (OECD ), “Government equity injections

have had discernable effects on the financial performance ” of Chinese semiconductor producers where
increases in firm assets are not matched by any increase in profitability.141,142 The subsidies provide
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Chinesecompanieswithaccess to funds to investin R & D for the next generationsemiconductor

manufacturing, affordingsignificantadvantagesto these companiesrelativeto non-Chinesecompanies
that do notreceivesuch subsidies. Inview ofthe massiveR& D andcapitalexpenditureto manufacture

SMEs and uncertaintieswith respect to the timing and locationofleadingedge chip production, unlike in
the past, today, SME makersare reluctantto invest R & D for the nextgenerationwafersizewithouta
commitmentfromtop semiconductorcompanies.

Shortage of SME for Smaller Wafer Sizes : Even with widespread use of newer technologies like 300
mm lines, many types of semiconductors especially small surface area discrete semiconductors ,
compound semiconductors , and mature node integrated circuit semiconductors 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 shortage of 200 mm equipment , which shows no sign of abating. More than 200 fabs
currently in operation produce semiconductors on 200 mm wafers, mostly for mature node chips (350

nm to 90 nm ). Automotive, consumer ( gaming ), wireless communications , 5G smartphones and LED's

are cited as driving demand for 200 mm capacity . Inaddition , analog , display drivers, power
management integrated circuits and radio frequency devices utilize 200 mm wafers or smaller and

industrial and power semiconductors — especially GaN or other compound semiconductor often utilize
such wafers . An SME company reported that although sales of 200 mm wafer equipment declined from
2010 to 2015 toward a 50-50 split between 200 and 300 mm as expected , demand reversed to 2010 levels .
SEMI reports that , in 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 up. New equipment at 200 mm is also hard

to come by, especially lithography equipment.143

IndustryConsolidation: Today, newequipmentbuyswillbedueto new fabs, technology, featuresor

need to increaseoutput, increasingthe importanceofservicesandupgradesand the consolidationofthe
industrytoward largeproviderswitha wide rangeof products, such as AppliedMaterials, Tokyo

Electron, andLamResearch. This also puts the smaller equipmentcompaniesin dangerofbeing
absorbedby largercompaniesor losingsales to subsidiariesof the largercompanies.

Insummary , the United States has a significant share of global production of most front - end SME with the
notable exception of lithography equipment production , which is concentrated in the Netherlands and Japan .

The United States also has a significant share of global production of back -end testing equipment . By
contrast , the United States has a relatively small market share in global back -end SME packaging equipment

while China has a significant share . While China is currently highly dependent on non -Chinese 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 to the beneficiary companies
relative to other companies in terms of investments in R& D to produce equipment for leading edge chips .

RISKASSESSMENT

The semiconductor manufacturing supply chain is so broad and includes so many materials and processes

that identifying risks 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 that a semiconductor may cross international borders as many
as 70 times before reaching its final destination.144 The risks addressed in this report will accordingly not be
exhaustive , but represent an attempt to broadly categorize and summarize key risks facing the U.S.
semiconductor industry .
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The many category -specific 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 semiconductor 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 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, aligning private and public interests .

Fragile Supply Chains : Many Inputs, Industry Concentration , 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 of gases . A 2018 study of chemical use in two memory device fabrication facilities found they

each used over 400 chemical products weighing over 45,000 tons per According to NIST, as many as
gases alone maybe used in semiconductorproduction.146 Manyof these chemicals have their own

extensive supply chains that oftenoriginate outside of the United States or may depend on limited or single
sourcesof supply.

49

Whilenot commonly thoughtofas manufacturinginputs, assured sourcesofwater and energy are essentialto

semiconductormanufacturing. One commenterrespondingto the NOInoted that “ a typical semiconductor
productionfacility uses two to five milliongallons ofwater per day.” TSMC recentlyannouncedplans to
build an industrialwater treatment facility to better insulate itselffrom droughts or other water-related
disruptions, aimingto satisfy over 40 percentofthe company'swater usage of 156,000tons per day by
2024.147

Energy demands are also high for semiconductor fabrication . Facilities may require as much as 100

megawatt-hours of power each hour of operation , equivalent to the amount ofpower consumed by the
average U.S. household innine years.149 With electricity amounting for up to 30 percent of fabrication

operating costs, access to reliable and affordable energy is essential for semiconductor manufacturers to be
competitive.150 The sudden cessation ofwater or electricity into a fab ruins wafers currently in the production
line, at a high cost to the manufacturer.

For inputs that 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 be possible. As discussed above, many segments of the
semiconductor supply 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 inphotolithography 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 UnitedStates leads the worldin fabless semiconductordesign, whichintroducesthe additionalsupply

constraintofoutsourcedmanufacturingservices. As notedabove, 80 percent of the foundrymarket share is
located in Asia, nearly all locatedinTaiwan. Witha limitednumberofpotentialsuppliersof chip fabrication
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services and severegeographicconcentration, a single event suchas a naturaldisastercan result in significant
disruptionacross the supply chain.

Indeed, the globalized and highly specialized structure of the semiconductor manufacturing supply chain ,

combined with the economic benefits of geographic manufacturing clusters, raises the risks of disruption

from natural and human -made disasters . For example, in December 2020, a one-hour long power outage in a
memory fab in Taiwan impacted 10 percent of global DRAM supply.151 In a more recent example, the 2021

cold weather-related 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 COVID - 19.152 Inaddition, following a
fire at its facility in March 2021 ,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 two - third of the output of the impacted production line supplied automotive chips.153 With
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 single event to
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
environmental 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 challenges of the supply chain outlined in this document , this could, in
some cases, be a significant undertaking. The U.S. Environmental Protection Agency is aware of these issues,

including those raised by commenters regarding specific actions under the Toxic Substances Control Act,15
and has been in constant communication with the semiconductor industry regarding how supply chain
impacts can be considered during development of future regulations.

154

Malicious Supply Chain Disruptions : Insertions and Counterfeits

The risk of malicious disruptions to semiconductors and their supply chains has risen in concert with
increased chip complexity , process separation , and outsourcing. According to the Department of Defense's

( ) Defense Science Board Cyber Supply Chain Task Force, “ insertion of a malicious microelectronic

vulnerability via the supply chain can occur at any time during production and fielding of a weapons system
or during sustainment of the fielded system . The design step is particularly vulnerable to alteration of

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 target the system using the chip , specialized designs for known end-users could
be especially vulnerable . The end-user is also easily identified during the fabrication of the specialized

photomasks and packaging.

Counterfeiting and re-use of semiconductors presents an additional risk . Beyond the revenue loss

experienced by the victims of counterfeits estimated at $100 billion annually for the entire electronics
sector — systems and end users can experience early or catastrophic failure as a result of counterfeit

semiconductors.156 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 ,
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sensing, and monitoring is at particularrisk becausea counterfeitsemiconductormay notdetect failures
andproblemsor may inducemis-calibrationofequipmentdue to faulty readings. The simplest formof

counterfeitinginthis case is the re-packagingor remarkingofa used, mis brandedor not to spec
semiconductor. Semiconductorcompanieshavedevelopedsophisticatedproductmarkingsandother
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

applicable systems , integrated circuit -related products and services shall be procured from a trusted
supplier accredited by the Defense Microelectronics Activity (DMEA ) when they are custom -designed ,
custom -manufactured, or tailored for a specific DoD military end use (generally referred to as application
specific integrated circuits (ASICs ) " With no leading-edge semiconductor manufacturers in the United
States or other members of the National Technology and Industrial Base,157 the DoD is currently unable to
ensure its access to secure supply chains. Similarly , the Department of Energy's Argonne National

Laboratory's planned Aurora supercomputer has had to switch from using Intel to TSMC due to
delays in starting 7 nm production.158

Use of Obsolete and Generations Old Semiconductors and Related Challenges 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 in particular are in service 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 used in the B -2 bomber , for
example , were obsolete just seven 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.15 With defense and other critical systems often havinglifespanscounted in decades and

semiconductors doublingindensity every two years, U.S.nationalsecurity can depend on semiconductors

that are generations old.

Inaddition, for consumerapplications, there is continueddemandfor chips that are years removedfrom
leadingedge, creatingchallenges continuedprofitabilityandproductionofcomponents. For example,
maturenode chips (those chipswith largerline-widths) that are ubiquitousin autosandotherelectronic

devices throughoutthe electronicsecosystemare severelyimpactedby the current shortage. These are
relativelylow-cost processors that carryout tasks withinmany differenttypes of end uses, especially

microcontrollers.160Despitecontinueddemand the relativecostofbuildingand operatingnew fabrication
facilities focusedon older technologiesis high and is complicatedby the limitedsupplyof semiconductor
equipmentsuppliersfor maturenode production.

CustomerConcentrationand GeopoliticalFactors Dependenceon ChinaandPotentialfor

InternationalConflict

While the UnitedStates no longer leads the worldin semiconductormanufacturingcapabilities, it does play a
dominantrole in the crucialEDA, IP, and SME segments. Withmuchofthe world'ssemiconductor

157
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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 turn funds continued development of leading -edge chips to maintain their market lead. As
noted above, U.S. equipment companies are nearly entirely dependent on non-U.S. sales, with sales to China

accounting for an increasingly large percentage. Losing access to these customers 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 significantly impacted by trade restrictions between the United States and China, with major portions of

their revenue at risk of long-term disruption. Based on the Chinese Government's ambitions in regard to the
semiconductor industry, these revenue sources may be at risk in the long run regardless, but given that their

ability to reinvest in their businesses is immediately dependent on sales to China, their long -term viability is
immediately affected by actions that decrease sales. The current dependence of U.S. companies on sales to
China, inaddition to plans by the Government ofChina to become a world leader insemiconductor

production, represent one of the largest, most concerted risks to the U.S. semiconductor industry. This
short- term dependence and long-term vulnerability highlights the importance of a holistic approach to

addressing increasing concentration of semiconductor production activities in China. plans and
actions more fully explored in the “ Competitor Actions” section below.

Beyond China’s semiconductor -specific plans, it must be noted that the bulk of worldwide state -of- the -art
semiconductor fabrication facilities are in territory subject to geopolitical and geological risk . The fact that

many fabrication facilities are in China and 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 and long-term implications 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, benefit from so - called
“manufacturing clusters . ” Regional clustering of similar companies provides the companies in the cluster
agglomeration benefits via shared infrastructure and suppliers, building a large talent pool for their workforce ,
and facilitating shared innovation.161 In establishing itself as the primary immediate customer
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 , semiconductor companies 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 the companies 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 industry , as highlighted in the 2018 DoD report Assessing
and Strengthening the Manufacturing and Defense Industrial Base and Supply Chain Resilience the United States

The case of printed circuit boards likewise highlights the growing risks to the industrial base. The
printed circuit board sub - sector provides the substrate 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 which occurring in China; and the U.S. printed circuit

board sub-sector 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 producer reported to the Department of Commerce in 2016 that it
could build a new production bare printed circuit board site in China or the United States for approximately

161
Ryan Donahue, Joseph Parilla, and Brad McDearman , “ Rethinking Cluster Initiatives”, (Brookings , July 2018) .

57



the same cost , but that the presence of the upstream and downstream supply chain in China made it more
logical and profitable to establish the new facility in China. In the 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 will continue to rise as China accounts for an increasing share of the semiconductor

ecosystem .

HumanCapitalChallenges

162

The UnitedStates has an immediateneed for highlyskilledworkers inthe semiconductorindustry. A 2017
industry surveyby Deloitteand SEMI found that 77 percent of surveyedsemiconductorexecutivesthought

the industrywas facinga criticaltalent shortage, withanother 14 percentexpectinga severe talent shortage

A 2017DepartmentofCommercesurvey similarly foundthat 71percentoffacilities identified“ finding
workers” as one oftheir top three expectedworkforceissuesbetween2018 and2022, with nearly

halfof respondentslistingit as their single mostpressingworkforce issue.

With such intense competition for skilled labor, the U.S. semiconductor industry is highly dependent on
immigration , with an estimated 40 percent of high -skilled workers born abroad.163 Intel and Micron both
reported in 2020 that restrictions to immigration were a challenge in hiring and retaining talent, and

accordingly a risk to their businesses .164

Universitiesin the United States are a primary attraction for and source of talent for the semiconductor
industry. Internationalstudents in 2020 accounted for approximately 60 percent of enrollment in
semiconductor- related graduate programs.165 As China increasingly seeks out foreign talent, retaining these
students inthe UnitedStates serves to both bolster the domestic semiconductor industryand prevents
competitors from acquiringthe talent necessary to surpass the United States.

The Semiconductor ResearchCorporation (SRC) and the industryassociation SEMI reportedintheir public
comments on the semiconductor supply chain Executive Order Notice of Inquiry their outreach, education

and trainingprogramsspecific to the semiconductor supply chain and recommendations.10166

IPTheft

Inaddition to seeking to acquire skilled semiconductor workers , there are indications that, as the Information

Technology and Innovation Foundation writes , “ the acquisition of foreign semiconductor technology
through IP theft has been a key pillar of Chinese strategy . Multiple Chinese semiconductor companies

have been accused of and charged with stealing secrets , including by state -owned Fujian Jinhua

Integrated Circuit , Co.168 Illicit 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 semiconductor -related petitions brought before the Patent Trial and Appeal Board in 2016
via the inter partes review procedure ( launched in 2012 ).169 The semiconductor industry relies on protection of

and reasonable access to IP. Semiconductor design and the associated EDA tools are essentially applications
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of IP, and the United States ' to continue to lead in these areas is dependent on adequate protection of
IP

Related areas of concern are forced technology transfer and IP leakage that results from outsourcing of
semiconductor production processes . Within Chinese government plans to promote their semiconductor
industry are policies that encourage or require the transfer of IP to China-based businesses, including through
joint-venture requirements with Chinese businesses . Increased activity by U.S. semiconductor businesses — as
well as the Taiwan- and South Korea-based companies U.S. semiconductor design companies depend on for
production in China may result in an acceleration of transfer of IP from U.S.-based companies to China
based 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
biopharmaceuticals as the world's most R & D - intensive industry ; the ability to reap the benefits of R&D
spending to enables continued future innovation.170 The same dynamic exists with capital expenditures , as
the costs of building cutting edge fabs is rapidly increasing: Moore's Second Law holds that the cost of
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 companies — particularly ones that do not receive massive state -subsidies—
optimizing their individual business conditions will lead 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 interest can easily
misaligned . Multi -billion 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 robust private spending on R & D insemiconductor industry, expenditures are targeted at the
“ D ” side: applied research and product development that have closely hewed to advancing Moore’s Law
scaling. Many individual firms do not have the risk - tolerance necessary to undertake the long-term , high
rate-of- failure basic research projects that will be necessary to advance radically new chip designs and
manufacturing processes to support emerging computing methods.172 in the event of a successful
outcome , it is difficult for a single firm to capture all the economic benefits associated with a breakthrough
in fundamental science , making them even less interested to try.173

Inlight of the benefitsof clusteringandnetworkeffects discussedabove, an individualdecisionto cease

investingor beginoffshoringcanhave negativeeffectson the rest of the industry. Thedecisionof
GlobalFoundriesin 2018, for instanceto cease workon7 nmproductionwas “ notbasedontechnicalissues

that the companyfaced, but on a carefulconsiderationof the businessopportunitiesthe companyhadwith
its7 LPplatformas wellas financialconcerns.. The decision to stop work on 7 nmproductionmay have
been the mostprofitablebusinessdecisionfor GlobalFoundries, but left the UnitedStateswithoutany
cuttingedge foundries for the near term.
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This lack of domestic capacity may soon be mitigated by proposed investments in the United States for new
fabrication facilities in the United States (discussed below ). Inthe same way that the decision of
GlobalFoundries to cease work on 7 nm productionlimited the options of domestic design companies,
unilateral investments by Intel, TSMC, or Samsung ina domestic foundry can have positive ripple effects
throughout the semiconductor supply chain.

The broader external impacts of such individualdecisions are amplified in the semiconductor manufacturing

industry, which is highly consolidatedand features significant government intervention, particularly inChina.
While U.S. companies must typically cut back on hiring, capital expenditures, and R& D when faced with

uncertain future demand, companies inChina, bothwith and without direct government ownership, are able
to continue to invest based on the knowledge that the Government ofChina will be contributingbillions 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 state -directed subsidies and other financial support given to domestic entities comprise the key
pillar of China's overall industrial policy approach since 2014 , which aims to indigenize and place under state
control or ownership its entire semiconductor supply chain .

China's novel subsidy strategy – primarily in the form of government equity “ investments ” – aggressively
exploits gray areas in international trade rules in World Trade Organization ( WTO ) disciplines . 175
Government and industry stakeholders across the global semiconductor supply chain are deeply concerned by
China's market -distorting behavior . The following is a catalogue of the scale and structure of China's
subsidies program , where China is spending its money , and the current and potential impacts of the subsidies .

The government of China declared its desire to build a globally superior , self -sufficient domestic
semiconductor industry with its June 2014 publication of the Guidelines.176 China's industrial policy in the
semiconductor sector is funded at a magnitude significantly larger than in previous sector development
campaigns. “ China routinely cranks out economic plans; what counts is not the plan but the money ,
meaning that what matters with this policy is not the plan itself, but the amount of money being doled out .

Inconjunction with release of the Guidelines, China established the National Integrated Circuit ( IC ) Fund,

incorporated as a majority government owned investment company . Launched in 2014 , first phase of the
National IC Fund had as its main shareholders China's Ministry of Finance and the China Development

Bank , which held almost 60 percent of the shares combined, while central and local level government state
owned enterprises (SOEs ) held the vast majority of remaining shares . According to China's National
Enterprise and Credit Information Publicity System the 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 .

China's “ venture capital is designed to funnel massive state subsidies into China's domestic
semiconductor industry . By characterizing the National IC Fund as a private, market -driven investment fund

175 WTO SubsidiesandCountervailingMeasures(SCM ) Agreementrequiresall membersto notifyall government
subsidies to the SCMCommitteewhichare then subjectto extensivereviewto determine, interalia, whethersaid

subsidyis prohibitiveandcaused injury: “ Agreementon Subsidiesand CountervailingMeasures(

Agreement )”, ( WorldTrade Organization, n.d.) .
EnsuringLong- Term U.S.LeadershipinSemiconductors” , President'sCouncilofAdvisorson Science and

Technology, January2017) .

James Andrew Lewis , “ Pursuit of Semiconductor Independence ”, (Center For Strategic & International

Studies , February 27 2019 ) .

178 Enterprise Credit Information Publicity System ” , (State Administration of

Market Supervision and Administration , n.d. ) .
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free fromgovernment intervention,China is avoiding the transparency requirementsof the WTOsubsidy

regime and is likelyseeking to avoid futureWTO disputesettlement. Withclear guidanceandsupport from

China’scentralgovernment,this “venturecapital” modelhas beenreplicatedacross Chinese provinces and

municipalities. The Chinesegovernment has consistently maintainedthat the investment fund is runon a

commercialbasis without government interference. However, the reality is that these fundmanagers,inall

likelihood,serve as proxies to carry out the government of China’s policy to strengthen indigenous

innovation,replaceimports andsupport China’sindustrialpolicy andmilitary-civilfusionobjectives.179

Now that China is eight years intoits plan, it is clear that that China’s government designedits “venture

capital” model to facilitate a massivesubsidy campaign to developits domesticsemiconductorcapability to

avoidany WTOoversight. Indeed,the OECD recently concludedthat this “couldexplaininpart the recent

proliferationof government funds investing in semiconductor firms, which may allow governmentsto

continue/supportingtheir domestic industrywhile limiting the risk of a WTOchallenge,”obliquely referring

to China.180

Central government funding also signals where municipal and provincial level officials should invest, thus
amplifying the effect of central-level subsidies.181 The value of subsidies provided by non-central government
entities to China’s semiconductor industry has been estimated at $145 billion for the 2015-2025 time frame.182
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.

Inaddition to subsidies, Chinese policies have lowered income tax rates for semiconductor companies that
use specific technology nodes and there are specific concessions on value-added tax. Several potential
domestic champions, including Tsinghua Unigroup (Beijing) and SMIC (Shanghai), have received loans at
below-benchmark rates from China’s policy banks (e.g. China Development Bank) and the “big four” state-
owned banks.183 Semiconductor sector development is one of China’s most well-funded industrial policies,
highlighting the seriousness with which China is challenging established global players.

Semiconductor Subsidy Support Vectors

China’s support for its domestic semiconductor industry is being implemented in various ways.

In the early stages of implementation, China focused on semiconductor industry mergers and acquisitions. In
2015, China began by funding the consolidation of myriad of domestic companies into larger ones, giving
potential “national champions” the scale to compete with foreign companies. The most prominent example
was the acquisition of RDA Microelectronics (China) and Spreadtrum (China) by Tsinghua Unigroup. These
acquisitions put Tsinghua Unigroup in lead position for China’s semiconductor industry development.

In the Guidelines, China acknowledged that it could not develop its semiconductor industry without foreign
assistance and technological expertise and therefore emphasized the importance of international engagement.
For example, the Guidelines provided the objective to “further improve the [semiconductor] development
environment, vigorously attract foreign capital, technology and talent; encourage international IC companies
to establish R&D, manufacturing and operations in China.” Armed with billions in subsidies, the Chinese
government went on a buying spree 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

179Dieter Ernst,“China'sBoldStrategy For Semiconductors--Zero-SumGame Or Catalyst For Cooperation?”,
(East-WestCenter,September 2016).
180 OECD,“Measuringdistortions in internationalmarkets:The semiconductor value chain”
181OECD,“Measuringdistortionsin internationalmarkets:The semiconductorvalue chain”
182According to SIA estimatesof publicly available information. Poor transparency makes the true scale of
financialsupport challengingto predict
183OECD,“Measuringdistortionsin internationalmarkets:The semiconductor value chain”
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does not includethe more thana dozenunrecordedandinformalapproachesthat took placeduring this

period.184

Talent recruitment is another focus in China’s semiconductor strategy. Under its “Thousand Talents Plan,”
China aims to recruit top science and engineering experts from abroad to support Made in China 2025.185
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 40s and 50s who have in-depth knowledge of current
manufacturing processes and very young talent just out of university. For example, in South Korea there are

reports of successful use of “1/5/3” recruiting tactics to entice local talent –industry veterans are offered five
times their salary for three years of work if they accept employment in China.186 China has also reportedly
lured away 3,000 Taiwanese chip engineers over the past several years by offering two to three times their

current salary.187 Paying above-market rates for industry talent is another example of China’s aggressive
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 expensive to build and equip ($12-$20 billion) and extremely complex to
operate. Consequently, since 2014, the Chinese government has played a central role in co-financing a

domestic semiconductor fab building boom through complex ownership structures that involve local and
central government funds as well as certain SOEs. Increasing domestic fab capacity is a hallmark of China’s
industrial policy to achieve its goal of self-reliance in the semiconductor sector. In2018, China alone

accounted for more than half of worldwide construction spending on fabs, reaching $6.2 billion.188 In2019,
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 with roughly two dozen now.189 The

Chinese government is also ensuring that the pace of China’s semiconductor fab construction moves ahead
unimpeded. Signaling the Government’s resolve, the National IC Fund recently pledged to commit further
capital to projects during the COVID-19 outbreak in China, including the YMTC 3D-NAND flash memory

fab in Wuhan.190

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 sophisticated products, as Japan and South Korea did in the
1980s and 1990s.191 China understands that emerging applications and technologies will require unparalleled
memory capabilities. Its strong push into memory is a strategic move to achieve its ultimate goal of cyber

sovereignty and establishing first-mover advantage in “new generation information technology.”

China’s memory projects are the most mature of all its efforts across the semiconductor spectrum. YMTC, a
subsidiary of Tsinghua Unigroup, is emerging as China’s national champion memory chip producer. Even

though YMTC’s 3D-NAND memory technology is untested and significantly less advanced than global
leaders, it still represents a watershed moment in China’s semiconductor ambitions, especially because YMTC

184Thilo HanemannandDanielH.Rosen, “Chinese Investmentin the UnitedStates;Recent Trendsand the Policy

Agenda”,(RhodiumGroup,December 9 2016).
185 KathrinHille,“USfears attemptsby Chinese chipmakersto grab top talent”,(FinancialTimes,November2

2018).
186Blouinet al. “2016 Top Markets ReportSemiconductorsand RelatedEquipment”,(U.S.Departmentof

Commerce,InternationalTrade Administration,July 2016).
187 KeoniEverington,“China poaches3,000chip engineers,but Taiwan winningfromtrade war”,(TaiwanNews,

December 3 2019).
188 James Andrew Lewis,“China’sPursuitof SemiconductorIndependence”
189OECD,“Measuringdistortionsin internationalmarkets:The semiconductorvalue chain”
190 Ahmadet al. “SemiconChina 2017”,(Credit Suisee,March22 2017).
191James Andrew Lewis,“China’sPursuitof SemiconductorIndependence”
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was only foundedinJuly 2016. YMTChas receivedanestimated$24 billionin subsidiesfrom Chinese

governmentsources,which was essentialto the firm's rapiddevelopment.192

China National IC Fund Phase II

Undeterred by foreign competitors’ and governments’ complaints about the market-distorting effects of its
subsidies193 as well as U.S. export restrictions of advanced semiconductor technology and machinery that may

assist Chinese companies, China is accelerating its industrial policy. As illustrated above, China is signaling its
commitment to the development of its semiconductor industry and confidence that these policy tools are
working despite at least six multi-billion dollar semiconductor projects in China utilizing state funds failing

over the past two years,194 on-going overinvestment in China’s domestic IC market,195 and the fact that even
state champion Tsinghua Unigroup is struggling to meet its debt obligations.196 Announced 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 also includes sharp increases in the amount of funds from local governments, especially

from the southwest provinces. Genuine private-sector investment is almost non-existent.197

DingWenwu, President of the National IC Fund (formerDirectorof ElectronicInformationDivisioninthe
China’sMinistryof Industryand InformationTechnology),announcedthat, while the first phasewas focused
“almost exclusivelyon manufacturingprojects,phasetwo will increasethe proportionof investment inthe IC
designindustry, ICequipment and materials,andwill also focus on subsidizingthe adoption of domestic ICs by
Chinese electronics companies.”198 He highlightedChina’s designweaknessesinadvancedchips, such as CPUs,
GPUs, FPGAs,and microelectromechanicalsystems (MEMS). Through masteryof these types of chips,
China aims to dominate emerging industries,includingautonomousvehicles, smart grid, IoT,5GandAI,
whichcouldaddress its strategic technologygap with the UnitedStates.

SOUTHKOREA

SouthKorea plays a major role in the globalsemiconductorsupply chain. In2019, South Korea-based
companiesaccounted for nearly20 percent of globalsales, secondonly to the United States. This market
share is predominantlyrepresentedby Samsungand SK hynix. It also has a smallbut consistent role inthe
manufactureof semiconductormanufacturingequipment.

Giventhe predominanceof Samsung and SK hynix inthe global supply chain, most SouthKorean
Governmentsupport, while limited, is providedto those two firms. From2014-2018, the SouthKorean
Governmentprovideda total of $8 billionto Samsung and less than $1 billionto SK hynix, representingless
than one percent of revenuefor bothcompanies mostly throughR&Dsupport and tax concessions.199 Most
recently, the South KoreanGovernmentannouncedtwo programs aimedat improvingthe semiconductor
workforce andartificial intelligence(AI) chips.

192ChengTing-Fang,“China'stop maker of memorychipsplansto doubleoutputin2021”,(NikkeiInc,January12

2021).
193Accordingto TaiwanNews,there were approximately45,300companiesinChina supposedlydedicatedto chip

productionor designas of July 20,2020.Sophia Yang,“Sixof China's largestsemiconductorprojectsnowhalted”,
(TaiwanNews,October5 2020).
194 EmilyFeng,“ACautionaryTaleFor China'sAmbitiousChipmakers”,(NationalPublicRadio,March25 2021).
195NuyingHuangand Willis Ke,“Chinamovingto preventblindinvestmentin third-generationsemiconductors”,

(DigiTimes,December28 2020).
196Josh Horwitz,“Analysis:China'swould-bechipdarlingTsinghuaUnigroupbedevilledby debtand bad bets”,

(Reuters,January19 2021).
197XinzhixunRurouniSword,“ �������2041.5����������",(Weixin,October25 2019).
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Samsung produces a wide array of semiconductorproducts and its competitiveadvantagelies in logic,

memory,and image sensors. In2020, Samsungwas ratedthe second leading semiconductorcompanyby

sales, just behindIntel,driven primarilyby memory and leading edge logic.200 Samsung is one of only two

companiesthat are producingvolume in the leading edge 7 nm and 5 nmchips. The firm is usingits

manufacturingand technology edge to pushits manufacturingcapacity, thus further cementing is growing

leadershipover other rivals. In2020, Samsungwas rankednumber one intotalglobal300 mmcapacityat 21

percent.201 Samsungcontinuesto makesignificant investmentsto increase its productioncapacityand is

forecasted to spendan additional$30 billion in2021.202

SouthKorea’s dominant market share is also drivenby SouthKorean companies’ strong memorybusiness.

In2019, Samsung was the global market share leader inDRAM(46 percent) and NANDflash (35 percent).203

SK hynix is also a dominant player inthe memorymarket with 29 percent of the DRAM and 10 percent of

the NANDFlashmarket during the same timeframe. In2019, 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.204

The Governmentof Korea provides severaltypes of incentives to support its domestic semiconductor-

manufacturingbase. Not only does the KoreanGovernmentprovidesubsidies to lower the cost of

infrastructuredevelopmentand utilities,but it also supports semiconductorcompanies by identifyingand

providingfavorablelocations for new fabs. In addition, the government has enactedsimplifiedor expedited

proceduresandhas easedregulationsto loweradministrativeburdens on the SouthKoreansemiconductor

industry. According to one source, incentivesandsubsidies providedby the Governmentof Korea

effectivelylower the total cost of ownershipof a semiconductorfab by approximately25-30 percent.205

EUROPEAN UNION (EU)

InDecember 2020, 20 EUmember states signed a joint declaration to work together to “reinforce the
processor and semiconductor ecosystem and to expand industrial presence across the supply chain.” The
declaration states its aims as “creating synergies among national research and investment initiatives” and

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 area for investment under the EU Recovery and Resilience Facility. In its March 2021 release of a new

“Digital Compass,” the EU Commission has called for Europe to account for 20 percent of global
production by value of “cutting-edge and sustainable semiconductors” by 2030. The announcement of the

new Digital Compass promised investments from the EU budget to support its goals, including support from
the Recovery and Resilience Facility. The EUCommission has set aside $173 billion to support member
states’ digital infrastructure projects in its 2021-2027 budget. Also of note is the industry-academic consortia

IMEC,206 with two state-of-the art cleanrooms and one 200 mm, advanced packaging equipment and 4,000
employees. Industry supplies 80 percent of the funding, and 20 percent by the local government. There are
also regional efforts such as Silicon Saxony.207

200 “Intelto KeepIts Number One SemiconductorSupplierRankingin2020”,(IC Insights,November23 2020).
201“TSMCRanks inTop-10For Capacityin Three Wafer Size Categories”,(ICInsights,February24 2021).
202 Kotaro Hosokawa,“Samsungto pour $30bn into boomingchip business”,(Nikkei Inc,January 9 2021).
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November20 2019).
204KimEun-Jin,“SamsungElectronicsTops GlobalNANDFlashMarket in 4Q20 with 32.9% Share”,(Business
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IncentivesandUSCompetitivenessinSemiconductorManufacturing”.
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JAPAN

Inresponse to the COVID-19 global pandemic, under a program approved by Japan’s National Diet, the

Ministry of Economy, Trade, and Industry allocated $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 countries.208 Subsidies initially targeted the costs of shifting production for medical products inshort

supply, and subsequent rounds target critical technology and green goods.209 In addition, recent press reports
indicate that additional support for semiconductor manufacturers will be included in an economic growth
strategy developed by the Government of Japan.210

TAIWAN

InTaiwan, current incentives for semiconductor companies included 50 percent for land costs, 45 percent for
construction and facilities and 25 percent for semiconductor manufacturing equipment.211 Science parks

sponsored by the 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. Intotal, according to one source, these incentives and subsidies effectively lower the
total cost of ownership of a semiconductor fab by approximately 25-30 percent.212 Other amenities at
industrial parks include land for lease only, transportation infrastructure, no commercial or business taxes for

machines used for production, raw materials, fuel, or semi-finished products, grants for industry-academic
cooperation programs, reduction in R&D taxes, and a one-stop shop for services including talent cultivation,
R&D grants application and customs services.213

Inaddition, inJune 2020, Taiwanannounceda $1.3 billionannual fund to attract foreign companies to

establishsemiconductorR&D projects inTaiwan, subsidizingup to half of all R&Dcosts incurredby global

chip companies that builda presenceon the island.214 Italso announced that the government would invest

$335 million to incentivize foreign companies to establishsemiconductorR&Dfacilities inTaiwan. The

programaims to subsidize half of all R&Dcosts incurredby global chip companies that buildon the island.215

Inaddition, Taiwanauthorities announced small-scaleprograms focusedonAIapplications.216

To combat China’s efforts on attracting semiconductor engineers and designers, Taiwan has a law prohibiting

Chinese firms from conducting business activities—includingrecruitment—without prior approval from the

Taiwanese authorities.217 InMarch2021, Taiwanese prosecutors relied on this law to investigate accusations

that Beijing-basedBitmainhad established front companies in Taiwan to poach semiconductor designers.218

SINGAPORE

InSingapore, 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

208 Yuko Takeo,EmiUrabe,“JapanAllocates$2.4 Billionto Beef Up Supply Chains”,(Bloomberg,November20
2020).
209 “SuccessfulApplicants Selectedfor the Programfor PromotingInvestmentin Japan to StrengthenSupply
Chains”,(Governmentof Japan:Ministry of Economy,Trade,and Industry,November20 2020).
210 Rieko Miki,TakashiTsuji,and Kosuke Takeuchi,“Japan to pour cash into domesticchipmaking,followingUS
and China”,(NikkeiInc,May 19,2021).
211Varas et al. “GovernmentIncentivesandUSCompetitivenessinSemiconductorManufacturing”
212 Varaset al. “GovernmentIncentivesandUSCompetitivenessinSemiconductorManufacturing”
213 “Why HsinchuScience Park”,(HsinchuScience ParkBureau,Ministryof Science andTechnology,November
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214 DebbyWuandCindyWang,“TaiwanDrawsUp Planto Woo $1.3 Billionof AnnualTechResearch”,
(Bloomberg,July 4 2020).
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217 DebbyWu,“TaiwanProbe Spurs Fears of China PoachingTop ChipTalent”,(Bloomberg,March9 2021).
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semiconductorcompanies. These incentives includesignificant subsidies that lower landprocurement and

development costs. Inaddition, the government supports special economic zones and science parks,

enabling other membersof the semiconductorsupply chain to operate within the same facility as the fab that

they support. Intotal, accordingto one source, these incentivesand subsidies effectively lower the total cost

of ownershipof a semiconductor fab by approximately25-30 percent.219

ISRAEL

While Israel currently lacks significant semiconductor manufacturing capacity, the Government of Israel
provides strong incentives and subsidies to encourage the development of its semiconductor-manufacturing
base. These incentives include subsidies on land development, facility construction, and equipment
procurement. Intotal, according to one source, government incentives effectively lower the total cost of
ownership of a semiconductor fab by approximately 30 percent.220

OPPORTUNITIES & CHALLENGES

Opportunity: Foster Investment in Domestic Semiconductor 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, including 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 volume cutting edge integrated circuits in the
United States but relies on Taiwan to manufacture these leading-node semiconductors. These cutting-edge
chips are the foundation of paradigm-shifting technologies, such as AI 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 indomestic
semiconductor manufacturing facilities as well as manufacturing 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 insemiconductor manufacturing operations in the United States.

• TSMC announced plans last year to build an advanced chip foundry in the Phoenix, Arizona area, a $12

billion investment with completion scheduled in 2024.221 The plant will produce 5 nm chips with a

capacity of 20,000 wafers per month and will employ 1,600 workers.222

• Samsung is consideringa $17 billioninvestment to expand its productioncapacity inthe UnitedStates,

which would create 3,000 additionaljobs223 and is expectedto commenceoperations in 2023.224

Technicaldetails on the plant expansion are unclear; one report indicates that the facility would be

capable of producing at the 3 nmnode. The company is seeking a 20-year property tax reimbursement to

locate in Austin, Texas and has stated it is also considering locations in the United States (Arizona and

New York) and inSouthKorea.

219 KathrinHille,“TaiwanaccusesBitmain of poaching its top chip engineers.”
220 Varas et al. “GovernmentIncentivesand USCompetitiveness inSemiconductorManufacturing.”
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• Intel announcedinMarch 2021that it will invest $20 billion to expandits manufacturingcapacity

throughconstructionof two new fabs at its Chandler, Arizona campus. The fabs will not only serve

Intel’s requirementsbut will also providefoundry capacity for fabless customers. The investment is

expectedto create 3,000 permanent,highwage jobs.225

• 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 implementedexport control

security measures to allow for the manufacturingof �12 nm devices subject to the InternationalTraffic

inArms Regulations or the Export Administration Regulations.226

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 estimated that each direct job in the semiconductor industry generates four to five

indirect jobs. Inaddition, expanding production in the United States would help ensure that to maintain a
domestic core of trained workforce. Absence of production at the cutting edge can 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 inupstream and downstream sectors – such as
electronic materials 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 supply chain. Several responses to the NOI were from current suppliers
to semiconductor fabrication facilities outside the United States, and indicated that they would be interested
inestablishing U.S. locations to support new domestic fabrication facilities.227

Inaddition, as notedabove, the United States also lacks back endchip processing capacity—ATP. This
phaseof the semiconductorproductionprocess is less technologically demanding than fabricating the chip,
and the barriersto entering this sector are lower. It is nonetheless a vital step in the chip manufacturing
process and an area inwhich China has bothcapability and market share and thus ability to willfully or
accidently interrupt supply chains. Government policies to incentivizeadvancedchip packaging and testing
inthe UnitedStates couldalso enhancesupply chain resilience. These incentives couldbe targetedat
marginalizedor economicallydepressedcommunities,which are not reapingthe benefits of newly announced
planned investmentsinchip production. Mostproductionis in the Austin, Texas and Phoenix,Arizona
areas—already technologicallyprosperous regions.

The SmallBusinessAdministration(SBA); severalDepartmentof Commercebureaus, including the
EconomicDevelopmentAdministration,MinorityBusiness DevelopmentAgency, and NISTManufacturing
ExtensionPartnershipprogram; and the Export-ImportBank of the UnitedStates (EXIM)all have
programs,expertise, and resources that couldbe utilizedto achieve the goal of expanding domestic
productionof semiconductors.

Challenges

The biggest challengeto increasingdomestic semiconductor production is cost, bothabsolute and relativeto
other countriesas discussedinthe “Fabrication” and the “CompetitorActions” and “Ally/Partner Country
Actions” sections. A largevolume 300 mmfab anywhere in the world can cost billions of dollars, and tens of
billions for a leading edge fab. The most critical factors for determiningthe best locationto manufacture
semiconductors include synergies with an existingsemiconductor ecosystem/footprint,access to skilled
talent, protection for intellectualproperty, labor costs, and government incentives. While the United States

225 “Intel Announces $20 Billion Investment for Two New Arizona Fabs”,(IntelCorporation,March23 2021).
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fares well on the first three factors, the costs of labor are higher and there have been significantly fewer
government incentives. As a result, the 10-year cost of a new fab in the United States may be 30 percent—$6
billion on average—higher than building the same fab in Taiwan, South Korea or Singapore, and up to 50
percent higher than in China. Much of the cost differential (estimated 40-70 percent) is specifically due to
government incentives.228
Given the fact that global demand for semiconductors is forecast to grow, resulting in a need for an increase
in semiconductor manufacturing 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 has led 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, this segment of the supply 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
well as continued ability to make significant R&D investments. This section focuses on R&D-related
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 address areas in which there are shortcomings. Federal
investments in semiconductor-related research has the potential to add significantly to U.S. gross domestic
product and create thousands of high-quality jobs.

Federal scientific and research agencies, including DARPA, the National Labs and NIST, can take the lead on
building public-private partnerships and consortia to advance semiconductor innovations across the spectrum
of scientific fields—materials, designs, architecture, and manufacturing technology. Market 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 academic studies.229 In addition,
according to industry, public/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 technologies to the industrial 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,
such as the CHIPS Act. A broad, well-coordinated, well-funded federal initiative can build upon this growing
consensus.

The United States could further explore semiconductor-related R&D opportunities with key partners, such as
Taiwan, Europe, Japan, and South Korea, 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 successful multinational R&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 technologies. Semiconductor
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 costs. For this reason, it is vital that there be a broad partnership of government,
industry and academia to work together to achieve these goals, as it is increasingly difficult for companies to

228 Varas et al. “Government Incentives and US Competitiveness in Semiconductor Manufacturing”
229 Matt Hourihan and David Parkes, “Federal R&D Budget Trends: A Short Summary.”
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do so alone. U.S. investments insemiconductor-related research will need 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. Incontrast, other governments –
including China – 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 semiconductor production and maintaining its technological
edge will require a robust domestic workforce. There are opportunities, in both direct and indirect jobs, for
workers with an Associate’s degree or less. Some of these opportunities will require specialized training
through apprenticeships, and career and technical education programs.

The lion’s share of direct jobs, particularly in leading edge production, require Bachelor’s degrees or advanced
degrees and pay upwards of $170,000 annually.230

Source: 2015 and 2016 American Community Survey Public Use Microdata, U.S. Department of

Commerce231

Manufacturing jobs include electrical technicians, assemblers, testers, mechanics, and front-line supervisors.
These jobs may be well-suited to registered-apprenticeship and community college programs. Semiconductor
companies, working with community colleges, can develop production-line specific training programs that
will benefit industry, local communities, and individuals. A share of the training programs, employment
opportunities, and semiconductor production jobs should be available to traditionally underrepresented
populations and ineconomically depressed or deindustrialized regions of the country.

To better prepare students for postsecondary programs, companies can also collaborate with career and
technical education (CTE) programs at the state and local levels to develop technical preparation programs.

RelativePercentof Education Levels of Largest Detailed STEM Occupations in

Semiconductor and Other Electronic Component Manufacturing (NAICS3344)
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230 “Chipping in to support stronger U.S. job growth.”, (Semiconductor Industry Association,May 2021).
2312015 and 2016 American Community Survey Public Use Microdata,U.S.Departmentof Commerce,U.S.Census
Bureau,Table 1.11Educationalattainment for workers 25 years and older by detailed STEMoccupation,2015-

2016, Data collected for largest populatedSTEM occupations in NAICS3344.

69



Most CTE programs are available to all high school students ina schoolor district and develop the academic,
technical, and employability skills to prepare students to succeed in the workforce and postsecondary
education.

Constructionof new fabs creates jobs for skilled constructionlabor. Ifthe CHIPS Act were fully funded, fab
expansion, upgrades and constructionis expected to create more than 22,000 jobs. Further, the investment is
projected to create tens of thousands of indirect jobs.232

Overall, industry analysis suggests 1 in 5 jobs in the industry do not require a college degree.233 However, as
fab tools and processing become increasingly advanced, manufacturing jobs increasingly require lengthy
education and training investments. Leading edge fabs are largely dependent on workers with Bachelor’s
degree or higher. Proprietary data suggest 75 to 90 percent of the workforce in leading edge fabs holds a
Bachelor’s degree or higher, with 50 to 60 percent of engineers holding advanced degrees.

The U.S. holds advantages in the high-skilled workforce. Universities are already strong in technical fields,
including microelectronics, and the U.S. National Labs are world class. Many of these institutions rely on
foreign-born students and workers.

Challenges

The United States has an immediate need for highly skilled workers in the semiconductor industry and
increased 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 respondents 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 Science & Chemicals.234

The U.S. has reliedon foreign-born workers to fill many of these gaps. More broadly, 40 percent of high-

skilled workers in the U.S. semiconductor industry are born abroad.235 Many students pursuing these degrees

within U.S. institutions are foreign born, especially in advanced degrees. Internationalstudents in 2020

accounted for approximately 60 percent of enrollment in semiconductor-relatedgraduate programs.236

232 Note:U.S.Departmentof Commerce analysis incorporatesEPI statistics,see: Josh Bivens,“Updated
employment multipliersfor the U.S.economy”,(Economic Policy Institute,January 23 2019).
233 “Chippingin to support stronger U.S.job growth.” 2021.Semiconductor Industry America.
234 Mark Lapedus,"EngineeringTalent Shortage Now Top RiskFactor",(SemiconductorEngineering,February25

2019).
235 Will Huntand Remco Zwetsloot,“The Chipmakers:U.S.Strengthsand Prioritiesfor the High-End

SemiconductorWorkforce”
236 Will Huntand Remco Zwetsloot,“The Chipmakers:U.S.Strengthsand Prioritiesfor the High-End

SemiconductorWorkforce”
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59 %

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

Electrical
Electronics

Communicati
ons
Engineering

Computer
Engineering 28,645 12 % 18,787 74% 2,686 48 %

Mechanical
Engineering
Mechatronics 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 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 provisions will likely create an
immediate call from industry for more foreign -born 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 on-the- 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

they face. The current geographic concentration of semiconductor 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
could establish education and training programs needed to prepare U.S. workers and address the significant
under -representation of African Americans, Latinos and women in semiconductor technology fields.

Workers with science, technology , engineering, and math (STEM ) 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 field , such as in consulting
or banking. Hiring foreign -born, U.S.- trained 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 increasingly seeks out foreign talent, retaining these students in the United
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 reported in 2020 that restrictions to

immigration were a challenge in hiring and retaining talent, and accordingly a risk to their businesses.237
Strategic hiring of foreign -born staff must be balanced with employer -driven, public -private investments in
training U.S. workers .

237 Intel Corporation , “ Form 10 - K ” . ” Micron Technology Inc, “ Form 10 -K . ”
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Opportunity:Enhance International Engagement and Cooperation on Range of Semiconductor
Related Issues

The fact that mostadvanced technologylinks inthe semiconductorsupply chain are concentratedamong
countries that are U.S. allies andpartnerscreatesan opportunity to forge a cooperative, multilateralapproach
to semiconductor-relatedissues. Thesecountries sharemanyof the same concerns, includingsupplychain
vulnerabilities, the importanceoftechnologicalleadership, and counteringChina's aspirations. Ongoing
engagementwith these like-mindedcountries will foster harmonizationof exportcontrolpolicies,

internationalresearchpartnerships, andameliorationofsupply chainvulnerabilitiesby establishinga diverse
supplierbase. Internationalengagementon these issuesis necessary to promote a “ level playingfield” for
U.S.industry. While industrialsupplychains and investmentare almostexclusively the purview of the private
sector inthe UnitedStates, the same is not true forJapan, South Korea, andTaiwan who have a longhistory
of industrialcoordinationbetweenthe governmentand the privatesector. As such, direct U.S. government
involvementin coordinatingefforts to buildindustrialpartnershipsbetweenU.S. business and industrial
partners inJapan,Taiwan, and SouthKoreais critical.

Opportunity EncouragePrivateSector DevelopmentandImplementationof Best Practices”
MitigatingSemiconductorSupply ChainRisks

Increasingawareness by private sector firms inboth the semiconductorindustry and in end user sectors of
the importanceof a comprehensivesupply chainreviewcan help identify sole/ single sources for key materials
anddiversify suppliers/ plants / geographies.

Manyprofit-seekingcompaniesbase their supplierdecisionswith the goals ofminimizingcosts, reducing
inventories, and increasingutilization. This approach, however, may notallow for the flexibilityto absorb
disruptions intheir supply chain. Moreover, companies may notbe fully awareof the vulnerabilityoftheir
supply chains to potentialglobalshocks caused by natural or politicalphenomena. Given the number of
locations fromwhichmaterials are sourced, geographieswhere manufacturingoperations take place, and
transportationroutes, supplychain risk managementcan be complex.

A “ BestPractices” supplychain approachcould assist companiesinidentifyingand prioritizingrisks and then
developingpolicies to monitor andmanage them. Bettertransparencyandunderstandingofglobal supply
chains can also allow for an evaluationwith regardto such factors as workers' rights and environmental
responsibility.

Opportunity: DomesticProductionofEmergingTechnologiesCan DriveDemandfor
Semiconductorsinthe UnitedStates

As notedabove, U.S.semiconductorcompaniesat various segmentsof the supply chain, includingEDA
suppliers, SMEproviders, andchip-makers, are highlydependentonforeignsales, particularlyto China. This

is becausechipproductionis concentratedin EastAsia andChinais a leadingconsumerof semiconductors.

Accordingto the SIA, China accountsfor approximately24 percentofglobalconsumptionof

semiconductorsandthe UnitedStates accountsfor approximately25 percent, makingthe UnitedStatesand
China the top two global consumerof semiconductors.238While currentdemandin the UnitedStates and

Chinais roughlyequivalent, in the next five years, demandin China is forecastedto continueto increaseand
to outperformthe rest of the world.239 This would increaseU.S. semiconductormanufacturers' dependence
on sales to China, riskingfinancialvulnerabilitiesinthe short- andlong-term as discussedabove.

The DoD market for trusted microelectronics is miniscule compared to the commercial market . But the need

for security in 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

market for “ trustworthy ” microelectronics could expand several times . Inother words , ifcritical

238 Varas et al. “ Strengthening The Global Semiconductor Supply Chain In An Uncertain Era .”
239 Varas et al. “ Strengthening The Global Semiconductor Supply Chain In An Uncertain Era . ”
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infrastructure, mass transportation, 5Gnetworks, industrial connectedvehicles, and medicaldevices
developedgreatersecurityrequirements, market and cost structurewould changesubstantially.

As the UnitedStates pursues leadershipin next generationtechnologiesand invests in key infrastructure
projectssuch as high-speed broadbandinfrastructure, electricvehicles, electric gridresilience, and power
generationmodernizationdemand for semiconductorsthat are the linchpinofthese technologieswill

increase, andthat demandcan be met in partwithdomesticproduction. Cultivatingdomesticdevelopment,
production,and demand for these leadingedge industrieswill providean “ anchor” for leadingedge
semiconductortechnologyand production. This will be beneficialfor the DoDand nationalsecurity, as
defense needs alone are smallcomparedwith commercialmarkets. As semiconductorsbecome increasingly
embeddedin andessentialto technologiesthroughoutthe economy, secure supply chains are ofgrowing
importanceto U.S.economicandnationalsecurity.

Opportunity: Meetingthe ClimateChallenge

The semiconductorindustry is essential meetingthe climate challenge facing the UnitedStates and the
worldas a whole. The electric gridofthe future — using 100 percentclean energy willbebuilton
semiconductortechnology. By investingindomestic semiconductorresearch, developmentandproduction,
the UnitedStateswill be in the positionto be a leaderinthe raceto meet zero-emissiongoals, as well as
competitivesupplierof the products, equipmentand technologiesthat will be neededto meet these goals.

Similarly, semiconductorsare the key to more computationally-intensiveelectricvehicles of the future. A
robust semiconductorsupply chainthat will accelerate the for the UnitedStates to manufactureclean
cars and put those cars on U.S. andglobal roads.

Opportunity: LeveragePollutionPreventionProgramsto Increasethe Sustainabilityof
SemiconductorManufacturing

U.S.semiconductormanufacturersand their suppliers canbuild markets and increase resilienceby increasing
their participationineffortsthat seek to reducethe environmentalfootprintof their industry. There are
several efforts that help to reduceor offset emissions from the industry.

Semiconductormanufacturerscan improvetheir fluorinatedgreenhousegas ( F -GHG) destructionefficiency

and implementprocess improvementsto reduce those emissions. ElectronicProductEnvironmental
AssessmentTool (EPEAT), a global that helpspurchasersidentify and procuremore sustainable
electronics, incentivizesthe use of semiconductorsmadein300 mm fabs that have reducedtheir F-GHG

emissionson a metric tonCO2e basis in EPEATregisteredcomputerproducts. Semiconductor
manufacturinguses, and canemit, a varietyofF-GHGs. Some of these F-GHGsare highlypotent
greenhousegases that, pound-for -pound, trap up to 23,000 times as much heat as carbondioxideinthe

atmosphere, where they can remainfor thousandsofyears. Underthe EPEATprogram , computerscan
receive additionalpoints and higherlevels ofregistration (Silver or Gold) for using semiconductorsfrom fabs
with reduced F-GHG emissions, reducingthe amount ofF -GHGs emittedduring the manufacturingprocess
by over 90 percent. The U.S.Governmentis one ofthe largestpurchasersof informationtechnology(IT)
products inthe world, and is requiredto procureEPEATregisteredproducts, sending a strongdemand
signal the IT sector to incentivizemanufactureand sale of more sustainableelectronicgoods. Purchasers
around the globe have followed the U.S. federalgovernmentexample and are also seekingout EPEAT
productsas part of their sustainableprocurementprograms. TheEnvironmentalProtectionAgency
conservativelyestimates that reducingFGHGsreleasedto the atmosphereduringsemiconductor

manufacturingcould result in a reductionofaround10millionmetric tons of CO2e globallyand around 2
millionmetric tonsofCO2einthe UnitedStates from the baseline.

The GreenPowerPartnershipprogramreducespollutionandthe correspondingnegativehealthand
environmentalimpactsassociatedwithconventionalelectricityuse. The threesemiconductorindustry

companiesthat were identifiedon the Partnership’stop 100 Partnerslist useda totalof6,581,859,722kWh of
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green energy in the 2020 reporting year ; two semiconductor manufacturers are using green power for 100

percent of their electricity.

PollutionPreventioncenters acrossthe UnitedStates canbe fundedto expandtheir missionto include

researchand outreachon preventingpollutionat semiconductorfabs or inthe industry'ssupply chain. The
plannedupdateof the EPEATcriteria willprovidean opportunityto further incentivizeshifts to more
sustainablemanufacturingof semiconductors. Effortsfrom alliedindustriesto reducecarbonemissions, of
whichthe Ultra-Low CarbonSolarAllianceis one, shouldbe lookedat for translationto the semiconductor

industry. This effort aims to reduce the embeddedcarbon insolarmaterials. Similarmaterialsand processes
are used in semiconductormanufacturingand there maybe opportunitieshere for environmentalgains. New
sourcesof fundingshouldbe consideredto researchrecyclingand reuse of semiconductor
industrywaste streams for this and other industries.

As domestic semiconductor-relatedplants are constructed or expanded to address supply chainvulnerabilities

and to ensure continued U.S. leadership inthis critical technology, there is also the opportunity to buildthem

as next-generation facilities, where the energy they consume is moving towardclean power fromzero carbon
sources such as wind and solar (CleanEnergy Standard).

RECOMMENDATIONS

A secure and resilient semiconductorsupplychain will require a whole-of-countryeffort, bringingtogether
the resourcesand ingenuityof the private sector, the government, universitiesand other non-profits, and
workers. This report makes seven majorsets of recommendationsto expand and secure the U.S.
semiconductorsupplychain:

1. Promoteinvestment, transparencyand collaboration, inpartnershipwith industry, to address the
current shortage

2. Fully fund the CHIPS for Americaprovisions to promotelong- term U.S. leadership
3. Strengthenthe domestic semiconductormanufacturingecosystem
4. SupportSMEs and disadvantaged firms along the supply chain to enhanceinnovation
5. Builda talent pipeline
6. Work with allies and partners to buildresilience
7. Protect the U.S. technologicaladvantage

1. Promote investment, transparency and collaboration , in partnership with industry, to address the
currentsemiconductorshortage:

The current semiconductorshortage is the resultofmultiplefactors, includingunexpectedshifts inglobal
demandrelated to the COVID -19 crisis andevents that disruptedspecific major semiconductor
manufacturingcenters, suchas the early 2021 storms inTexas that causeda shutdownof several
semiconductormanufacturingplants. and globalproductioncontinueto adjust to address the shortage;
however, the shortagecontinues to negatively impact U.S. workers andconsumersandis a persistent
headwindto the U.S. economicoutlook. While the privatesector must take the leadinaddressingthe
shortagein the near term , U.S. governmentcanassist inmitigatingthe current shortageby facilitating
investment, transparency, andcollaborationwith industryandwithpartnersandallies.

The Department of Commerce should redouble its partnership with industry to facilitate

information flow between semiconductor producers and suppliers and end-users : In April,
the Department of Commerce launched an initiative to convene industry stakeholders along the

supply chain to increase communication and transparency . 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
this work , potentially leveraging the convening power of the Department of Commerce's Advisory

Committee on Supply Chain Competitiveness , Department of Homeland Security's Cybersecurity
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and InfrastructureSecurityAgenda’s Sector CoordinationCouncils, or otherefforts. Theprivate

sectorshould continue to play a leadingrole, includingthroughidentifyingways to incentivize
information-sharing across companiesin these supplychains.

The Administration should strengthen engagement with allies and partners to promote fair
semiconductor chip allocations, increase production , and encourage increased investment :

To date , U.S. government agencies have undertaken broad and high -level diplomatic outreach to
ensure fair chip allocation and to affirm that the semiconductor manufacturing 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 hoarding and other activities that will likely prolong the current shortage . The

Administration should also continue its commercial diplomacy promote investments by foreign
firms in the domestic semiconductor industry . Such efforts have recently yielded success , for

example resulting in the announcement of a partnership between the U.S. and South Korea to
increase the global supply of mature node chips for automobiles and support leading -edge

manufacturing in both countries .

Over the mediumterm , the Administrationshouldadvance the adoption of effectivesupply

chainmanagementandsecuritypractices by companies: Companies — bothsemiconductor

manufacturersand suppliers as well as in end-user industry sectors can reduce the risk that a natural

disaster or event can create a chokepoint that slows down or stops the entire supply chain. In
addition, as discussedin this report, due to the complex supply chains, semiconductors are at risk of

malicious insertions and counterfeiting. Specific recommendationsto address these risks are as
follows:

Companies should (1) make reasonable efforts to conduct scenario planning for disrupted

supply and diversify sources to includemultiple or lower-risk regions; ( 2) consider evolving

productdesigns to allow more flexibility in chip use; ( 3) have faster upgrade cycles in

products to reduce long-tail risk of strandedproducts;(4) ensure backward compatibility of

form and functionso that newer chips can be substituted for older ones; and (5) enter into

contracts that allow for options to adjust quantitiesbasedon unexpected changes in
demand.

To reduce the impacts of transportation and logistics issues , prior to making orders,
companies should create scenarios of risk-adjusted demand so that the different scenarios
can be factored 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.

NIST should continue to work with industry partners to identify 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 and unaltered during manufacturing and
distribution processes.

2. Advance Long- Term U.S. Leadership and Resilience by Fully Funding the CHIPS for America
Provisions in the FY 2021NDAA .

The Biden -HarrisAdministrationapplauds Congress for recognizingthe importanceof a robustdomestic

semiconductormanufacturingand researchand developmentcapabilityby authorizingthe bipartisanCHIPS
for America provisionsinthe FY2021NDAA. As an initialstep, Congressshould fund the CHIPS
provisionswithat least $50 billion infunding. Productionincentivesshould support U.S. leadershipin
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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 .

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 Commerce to award financial

assistance to private entities or public -private consortia to finance , construct , expand, or modernize
facilities to support semiconductor fabrication , ATP, and advanced packaging. These incentives should
support production across multiple 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 critical industries and defense needs,

and production of memory chips , which require support in the face of increased Chinese investment in
the memory industry.

Research and Development : Congress 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 commercialization . 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 funds can be used to continue or expand R & D in DARPA's Electronics Resurgence

Initiative, including for laboratory to fabrication programs. These efforts should be closely aligned with
the NSTC R& D programs and priorities.

Multilateral Fund: The NDAA authorized a 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 Department 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. Strengthen 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 undertake the following
measures to advance this goal

Invest inthe infrastructureneeded to supportsemiconductor manufacturing: Congress should
pass recommendations in President AmericanJobs Plan, which, in addition to the requests for

semiconductor research and manufacturing and for critical supply chain efforts, will drive U.S. demand
for semiconductors through investments in key semiconductor using industries — including power

generation transmission, clean energy, broadband, and electric vehicles — and, in turn, help incentivize
private sector investments. Inaddition, investments inclean energy and water sources should offset the
cost of energy for new semiconductor fabrication facilities – both are key inputs insemiconductor
manufacturing

Support private sector investments across the semiconductor manufacturing supply chain.

Congress shouldauthorize and fund incentives to support key upstream — including
semiconductormanufacturingequipment, materials, and gases — and downstreamindustries
throughout the supply chain. With additionalauthorized funds, the Departmentof Commerce

couldprovide financial support for such facilities, EXIMcouldpotentially provide loans or
loanguarantees for those facilities where there is a sufficient exportnexus, and SBA loans and

programs could supportsmalldomestic suppliers.
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SelectUSA services to foreign - located businesses of international and U.S. origins seeking to

invest in the United States can be used to attract investment in semiconductor manufacturing

supply chains. SelectUSA services include market research products like Research and
LocationsReport services, investment counselling, introductions to state-level Economic

DevelopmentOrganizations to assist with organizing land and associated infrastructure,
educational and matchmaking events, and assistance navigating the federal regulatory system.

Providefocusedsupport for domesticchipproductionrelatedto nationalsecurity needs:
DoD should support a study that analyzes SEE test requirements to determine whether
additional investments are needed for construction of new SEE test facilities.
With additional resources, DoD should increase investments to upgrade SEE testing

capacity at existing facilities to meet demand and through purchasing block -buys of SEE

testing
DoDshould invest in radiation hardened microelectronics data collection, storage, analytics

services to support a coordinated, centralized DoDSEE test resource management activities.

4. SupportSmallandMedium Size SemiconductorBusinesses, includingDisadvantaged
Businesses

Small and medium sized suppliers represent the majority of U.S. firms involved in semiconductor and related

device manufacturing and would benefit from specialized support to increase their market share and
resilience . Their needs are diverse , ranging from R & D funding to prove emerging technologies , financing to
support commercialization , and support in resisting predatory foreign acquisition practices . The
Administration should help businesses scale and connect to commercial production — including through

existing SBA programs — by targeting promising areas of the semiconductor supply chain , such as design ,
semiconductor manufacturing equipment, materials , production services , fabrication , materials, assembly , test
and packaging and advanced packaging. Further, the Administration should help commercialize new

technology by targeting investments to promising late- stage innovators .

R & D funding: The SmallBusinessInnovationResearch /SmallBusinessTechnologyTransfer
(SBIR /STTR) programshouldbe used in a consistentand coordinatedmannerby large FederalR & D

agencies (Departmentsof Defense, Commerce, Energy) to signalcommitmentandinterestinU.S.
innovationand emergingtechnologies, especiallyfor startupsand smallbusinessesinfields relatedto the
semiconductorindustry. This canbe used to establisha wide communityof practicethat intentionally
incorporatesinnovativesmall businesses, and expandsconnectionswithAcceleratorsat universities,

includingat historicallyblack college and universities(HBCUs) and minority-servinginstitutions( ,
to pull technologyforward.

Supportfor commercialization: Promisingsmallbusinessesshouldbe supportedby Federalagencies

to scale their businesses, connectingthese firms to the commercialvaluechain via a clearlymapped
growthchain.”

Addresscapitalneedsfor growth: SBAshouldassistU.S.small semiconductorfirms by drawingthe

attentionofprivateinvestorsinthe SmallBusinessInvestmentCompaniesprogramas a potentialsource

of debtand equityinvestment; andassistingthesefirms in makinguse oflow-cost loanprogramsto
obtainworkingcapital, build inventory drive domesticdemand, buy out foreignownersandinvestors,
financeequipmentpurchasesandexpandfacilities.

EXIMcan also assist withcapitalneeds: EXIMcould provide loans or loan guaranteesfor capital
investmentfor those facilities where there is a sufficientexportnexus and provideloansandloan
guarantees for exportedU.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 should make 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 employers work in partnership with
training providers , intermediaries , labor unions and community -based 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 bargain collectively .

The Department ofLabor's ) Employment and TrainingAdministration (ETA ) should
support sector-basedpathways to jobs in the semiconductor industry. To that end, ETA
should continue to provide training grants and tools to partnerships that prepareworkers for high
skill employment, including:

ETA should provide H -1B Skills Training Grants , which support training partnerships in
key fields, which can include semiconductor manufacturing. These grants should target
veterans , military spouses , transitioning service members , and underrepresented populations in
the applicable sectors , including women , people of color , justice -involved individuals ,
individuals with disabilities , and other populations with employment barriers that hinder

movement into middle- to high -skilled H - 1B occupations .
The Administration should use ETA funds to work with industry and labor , community

colleges , and non -profit partners to support pathways to semiconductor employment through
its Registered Apprenticeship programs. Through industry and labor -driven partnerships ,
apprenticeships provide high - quality career pathways .
ETA should continue to promote and provide technical assistance on the use of

semiconductor industry -related competency models, such as the Advanced Manufacturing
Competency Model developed in collaboration with SEMI and other subject -matter experts .
Inconsultation with ETA , SEMI is currently developing an additional level of detail for the

Advanced Manufacturing Competency Model, describing the industry -sector technical
competencies specific to the semiconductor sector . In the coming months , ETA plans to
publish the updated model on its Competency Model Clearinghouse website .

The American Jobs Plan creates The Sectoral Employment through Career Training for
Occupational Readiness program . Congress should fund these investments , which will be

targeted to high -growth industries and sectors such as semiconductor manufacturing .
Investments will support the formation of sector partnerships , development and scaling of
sector training programs, and establishment of sector -focused career centers . The program
will also provide supports to modernize the delivery of training, including using on -line
modalities . The Department of Labor will make grants to consortia of workforce system

entities , education providers , employers industry groups , labor -management partnerships,

community -based organizations , and unions. Investments can also be used to provide
wraparound services and supports to help workers successfully 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
DoD should invest in a strategic Public -Private - Academic partnership workforce development
model with a focus on 1) tailored curriculum to meet defense microelectronics talent needs ;

and 2) recruitment into the defense industry base and U.S. agencies.

Retain and support 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. universities . Concurrent with funding

semiconductor production incentives , Congress should address the immediate need for high -skilled
semiconductor workers , including engineers and computer scientists , by increasing the number of
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high -skilled visas, eliminating limits on employment-based visas by country and exempting highly
skilled STEM talent from employment-based visa caps. Congress should pass the U.S. Citizenship
Act proposed by President Biden on January 20, 2021. Relevant measures of the bill:

Increases the total number of available of employment-based visas and exempts spouses and
minor children visa -holders from green card caps . By increasing the number of visas issued

annually , and recapturing unused visas, the bill will clear the employment -based visa backlog
and reduce wait times that can stretch decades .

Eliminates per - country visa caps to ultimately increase opportunities for high -skilled persons
from larger nations like China and India.

O

Builda diverse pipeline ofengineers and computer scientists, which require years of STEM
education:

Congress should invest in evidence -based 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 access to computer 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 in-demand sectors , inc programs that leverage partnerships between

schools , community colleges and employers .
Congress should increase investments in the institutions with a track record of closing racial
inequities in STEM fields. HBCUs and Tribal Colleges and Universities ( TCUs), and

such as Hispanic -serving institutions and Asian American and Native American Pacific

Islander -serving institutions collectively enroll more than 6 million undergraduate students ,
of which 4 million are students of color . Appropriations should : include research and
development grants specifically for HBCUs , TCUs , and MSIs ; ensure students at HBCUs ,
TCUs , and MSIs have state of the art equipment , including upgraded brick -and-mortar
laboratories and computing capabilities and networks; create 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 allies and partners in support of a more resilient global semiconductor supply chain
and shared benefits additional research and development, beginning with the countries that are most
integral to global semiconductor manufacturing. Specific recommendations are as follows:

The DepartmentofCommerce 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 research and development 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 Quadrilateral Security Dialogue (UnitedStates, India, Australia, andJapan ),
which recently announced a dialogue on semiconductor supply chains, and through bilateral

engagement with the Republic of Korea facilitate mutual and complementary investment in
semiconductors.
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7. ProtectU.S.TechnologicalAdvantageinSemiconductorManufacturingandAdvanced
Packaging Supply Chain

Ensure that Export Controls Support Semiconductor Manufacturing and Advanced Packaging

Supply Chain : Export controls protect U.S. national security 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:

The Administrationshould target and implement export controls that can supportpolicy
actions to identifyand address vulnerabilitiesinthe semiconductormanufacturingand
advancedpackaging supply chain.

The Administrationshould target and implement export controls on critical semiconductor
equipment and technologies to address certain supply chainvulnerabilities. The
Administrationshouldalso makeefforts to collaborate and coordinatewith key supplier
allies and partners on effective multilateralcontrols. Together, such controls will protect
U.S. nationalsecurity interests by limiting advanced semiconductor capabilities in countries
of concern while enabling continuedleadership of the U.S. semiconductor sector.

Continue to Ensure ForeignInvestmentReviews for NationalSecurity Considerationsinthe

SemiconductorManufacturingandAdvancedPackagingSupplyChain: Similar to export controls,

reviewsof semiconductorindustry -related foreign investment transactions by CFIUS include analysis of

the threat, vulnerabilityand potentialnationalsecurity 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 insupply chains with nationalsecurity implications. Specific recommendationsare as
follows:

Inconducting 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 identified in this report.

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 regarding industry and acquisition

trends and threats as well as to encourage allies and partners to implement robust national
security-based investment screening regimes. These interagency efforts will continue to
implement the strategy to build their capacity to review , mitigate, 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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ABBREVIATIONS

ASICS - Application-Specific Integrated Circuits
AI - Artificial Intelligence
ATP - Assembly, test, and packaging

CTE - Career and Technical Education
CSET - Center for Security and Emerging Technology
CPU - Central ProcessingUnit

CHIPS - Creating HelpfulIncentives for Production of Semiconductors
CFIUS - Committee on ForeignInvestment in the United States

CAGR - CompoundAnnual GrowthRate
DUV - Deep Ultra Violet lithography
DOL - Department of Labor

DARPA - Defense Advanced ResearchProjectsAgency
DOD- Department of Defense
DMEA - DefenseMicroelectronics Activity

DRAM - DynamicRandomAccess Memory
EDA - ElectronicDesignAutomation

EPEAT - Electronic Product Environmental Assessment Tool
ETA - Employment and Training Administration
EU - EuropeanUnion

E.O. - Executive Order
EXIM - Export-Import Bank of the UnitedStates
EUV - ExtremeUltraviolet lithography

FPGA - FieldProgrammable Gate Arrays
FY - FiscalYear

F-GHG- FluorinatedGreenhouseGas
GaAs - Gallium Arsenide
GaN- Gallium Nitride

GPU- Graphics Processing Units
HBCUs - HistoricallyBlack Colleges and Universities
IT - Information Technology

ISA - Instruction Set Architecture
IDM - IntegratedDevice Manufacturer

IP - IntellectualProperty
IoT - Internet of Things
LiDAR- Light Detectionand Ranging

MEP - Manufacturing ExtensionProgram
MOCVD - MetalOrganic ChemicalVapor Deposition
MEMS - MicroelectromechanicalSystems

MSIs - Minority-ServingInstitutions
nm- Nanometer

NDAA - National Defense AuthorizationAct
NIST - NationalInstitute of Standards and Technology
IC - National IntegratedCircuit Fund(China)

NSTC - NationalSemiconductor Technology Center
NAICS - NorthAmerican IndustryClassification System
NOI - Notice of Inquiry

OECD - Organizationfor Economic Cooperation and Development
OSAT - OutsourcedSemiconductor Assembly and Test

R&D- Research & Development
STEM - Science, Technology, Engineering, and Math
SIA - Semiconductor Industry Association

SME - Semiconductor ManufacturingEquipment
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 - State-owned Enterprises
TSMC - Taiwan Semiconductor Manufacturing Company

TEL - Tokyo Electron
TCUs - Tribal Colleges and Universities
USB - Universal Serial Bus

USPAE - U.S. Partnership for Assured Electronics
WTO - World Trade Organization
YMTC - Yangtze Memory Technology Company
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EXECUTIVESUMMARY

High-capacity batteries – used in electric vehicles (EVs), for stationary storage, and for many defense
applications – offer an important and growing market that can support the creation of American jobs, help
meet our national security needs, and bring ambitious 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 investment in the clean economy, and the pandemic has underscored the fragility of some U.S.
supply chains. China and the European Union (EU) – incontrast to the U.S. approach – have developed and

deployed ambitious government-led industrial policies that are supporting their success across the battery
supply chain. China has also moved beyond conventional policy support with practices involving
questionable environmental policies, price distortion through state-run enterprises to minimize competition,

and large subsidies throughout the battery supply chain. However, the opportunity for the 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 opportunities.

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 use high-capacity batteries. Strong demand for end

products can unlock benefits from co-location (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 high-capacitybattery supply chain consists of five mainvalue chain steps including:1) raw material

production, 2) materialrefinementandprocessing,3) batterymaterialmanufacturingandcell fabrication,4)

batterypack andend use product manufacturing,and 5) batteryend-of-lifeand recycling. Coordinated

government and private sector action is requiredacross all five stages, as gaps can undermineefforts to secure

the supply chain. For example, if the UnitedStates increases batteryrecyclingratesand not processing

capacity, recycledminerals will be exportedfor processingonly to be re-importedat a later supply chainstep.

This report highlightscriticalmaterialsfor high-capacitylithium-ionbatteries– particularlyClass I nickel,
lithium,andcobalt – as primaryupstreamsupplychainvulnerabilities. Forraw materialproduction,the first

supply chainstep, wheredemandcan’t bemet throughalternativemeans andsecondarysources (e.g.,
increasingrecycling,potentiallysourcingfromminewaste, identifymineralsubstitutes,etc.), the publicand
privatesectorshouldconsider increaseddomesticproductionwhenstrong labor standardsandimportant

environmentalandculturalprotectionsareappliedto supporteconomicallyviable domesticextraction. New
responsibledomesticextractionshouldfocus oncriticalmaterialswherethe U.S.has knownreserves
significantenoughto establishan economicbasesupply. Forexample, lithiumcouldbe a potentialpriority

for increaseddomesticextractiongiventhe UnitedStatesholds 3.6 percentof the knownglobalreserves,
whichcouldsatisfy2020global lithiumdemandfor morethan8 years. New raw mineralminingmust be
heldto modernenvironmentalstandards,requirebest-practicelabor conditions,andconduct rigorous

communityconsultation,includingwithTribal nationsthroughgovernment-to-governmentcollaboration,
whilerecognizingthe economiccosts of wastetreatmentandprocessing. TheFederalGovernmentin
collaborationwiththe privatesector must alsocontinuea strategyof ally and partnerengagementto diversify

internationalsourcesandpromoteinternationalenvironmentalandlabor standards.

For the secondsupply chainstep of refiningandprocessing,the UnitedStates has an evenmore significant

deficit than inraw productioncapacity as criticalminerals minedinthe UnitedStatesare oftenexportedfor

processing. IncreasingU.S. processingcapacityalone wouldbolster the supply chain, and coupledwith

recycling,is the most promisingpathwayto securing the supply chainfor minerals where the UnitedStates

does not havesignificant reserves from whichto extract. For example, China’s strong supply chainposition

stems, in largepart, fromstate investment inprocessingandmanufacturingrather than an inherent advantage

inreserves for most materials.
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The thirdstep focuses on manufacturingbatterymaterialsandcell fabricationandthe fourthfocuses on pack
fabrication. Forbatterymaterialmanufacturingand cell fabrication, the UnitedStates has less than 10

percent of globalmarket sharefor capacity across allmajor battery componentsand cell fabrication.
Comparatively,China has over 75 percent of global cell fabricationcapacity– largelydrivenby state
investmentin raw materialprocessing,componentandcell manufacturing,andEV deploymentsupport,

among other state interventions.For battery pack manufacturing,the UnitedStates has built up a
manufacturingfootprint largelyto serviceNorthAmericanEV productiondemand;however,the United
States still lags behindother markets as domesticdemandcomprisedonly 12percent of global EV demandin

2020comparedto roughly40 percent inChina and40 percent across Europe. Federalfunding for cell and
pack manufacturingcapacitycan createthe market conditionsto catalyze greater private sector investmentin
this growingmarket.

Finally, the fifthsupply chainstageof batteryend-of-lifeis closely tied to the early stages of the supplychain.

This stage canoffset the needfor new miningby increasingrecyclingand recoveryof critical materials from
productsat the endof their life, offeringanotherdomesticsourceof criticalmaterials.
CoordinatedU.S. investmentand policysupport to stimulateendproduct demandandbuild out the full end-

to-endsupplychainwill be criticalto securingandadvancinga competitivepositionfor the UnitedStatesin
the global battery supplychain. The recommendationspresentedinthis report will translateto well-paying
Americanjobs andwill strengthenthe U.S. energy,automotive,anddefensesectors. The recommendations

include:

STIMULATE DEMAND FOR END PRODUCTS USING DOMESTICALLY MANUFATURED

HIGH-CAPACITY BATTERIES

Support Demand for Batteries in the Transportation Sector:

• Electrify the Federal vehicle fleet and state, local, and Tribal government fleets

• Electrify the U.S. school bus and transit bus fleets

• Support “Point-of-Sale” rebates for consumers and a tax credit for medium and heavy-duty vehicles,
with a preference for U.S. content

• Support the build out of EV charging infrastructure
• Support strong energy efficiency and tailpipe emissions standards for all vehicles

Support Demand for Batteries for the Utilities Sector:

• Accelerate Federal battery storage procurement

• Expand the Internal Revenue Service (IRS) Investment Tax Credit (ITC) to include stationary
storage as a stand-alone resource

• Institute power transmission regulatory reform to support renewable power and stationary energy

storage

STRENGTHEN RESPONSIBLY-SOURCEDSUPPLIES FORKEY ADVANCED BATTERY
MINERALS
Invest in targeted, mineral-specific strategies:

• Support sustainable domestic extraction and refining of lithium

• Support nickel and cobalt recovery from recycled and unconventionalsources

• Invest innickel refining in coordination with allies

• Identify opportunities for supporting sustainable production and refining of cobalt

• Work with allies and partners to expand global productionand ensure access to supplies
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Raise labor and environmental standards across the board:

• Develop strong environmental review permitting practices for the extraction of lithium, nickel,

cobalt, and other key high-capacity battery minerals

• Leverage Federal investment to incentivize sustainable practices

Increaseresilienceby strengtheningU.S.recycling:

• Establisha nationalrecoveryandrecyclingpolicyto proposetargetedincentivesfor recycling,stand

up a batteryrecoveryand recyclingtask force, andensurerecyclingandprocessingmeet the highest
environmentalstandards

PROMOTESUSTAINABLEDOMESTICBATTERYMATERIALS,CELL,ANDPACK
PRODUCTION
CatalyzePrivateCapitalwith GrantsandLoans:

• Enactnew Federalgrant programsto catalyzeprivatecapital

• Leveragethe Departmentof Energy’s(DOE’s)AdvancedTechnologyVehicleManagementLoan
Program

Introduce Supportive Tax Credits:

• Revitalize IRS 48C manufacturing tax credits

• Revive and expand Section 1603 of the American Recovery and Reinvestment Tax Act (ARRTA)
program to support small manufacturers in the batteries, cells, and related material processing supply

chain

LeverageFederalProcurementandFinancialAssistance:

• StrengthenU.S.manufacturingcommitmentsin Federally-fundedgrants, cooperativeagreements,

andresearchanddevelopment(R&D)contracts

INVEST INTHE PEOPLE AND INNOVATIONS THAT ARE CENTRAL TO MAINTAING A

COMPETITIVE EDGE

• Invest in the Next Generation of Battery and EV Industry Workers:

• Develop the workforce needed for the growing battery manufacturing industry

• Include labor standards as a condition on production subsidies to empower workers and support
their free and fair choice to organize

Increase Funding for R&D to Expand Uptake and Reduce Supply Chain Vulnerabilities:

• Increase support for R&D to reduce battery cell costs, enhance performance, and reduce dependency
on key critical materials

• Create a Manufacturing USA Institute for high-capacity batteries
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INTRODUCTION

The high-capacitybattery market is arguably one of the most criticalto our Nation’s interests. The cost per
kilowatt-hour(kWh)of lithium-ionbatteries has declinedmorethan 80 percent over the last decade, and this
cost decreasehas made these batteries very attractiveto new and growing marketsincludingthe electric
vehicle (EV) and stationary storagemarkets. The cost reductionhas been, andcontinuesto be, drivenby
advances inmaterialtechnology,cell manufacturing,andeconomiesof scale. Demandfromthe EV and
stationarystoragemarkets is projectedto increasethe size of the lithiumbattery market by another factor of
five to ten by 2030. As a result, industryandnumerousgovernmentsthroughout the world haveidentified
lithium-ionand more advancedlithium-basedbatteries as critical enablingtechnology for success inthe next
generationcleanenergymarketplaceand for achievingvital economic,energy, nationalsecurity, andclimate
priorities.

Many governmentsandgovernmentcoalitions haveadopted coordinated, government-ledstrategies and
industrialpolicies to advance their high-capacitybatterysupplychainthat significantlydisadvantagemarkets
that do not take a coordinatedapproach. Inthe EuropeanUnion(EU),policiesenacted to meet climate
change goals, includingthe EV sales mandatesand the BatteryDirectiveonRecycling,shouldcreate
additionalpressureon industryto acceleratethe timeline for EV adoption. Incontrast, China has positioned
itself as a market leader inthe manufacturingsupply chain throughthe practice of questionable
environmentalpolicies, pricedistortion,state-runentitiesthat minimizecompetition, and largesubsidies
throughout the batterysupply chain.

Therefore, it is criticalfor the UnitedStates to leverageour leading positioninresearchanddevelopment
(R&D)of new technologieswith a comprehensiveset of domestic and internationalinitiatives to accelerate
commercializationthroughout the batterysupply chain. This strategywouldtranslateto well-paying jobs
throughout the UnitedStates andrepresentsa once-in-a-generationopportunityto position the UnitedStates
as a global leader inthe manufacturingof energy storagematerials and technologies to protect boththe
environmentandour economic andnationalsecurity interests.

For this report, “high-capacity”cells are defined as having a gravimetric energy densityof 200 watt-hourper
kilogram(Wh/kg)or greater. For reference,the Tesla Model3 uses cells that deliver 240 Wh/kg,andmany
other commerciallyavailableEV batterycells approach that capacity, so 200 Wh/kgand aboveis well
inclusiveof the rangeof current technology. Lithium-ionandrechargeablelithiummetalanode batteries,
hereafter referredto as “lithiumbatteries,” comprise the overwhelmingmajorityof both the present and
future of this high-capacitybattery market. Sodium-ionandother battery technologiescouldplay a role in
future stationary/gridmarkets, andpossiblyfor automotiveapplications. However,their uncertainadvantage
over lithium-ioninperformanceandcost, the dominanceof lithium-ionincurrent deployments,the
multibillion-dollarcapital cost investmentrequirementto establisha position in this market,and the relative
immaturityof competingtechnologiesargues infavor of the incumbent lithium-iontechnologyremainingthe
dominant force for the near and intermediateterm.

DownstreamMarketOverview:ElectricVehicles

Withthe increasingelectrificationof the U.S. transportationsector, employment is alreadygrowing in the EV
market,withelectrichybrids,plug-in hybrids,and allEVssupporting198,000U.S. employeesin2016,1and
242,700 U.S. employees in2019.2

1U.S.Department of Energy, “2017 US Energy and EmploymentReport (USEER),” January 2017. Accessed

November 9, 2019.
2 U.S.Department of Energy, “2019 US Energy and EmploymentReport (USEER),” January 2019. Accessed

March 31, 2021.
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The automotiveindustrywill likelydrive the demand for batteries. Bloombergprojects worldwidesales of 56

million passenger EVs in2040, of which17percent (about 9.6 millionEVs)will be in the U.S. market.3 Ifall

batteries for Bloomberg’sprojected9.6 millionU.S. passenger EVs were manufacturedabroad, that would

result inroughly$100 billionin imports.4 Hence,capturing this market is imperativefor the futureviability

of the U.S. auto industry,whichhistoricallyhas contributed5.5 percent of the total annual U.S. gross

domesticproduct (GDP).5

As seenin Figure1, globallithium-ionbattery demandinall market segmentsis projectedto grow in the
comingyears, withpassengerEVs dominatingthe market. The value of the EV batterymarket,assuming

$100/kWhEV batteries,is expectedto beover $50 billionin2025. EVs are a criticaldriver of the demand
for high-capacitybatteriesand are the primarymarket focus whenassessingthe needfor domesticbattery
manufacturing. Roughly3.1millionEVs weresoldgloballyin2020 representingover 40 percentgrowthover

2019volumes,while overallvehiclesales contracted15 percent for the year due to COVID-19.6EV sales are
concentratedinmarketswith significantgovernmentinitiatives(e.g.,mandatesandincentives)for production
andpurchaseof EVssuch as EuropeandChina,whicheach hadroughly40 percentof 2020 globalEV sales.

The U.S.markethadroughly12 percentof globalEV sales in 2020, as shown in Figure2 (showingEV sales
inthe five countrieswiththe top sales). China ledsales in the last five years and hadover 50 percentof

global sales in 2017 and2018. Policy drivers are closelylinkedto sales patternsbecauseEV batteriesremain
relativelyexpensive,makingEV powertrainsdifficult for manufacturersto selloutsideof incentivized
marketstoday. Batteriesare estimatedto comprise50 percentof the vehicle cost for some earlier EV

models;however,EV batteries,specificallylithiumbatteries,havebeen decliningin cost.7 Dueto steadily
falling prices,industryanalystspredict that by 2030 globalcellproductionwillbearound2,000 GWhwith the
vast majorityaimedat vehiclesales.8

3 BloombergNEF,ElectricVehicle Outlook 2019. May2019. https://about.bnef.com/electric-vehicle-outlook/.

AccessedMarch15,2021.
4 AssumeseachEV will havea 100 kWh batterypack producedat $100/kWh,makingthe cost $10,000 per battery

pack. The $100B market is basedon $10,000 per pack andapproximately10MEVssold in 2040.
5 Alliance for AutomotiveInnovation,“Drivingthe U.S. Economy,”2020.

https://www.autosinnovate.org/initiatives/the-industry.AccessedApril27,2021.
6 IEA – InternationalEnergyAgency. “Howglobal electric car sales defied Covid-19in2020”. January28,2021.

https://www.iea.org/commentaries/how-global-electric-car-sales-defied-covid-19-in-2020.AccessedMay 2,2021.
7 BloombergNEFestimates the 2010priceof lithium-ioncells was roughly$1,100/kWh.This puts the estimated

price of the cells alone in the original16kWhChevroletVolt battery pack at around$17,600. That amountwas
nearlyhalf the Volt’s suggestedretail price at the time.

BloombergNEF,“BatteryPackPricesFallas MarketRamps UpWith MarketAverage At $156/kWhIn2019”.
December3, 2019. https://about.bnef.com/blog/battery-pack-prices-fall-as-market-ramps-up-with-market-average-

at-156-kwh-in-2019/?sf113554299=1.AccessedMarch30,2021.
8 BloombergNEF,Electric Vehicle Outlook 2020. https://about.bnef.com/electric-vehicle-outlook/.AccessedApril

27,2021.
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Figure 1. Worldwide anticipated use applications of lithium - ion batteries.
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Downstream Market Overview : Stationary Storage

The market for stationary storage is also projected to increase substantially in the next 10-20 , 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 technologies that can both absorb
excess low-cost generation and contribute to supply during times of peak demand will increase as well. While
vehicles are likely to be primary driver for lithium batteries, stationary applications create additional
market applications for high -capacity lithium batteries , in particular those requiring four hours of continuous
discharge or less .

Battery stationary storage systems , or non-motive battery systems connected to the electric grid or distributed

to support a commercial , industrial, or at-home site , are growing at non-linear rates . In the third quarter of
2020, the United States added 578 megawatt -hours (MWh) of energy storage capacity , an increase of 240
percent over the previous high set in the previous quarter (second quarter of 2020 ) Lithium -ion batteries

-Term Electric Vehicle Outlook 2019. Available for purchase.
https://about.bnef.com/electric vehicle -outlook /. Accessed March 5, 2021 .

1 BloombergNEF , Interactive Datasets : Electric Vehicles , “ Electric Vehicle Sales by Country ; accessed : May 3 ,
2021.

11 https://energystorage.org/us-energy-storage-market-shatters-records-in-q3-2020/
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accountedfor 99 percent of the added MWh. Globalcapacity estimates vary by sourcebut installed
stationarybatterystorage capacity is projectedto grow from 8 gigawatt-hours (GWh) in2018 to 155GWh in
2030, a nearly twenty- fold increase.12 , Korea,Japan,and the UnitedStatesare the three largest
globalmarkets for stationarybattery storage, respectively. Over the next two years, the UnitedStates is
projectedto becomethe largestglobal market for stationarystorage, and by 2050, China, the UnitedStates,
and Indiaare projectedto be the three largestglobal markets.13

Global drivers for battery storagedeploymentsfor the electric gridvary by location, and policies such as
mandates, regulatory reformand incentivesare currently the main market drivers. However, as the levelized
cost ofelectricityfor battery storage systems continues to decrease, battery storagewill increasinglydisplace
other electricgrid assets on a cost-competitivebasis.14 Thereare alreadydiscrete examples where battery
energy storageis cost competitive, such as peakingplant replacement15, 16 dieselgenerator replacement,
capacityand resource adequacy, and as an asset to provide ancillary services.18

Withgreater durationrequirementsand less stringent densityandweight constraints, non - lithium storage
technologiesmay emerge as the mostcost- effective long-term solutions for stationary storage. Stationary
energy storagecan benefit the electricity gridby providingmany services to facilitate the use of intermittent

renewableenergy sources,servingremote communities, supportingelectrificationof transport and other
sectors, increasingresilience, optimizingenergy productionand usage, and servicingcriticalservices like
healthcare. Lookingahead through 2030, the materials for lithiumbatterystationary applicationsare expected
to use largely the same materials as EVbatteries, withmodifiedcell designandbatteryvoltage utilization
changesto meet specific requirements.

DownstreamMarketOverview : DefenseApplications

Establishingandprotectinga high -capacity batterymanufacturingcapabilityinthe UnitedStates, as well as in
allied and partner countries, is critical to U.S. nationalsecurity and is essential to developingresilientdefense
supply chains that are notunder threat from potentialadversaries. While the supply chainsecurityof
minerals, materials, andcells is ofconcerntoday withinthe DepartmentofDefense(DOD), the rising

demand and diversity ofapplicationsfor lithiumbattery technologiesmakethe future strategic concerns even
more important. To meetmaritime, surface, undersea, space, air, and ground operationalrequirements,
DODwill need reliable andsecure advancedbattery technologies.

Given the current and projectedgrowth in the lithiumbattery market, and the critical strategic importanceof
storagetechnology, it is not surprising that so manyorganizations, fromcompanies to countries and

economicunions, have identifiedbattery productionand its associatedsupply chains as areasofgreat
importance. China in particular has created a distorted supply chain landscape through non-marketor
governmentinterventionfrom state-controlled firms, both domesticallyand in developingeconomies. This
includes massive subsidies for raw materialprocessingand cell productionas well as an estimated $ 100billion
plus in direct governmentsubsidies for EVs in the last 10 years, according to one estimate. Given the similar

13
12 Bloomberg New Energy Finance , 2019 Long -Term Energy Storage Outlook , July 31, 2019, page 60.
BloombergNewEnergyFinance, BatteryStorageDatabase, AccessedFebruary19, 2020.

14 https://www.nrel.gov/docs/fy19osti/73222.pdf
15 Institutefor EnergyEconomicsandFinancialAnalysis, “ NewYork lookingat battery storageto replacenatural
gas peakerplants”, July 9, 2019. https://ieefa.org/new-york-looking-at-battery-storage-to-replace-natural-gas
peaker-plants/ . Accessed April 14, 2021.

RenewableEnergyWorld. “ MinnesotaUtilitiesWeighEnergy Storage as Substitutesfor PeakerPlants July 16,
2019. https://www.renewableenergyworld.com/2019/07/16/minnesota-utilities-weigh-energy-storage-as-substitute
for-peaker-plants/# gref. AccessedApril 14,2021.
17 ClimateAction, “ Tesla to ReplaceBackup DieselGeneratorswith200 BatterySystems on the US Islandof
Nantucket, November10, 2017. http://www.climateaction.org/news/tesla-to-replace-backup-diesel-generators
with -200-battery-systems-on -the-u /. AccessedApril 14, 2021.
18 EnergyStorageNews, “ Germanstoragesystemprovesbatteries profitablewithout subsidy 20,2019.
https://www.energy-storage.news/news/german-storage-system-proves-batteries-profitable-without-subsidy.
AccessedApril 14, 2021.
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history of Chinese non -market intervention in the solar and rare earth industries, and China's stated
intentions in the in China 2025 initiative, there is cause for concern that, without a proactive response
from the United States, this growing field will face those same challenges. Government in concert with the
internationalcommunity.19

Industry actors along the supply chain have indicated that cell production will largely follow demand for EVs.
The heavy weight of cells and the fact that they are classified as hazardousmaterials makes transportation
expensive and creates co -benefits from locating these stages of the supply chain near end-product
manufacturing. Inaddition, automotive productiondepends heavily on just-in -time delivery aimed at
reducinginventory costs and enabling ongoing quality improvements. Content requirements under trade
agreements, like the United-States-Mexico-Canada Agreement (USMCA), offer further incentives to localize
battery production. The high regional content levels under USMCAmeancompanies must have qualified
productionof both cells and finished batteries to receive tariff preference. However, domestic end-product
demand is necessary, but not sufficient absent coordinatedpolicy across the full supply chain, to drive
domestic production.

are many emerging lithiumbattery technologies, such as lithiummetalanodes, solid- state batteries,
silicon anodes, and next generationcathodes that promise improved performance and could potentially alter
the supply chain landscape. For years, U.S. institutions have been at the forefront of advanced cell research,
often to see the technology purchased, scaled- up and commercially deployed overseas. U.S. leadership in
R& D presents an opportunity to establish domestic productionof future battery technologies, thus allowing
the States to leapfrog our competitors in the battery cost, performance, and manufacturingrace. To
help organize a coordinatedresponseacross different government stakeholders, the Department of Energy
(DOE helped establish the FederalConsortiumfor Advanced Batteries (FCAB , which is led by the DOE,
DOD, DepartmentofCommerce Commerce), and DepartmentofState (State), and includes many
organizations across the Federal Government. This initiative, currently chaired by DOE,will work to
develop a detailed framework includingperformance metrics, domestic supply, and other factors for
screening emergingmaterial supply chains for vulnerabilities and opportunities.

Inthe event ofa supply chain disruption for any of the critical inputs that battery manufacturers rely on to
make high -capacity batteries, the automotive industry, defense supply chain, and the power sector would
experience the most direct impacts. All three sectors rely on batteries either within critical products (e.g.,
EVs) or as a final product itself (e.g., stationary storage.

MAPPINGOFTHE SUPPLYCHAIN

To understandthe vulnerabilitiesandopportunityspacein the lithiumbatterymarket, the value chain
segmentsfor the lithiumbatterysupplychain ecosystemmustbe defined(Figure3) . Creatinga

comprehensive, coordinatedapproachto secure eachvaluechain segmentwill help minimizethe riskof

manipulationwhile maximizingthe domesticeconomicimpactof eachbatterydeployed, regardlessof the end
application

Raw materials production : This stage covers the production of battery materials including from brine,
clay , seawater , and rock deposits . Each deposit type has particular methods for extraction 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 batteries , apart from some lithium extraction and refinement, occurs abroad today.

Materials purification and refinement: This stage , also referred to as “ processing ” , covers the activities

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 important in battery technology because

19 Center Strategic and International Studies, “ The Coming NEV War? Implications of China'sAdvances in Electric
Vehicles ” Scott Kennedy, November 18, 2020. https://www.csis.org/analysis/coming-nev-war-implications-chinas
advances-electric vehicles. Accessed April 27 , 2021.
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the material purity required inbatteries 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 raw materials

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 natural advantages . 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 .

Processedmaterialand cellmanufacturing: This stageincludesthe steps oftaking processed
elementsandcombiningthem for integrationinto a batterycell. This includescathodeand anode

powderproduction, electrolytemixing, separatorproduction, binderandconductiveadditiveproduction,

andelectrodeandcellmanufacturing. This is the first step in the processwhere marketpullbeginsto
significantlyfavorco -locationwiththe end-product.

Pack and end useproductmanufacturing: Batterypack and end useproductmanufacturingfocuses
on takingthe manufacturedcellandassemblingit in the finalbatterypackassemblywith the necessary

cellbalancingandpower electronicsequipment. Fromthere, it is integratedintothe final manufacturing
step where the finishedbatterypack is integratedinto anendproduct(e.g., anEV). TheUnitedStates is
well positionedto buildonstable pack manufacturingcapacity within the growingbattery market. For

packmanufacturing, this area has historicallybeenwhereprecompetitiveadvantageis established
betweenautomotiveoriginalequipmentmanufacturers(OEMs) to integrateadvancedcell technology
withproprietarydata, andtypically attracts the most privateinternalindustry investment.

End of -life: This stage 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 have a useful 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 manufacturing

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 processing costs . Transportation and disassembly costs
together account for over half of the end -of-life 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 ifpaired with growth
at various stages of manufacturing. Without a footprint in the earlier stages of manufacturing ( including

materials processing, as as electrode , cell and pack manufacturing ), intermediate recycled products
will be exported to markets / countries that have these capabilities .
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Figure 3. Lithium -Based BatterySupply 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 supply risk, including market manipulation, requires an end-to -end
coordinated supply chain strategy . Currently, the United States has limited raw material production capacity
and virtually no processing capacity. Without processing capacity the United States exports the limited 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 the United 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 from the reliance on 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 majority of the material 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 evolving makeup of these batteries

present a challenge for sustained revenue-positive 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 material in lithium batteries accounts for less than 33 percent of all materials in the batteries ,
compared to the historical precedent for recycling where approximately 65 percent of a lead -acid battery came
from lead.
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The mainelements used in current and emerging lithium batteries are:

Current collectors Aluminum , Copper

Cathode materials: Lithium – and may include a combination ofNickel, Cobalt, Manganese, Iron,
Phosphorous, Aluminum , or Sulfur

Anode Graphite (Carbon ), Silicon, or Lithium (metallic foil)
Electrolyte: Lithium , Phosphorous , Fluorine

Of these, lithium , Class 1 nickel, andcobaltare consideredthe most critical mineralsusedinthe production
oflithiumbatterieswhenapplyingthe followingmethodologyto assess the criticality of the materials:

(1 Importance: Theshort- termmarketdependenceon this elementandhowlikely that dependencewill
stay the same or improve in the future .

(2) Substitutability: How easily an element can be replaced quickly for integration into an established
battery manufacturingline without significantly decreased performance.

(3) Potentialfor U.S. competitiveness: Likelihood for the United States to achieve competitiveness in this

area in the future based on the current market and relative maturity to the incumbent state of the
art.

Graphite, manganese, andcopper representadditionalelementsof note and requiremonitoringdespite being
consideredless criticalthan the three elements emphasizedabove. These additionalmaterialshave supply
chain challengesbeyondthe three criterianotedabove.

The list ofbattery criticalmaterialsaddressedin this documentdiffers from the FederalList of Critical
Minerals. The distinctionsare driven by the authors' specific focus on the lithium -ion batterysupply chain,

whichrequires a higher considerationandweightingfor futurerelianceand supply chain quality measures.
Therewas extensiveconsultationwith industryto arriveat these conclusions.

There are several distinctions between the methodology used to determine the battery critical materials for
this report and that used by the Department of Interior (DOI) and interagency, of which DOE was a
member,20 to develop the Federal List of Critical Minerals.21 The Federal list uses a supply - side methodology

and generally evaluates mineral commodities in the upstream supply chain. One major difference is that this
report evaluates a higher emphasis on the quality the supply chain specific to elements used in batteries .
The net result of the evaluation used in this report is the inclusion of class 1 nickel, and the de- emphasis of

graphite and manganese as materials of greatest concern compared to other more generalized U.S.
government assessments . The de-emphasis for 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 countries of origin make it less of a concern .

Cobalt received the lowest quality supply chain score of all elements, largely due to the alleged mining

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 is considered critical.

20 USGS, “DraftCriticalMineralList of Methodologyand BackgroundInformation . Geological

Survey TechnicalInputDocumentinResponseto SecretarialOrderNo. 3359 , 2018.

https://pubs.usgs.gov/of/2018/1021/ofr20181021.pdf. Accessed14April2021.

21 FederalRegister, “ FinalList ofCriticalMinerals2018 ”, May18, 2018.

https://www.federalregister.gov/documents/2018/05/18/2018-10667/final-list-of-critical-minerals-2018. Accessed
14April 2021.
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What does the supply chain looklike?

Given the importanceof lithium, Class 1 nickel, and cobalt in the production of lithiumbatteries, these
elements represent the emphasis of this analysis. Analysis to quantify the potentialof these materials for
domestic extraction from both unconventional and secondary sources is currently ongoing; however, at
present, very limitedcommercialoperations to tap these sources exist in the United States. Research,
development and demonstration (RD & D innovative means ofprocessing and recyclingthese elements
from unconventional and secondary sources remains a top priority. Inparallelwith this RD & D work,
additional focuses must center on addressingnear -term needs and addressing the other RD & D challenges
present in the supply chain for these elements to increase economic competitiveness.

There is a consensus among automotivemanufacturers, battery suppliers, and governments that sales of EVs
are poised to rapidly accelerate. As this acceleration occurs, lack of sufficient planning could expose the
various global actors to potential material shortages.22 Avoiding these shortages depends on the ability for
the market to anticipate material demand and the capacity of the extraction, recycling, and purification
markets to meet that demand. Consideringthe often 5+ year development of a source for extraction,
forecasting future needs, planningfor sufficient materialproduction, and standing up operations in time to
meet demand can pose a significant challenge. The large majority ofEVs use a battery chemistry of graphite
anodes and a highnickelversion of nickel manganesecobalt oxide or nickel, manganese, cobalt and
aluminum cathodes, ofwhich Class 1 purity (99.8 percent and above) is required. the
amount ofeach element in the cathode that is needed to electrify 20 percent and 100 percent of the U.S. light
duty vehicle (LDV) fleet; the table also shows domestic and global mineral reserve metrics from
United States GeologicalSurvey (USGS). This does not include the potential for recycling, which has the
potential to be an additional source of domestic materials.

Table 1. The amounts of elementsneeded for EV batteries compared to the 2019 mined, global,
and domestic reserves amounts of those elements .

GlobalCathode

element

Needed

for 20%
EV sales

(tonne)

Needed

for 100%
EV sales

( tonne)

Material

mined in

2019 tonne)

reserves

(tonne)

U.S.

Reserves

(tonne)

Nickel25 254,530 1,272,650 110,00089,000,000

(Class 1 & 2)
(Class 1 ) (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

24

22 IEA,The Role of CriticalMinerals in Clean Energy Transitions,May 2021. https://www.iea.org/reports/the-role
of-critical minerals in -clean -energy -transitions. Accessed May 25 , 2021.
23 DOE Analysis using USGS data. USGS. 2019. “Material Commodity Summaries 2019” , (prd
wret.s3-us-west-2.amazonaws.com ). Accessed April 22 , 2021.
tonne= metrictons. DOEAnalysisusingUSGSdata. USGS. 2019. “ MaterialCommoditySummaries2019 ,

mcs2019_all.pdf(prd-wret.s3-us-west-2.amazonaws.com). Accessed22 April2021.

25 There is additionallithiuminthe electrolyte, not includedhere, whichis typically 10percentofthe totalcathode
lithium

26 Class 1 nickel, orvery highpurity nickel, is the onlyclass ofnickelqualifiedfor cathodeproduction.
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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 sales. Figure 5 shows 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 large-volume EV production.

Figure 4.Materials needed for 20 percent and 100 percent production )EV production as a
percentage ofmaterials mined in 2019.27
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Figure 5. Materials needed for 20 percent and 100 percent production ) EV production as a
percentage of global reserves.28
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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.

27DOE Analysis using USGS data . USGS. 2019. “Material Commodity Summaries 2019 ,mcs2019_all.pdf(prd
wret.s3-us-west-2.amazonaws.com ). Accessed April 22,2021.

DOE Analysis using USGS data. USGS . 2019. “Material Commodity Summaries 2019”,mcs2019_all.pdf (prd
wret.s3-us-west-2.amazonaws.com ). Accessed April 22,2021.

98

28



NICKEL

Nickelis a mineralcommoditythat ultimatelydoes not have manyof the same challengesas lithiumand

cobalt. While the U.S. is similarlyimport-reliant, the primarydifferencestems fromnickel importsoriginating

from a diverse set ofalliednations with 68 percentcomingfrom Canada, Norway, Australia, and Finland.
The supplychain for nickeloverallappears more stable than lithiumandcobaltwhenassessedusingthe
metricsin the criticalmaterialsframework; however, the supplychain for Class 1 nickelsulfatefaces more
challenges. There are market indicationsthat there could be a large shortageof Class 1 nickel in the next3-7

years. Ifthere are opportunitiesfor the U.S.to target onepart of the batterysupplychain, this would likely
be the mostcritical to provideshort- andmedium-term supplychain stability. Incontrast to cobalt, nickel
contentper batterywill increasein the comingyears, as R & D focusedon high-nickelincathodeshas shown

significantandacceleratedcommercialadoption. The potentialshortfallfromthis increasein demandposes a
supply chain risk for batterymanufacturingglobally, not just inthe UnitedStates; given the pervasiveneed,
the establishednickelindustryis rampingupproductionand processing, and the UnitedStates is falling
furtherbehindChinainthis criticalmaterial.

The nickel market has a high purity commodity that is “ Class 1 needed by battery materials manufacturers ,
that can be targeted for strategic U.S. investment , provided efforts are well -coordinated 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 already multibillion -dollar Chinese
investments in Indonesia, home to one-quarter of the overall global reserves .

Historical View :

Global nickelmineproductionincreased from 0.92 millionmetric tonnes (Mt29) of nickel content in 1995 to
2.61Mt in 2019. Historically, Indonesiaand the Philippineswere the top nickel mine producingcountries.
Other notable nickelmineproducingcountriesinclude Australia,Brazil, Canada, NewCaledonia, and
Russia.30 For refinednickel, globalproductionincreasedfromapproximately2 Mtofnickelcontent in2013

to approximately2.4 Mt in 2019, with China dominatingglobal productionfrom 2013 to 2019. Other
notablerefinednickel producingcountriesincludeIndonesia, Japan, Russia, and Canada.31

The United States has historicallyreliedon imports to meet its nickel demand. Most domestic miningand
smelting operations ceased in the late 1990s. In2014, miningstartedat EagleMine in Michiganto produce
nickelconcentrate,which was exported.32 Eagle Mineis the only activenickelminein the U.S. today, and its
lifetimeis set to end in2025. As of 2021, Canadian-ownedPolyMetMiningCorp. is fully permitted to

develop the NorthMetMinein Minnesota; however, legalbattles over the site's developmentare currently
ongoing. Nickelrecyclinghas occurred since the 1970sand still plays an importantrole, thoughit is unclear
what impact it will have on Class 1 nickel supply.

Today'sView

In2021, totalglobalnickel reserves are estimatedat approximately94Mt of nickel content. Ofthat, Indonesia
andAustralia eachhave approximately20 Mt followedby Brazilat 16 Mt. The U.S. nickeldeposits are small,
with low nickelcontent. The USGSestimates that globalnickelmine productionin2020 is 2.5 Mt of nickel
content, and that the UnitedStates produces0.016 Mt.

Nickelis mostly used for producingstainless steel, aerospacesuperalloys, catalysts, andbatteries. Although

stainless steelproductionis expectedto continue to dominateglobalnickeldemand through 2040, nickel use

29
Mt 1 milliontonnes= 1 millionmetrictons

30 USGS MineralCommoditySummaries” from1996 throughto 2021.

https://www.usgs.gov/centers/nmic/mineral-commodity-summaries. Accessed23 April2021..

31 Roskill. Lithium: Outlookto 2030, 17thEdition. (2020) . https://roskill.com/market-report/lithium/
32 USGS MineralCommoditySummaries” from2014 throughto 2021.

https://www.usgs.gov/centers/nmic/mineral-commodity-summaries. Accessed23 April2021.
33 USGS. 2021. “MaterialCommoditySummaries2021” , https://pubs.usgs.gov/periodicals/mcs2021/mcs2021.pdf
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in the form of nickel sulfate (NiSO4) for batteries is expected to play an increasingly important role. As the
industry moves away from cobalt incathodes , the trend is to substitute itwith nickel. This demand creates
supply chain challenges to produce enough 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 lithium - ion batteries use only Class 1 nickel, which contains a minimum of 99.8 percent nickel.
Class 1 nickel can be processed from any input stream ofnickel, but is most economical from nickel sulfide

deposits and, to a lesser extent, nickel laterites a form ofoxide). This distinction is critical, especially 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 needed amount of Class 1 nickel.34

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 combined 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 nickelcontent in2020 to
approximately 3 Mt in2040. Nickel sulfate production cost depends on the feedstock type and the
production region. Ingeneral, production from matte is the most economic, followed by mixedhydroxide
precipitate productionand recycling. Battery residue and scraps are expected to account for over half of the
global nickel sulfate feedstock by 2040.

Lithium -ion batteries are expected to account for over 90 percent ofglobal nickel sulfate consumption by
2030. Additionally, nickel can be recovered from unconventionaland secondary sources by remediatingmine
sites. For example, the Mount Storm small-scale project inWest Virginia, expected to come online in fall
2021, could recover as much as 1 tonne-per-year ofnickel-oxide.

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 the amount of nickel 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 research programs. Some current and next

generation cathodes that do not rely on nickel include LiFePO4, , disordered rock salt cathode
compounds, sulfur, CuF2, and .

LITHIUM

Historical View :

Lithiumwas first discoveredaround1800 and hadlittle useoutsideof pharmaceuticaland ceramicglazes
untilafterWorldWar I , whenGermanyusedit inleadbearings. Lithiumwas first used for nuclearweapons

by the UnitesStates duringthe Cold War, leadingto productionduringthat time for strategicpurposes.
KingsMountain, NorthCarolinais a majorlithiumsource withoredeposits. Cheaperbrine-based deposits
were discoveredinSouthAmericainthe 1980s,36 while Australianore depositsoflithiummadea majorshift

34 McKinseyand Company. Basic Materials. “ The Future of Nickel: A Class Act”. November2017.
https://www.mckinsey.com/~/media/McKinsey/Industries/Metals%20and%20Mining/Our%20Insights/The%20futur
e % 20of% 20nickel% 20A % 20class% 20act/ The % 20future% 20of% 20nickel% 20A % 20class% 20act.ashx. Accessed

23 April2021.

35 U. Wietelmannand M. Steinbild, in Ullmann'sEncyclopediaof IndustrialChemistry, 7th edn., 2014.
36 Bomgardner, MelodyM. “ Albemarleto double US lithiumoutput. ChemicalandEngineeringNews(January31,
2021) https://cen.acs.org/energy/energy-storage-/Albemarle-double-US-lithium-output/99/web/2021/01
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into the battery market in 2017.37 Today, about 89 percent ofAustralian lithiumis shipped to China for

refining.38

Today's View :

The USGSestimatesthat batteriesmake up 71 percentof the end-use lithiummarket.39 As the name
suggests, lithiumis consideredthe only truly non-replaceableelementinlithiumbatteries. Lithiumcanbe

recoveredfromlithium - containingores (e.g., spodumene), salt -lake brines, clays, and seawater.40 In2021, the
USGSindicatesthat there are 21 milliontonnes ofeconomicallithiumreservesofvaryingforms. USGSuses
metric tons, or tonnes, for all reservesand miningnumbers. The most notablereservesare concentratedin

Chile (44 percent), Australia (22 percent) Argentina(9 percent), China (7 percent), U.S. (3.5 percent), Canada

( percent), andseveralothercountriescomprisingthe remainingleft (12 percent) (Figure6 left).41 Figure6
right shows 2020lithiumextractionby country.42 Globally, brinesaccount for 66 percentoflithiumresources
while ore depositsaccount for 26 percent.43 In2017, lithiumproductionincreasedsharplydue to new

Australianoperations. Lithiumrefininginto lithiumcarbonateand lithiumhydroxideis dominatedby China,
followedby Chile.

Figure 6. 2020 Lithium Reserves ( left) and Estimated Production ( right).44 kt = 1000 tonne =
1000 metric tons
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Brine andsome ore positions are the mosteconomicallithiumsources.45 Worldlithiumprices were stable

through the first halfofthe 2010s at around$5,000-$7,000/ tonne, butexperienceda demandboomin 2016,

37

39

USGS. 2017. “Minerals Yearbook”, https://www.usgs.gov/centers/nmic/lithium-statistics-and-information
38 Austrade. Australian Government, “ The Lithium-IonBattery Value Chain – New Economy Opportunities for
Australia” , Page 16. https://www.austrade.gov.au/ArticleDocuments/5572/Lithium

20Battery % 20Value 20Chain % 20report.pdf.aspx. Accessed, May 5, 2021.
USGS. 2021. “Mineral1CommoditySummaries2021 , https://pubs.usgs.gov/periodicals/mcs2021/mcs2021.pdf

40 U. Wietelmannand M. Steinbild, in Ullmann'sEncyclopediaof IndustrialChemistry, 7th edn. , 2014.
41 USGS. 2021. “MineralCommoditySummaries2021” , https://pubs.usgs.gov/periodicals/mcs2021/mcs2021.pdf
42 USGS. 2021. CommoditySummaries2021, https://pubs.usgs.gov/periodicals/mcs2021/mcs2021.pdf
43 PWGruber. Journal ofIndustrialEcology. Researchand Analysis, GlobalLithiumAvailability: A Constraintfor
ElectricVehicles 2011. http://litio.ipg.pt/wp-content/uploads/2018/07/Global-lithium-availability-A-Constraint
for-Electric Vehicles_2011.pdf. AccessedMay3, 2021.
44 USGS. 2021. “MineralCommoditySummaries2021” , https://pubs.usgs.gov/periodicals/mcs2021/mcs2021.pdf
45 Roskill. Lithium: Outlookto 2030, 17thEdition. (2020) . https://roskill.com/market-report/lithium/

101



causing prices to reach $25,000/ tonne.46 In 2017, Australia’s Greenbushes mine came online, doubling

worldwide productionand leading to a price drop to $20,000/ tonne.47

Supply Chain and Technology :

Currently, the most economical source for lithium is from brines, mainly located in 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
essentially none in the United States .

InNorth America, the Mexican-based Sonora clay lithium deposit , operated by China -based Gangfeng
Lithium , is currently under development , and would increase total lithium production by about 35,000 tonnes
of lithium annually, or roughly half of today's production.48 The world's total annual production is currently
82,000 tonnes .

Additionally , the United States has seen some movement on domestic lithium projects . Deposits in Kings
Valley, Nevada (the Thacker Pass lithium deposit) have 2 Mt of lithium , while the Kings Mountain Belt,
North Carolina has about 2.8 Mt of lithium.50 However, Tribes and other nearby residents have raised

concerns about the impact of the proposed development at the Kings Valley deposit on cultural resources ,

wildlife, and water supplies.51 The 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 deposits 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 battery - quality lithium carbonate . 52 In Wyoming's Rock Springs Uplift, a saline storage well drilled in 2013

found lithium and estimates of 18 Mt could be over 2,000 square miles.53 Rio Tinto 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 10 tonnes per year , with plans to scale production to more than 5,000 tonnes per year. 54

COBALT

Cobalt has been essential to the introductionof the lithium - ionbattery since lithiumcobaltoxide was first

discoveredinthe 1970s by NobelLaureateJohn Goodenoughas the first crystal structure that canallow for

lithiumions to flow inand out of itwhilemaintainingits structure. Since then, the developmentand
commercializationof lithium-ionbatteriesand almost every cathode chemistry discoveredhas hadsome
cobaltcontent. The primary supply chain concernwith the existingcobalt supplystems from the combined
issues that over halfof the reservesof cobalt exist in the DRC, where alleged miningandlaborconditionsare

welloutside ofinternationalpractice, and that Chinahas a dominantpositionincobalt miningand processing
of materialsextractedfrom the DRC. Thoughthe United States ranks 10th globallyin cobalt reserves, there is

almost 65 times more cobalt reserves inthe DRCthan inthe UnitedStates.

47

46 European Metals. Lithium . https://www.europeanmet.com/lithium/ . Accessed May 3 , 2021.

EuropeanMetals. Lithium. https://www.europeanmet.com/lithium/. AccessedMay3 , 2021.
48 Mining. “ Ganfengups stake ingiant Mexicolithiumclay project. February1, 2021.
https://www.mining.com/ganfeng-signs-new-jv-agreement-for-sonora/. AccessedApril 14, 2021.

49 USGS. 2021. “MineralCommoditySummaries2021, https://pubs.usgs.gov/periodicals/mcs2021/mcs2021.pdf.
AccessedApril 14, 2021

50 U. Wietelmannand M. Steinbild, in Ullmann'sEncyclopediaof IndustrialChemistry, 7thedn. , 2014.
https://onlinelibrary.wiley.com/doi/book/10.1002/14356007. AccessedApril 14, 2021.

High Country News,Mining “Nevada lithium mine kicks off a new era of Western extraction ” . February 18,
2021. https://www.hcn.org/issues/53.3/indigenous-affairs-mining-nevada-lithium-mine-kicks-off-a-new-era-of
western - extraction. Accessed April 14, 2021.
NS Energy. ArkansasSmackoverLithiumProject, Arkansas, USA( nsenergybusiness.com). AccessedApril 14,

2021.

53 Business Insider. New WyomingLithiumDeposit(businessinsider.com). AccessedApril 14, 2021.

BusinessWire. “ Rio Tinto achievesbatterygrade lithiumproductionat Boronplant , 7, 2021.
https://www.businesswire.com/news/home/20210407005321/en/. AccessedApril 14, 2021.
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Cobalt represents one of the most comprehensive ways China has gained a competitive advantage in the
critical materials landscape for batteries. China has just over 80,000 tonnes of reserves , and only 6 times the
mining output of the United States ,55 but controls 72 percent of the capacity for refinement of the 162,900
tonnes that are mined each year.56 a comparison , the United States has 55,000 tonnes of reserves.57 The

viability for the United States to maintain a foothold in this commodity rests less on the potential of

individual mines, but rather in the relationship between mining and refining 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 why there needs to be
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 on cobalt alloys was underway, and by 1941, the first turbo superchargers were produced from
cobalt -based alloys. Inthe 1930s, magnet applications of cobalt were also emerging. Cobalt production
generally occurs as a byproduct of other metal mining, often copper. However, cobalt was produced as a

primary 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 source of cobalt for
U.S. domestic production, and researchers are exploring opportunities to produce cobalt from industrial

wastes , such as acid mine drainage and other mine-impacted waters, mine tailings and other mine wastes, and
coal mining waste measures.

Global cobalt 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 approximately 120,000 tonnes 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

production from 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 Australia

Today'sView:

In2021, the globalreservesof cobaltare estimatedat 7.1 Mt, with more than 50 percent (3.6 Mt)
concentratedin the DRC. Australiahas almost20 percent (~ 1.4Mt) of globalcobaltreserves, withnoother

countryhavingmorethan7 percent. TheU.S.cobaltreserveis estimatedat 0.053 Mt.59TheUSGSestimates
that globalcobaltmineproductionin2020is 140,000tonnesof cobalt content, and that 70 percentof all
minedcobaltcomes fromthe DRC, withRussiaas the nexthighestproducerat 5 percent60

55

56

USGS2021. “ CobaltStatisticsand Information”. https://pubs.usgs.gov/periodicals/mcs2021/mcs2021-cobalt.pdf.
AccessedMay 3 , 2021.

NREL Analysis of Data Sourced from BloombergNEF Batteries Mineral Database, Available for purchase.
Accessed March 17, 2021.
57 USGS 2021. “ Cobalt Statistics and Information ”. https://pubs.usgs.gov/periodicals/mcs2021/mcs2021-cobalt.pdf .
Accessed May 3 , 2021.
58 USGS 2021. “ Cobalt Statistics and Information ”. https://pubs.usgs.gov/periodicals/mcs2021/mcs2021
cobalt.pdf. Accessed May 3 , 2021.
USGS. 2021. “MineralCommoditySummaries2021” . https://pubs.usgs.gov/periodicals/mcs2021/mcs2021.pdf.

AccessedMay3 , 2021.

60 USGS. 2021. “ MineralCommoditySummaries2021”, https://pubs.usgs.gov/periodicals/mcs2021/mcs2021.pdf
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Although the DRC leads in the global miningof cobalt, the vast majority (72 percent) of the global cobalt
refining capacity (162,900 tonnes per year) is locatedinChina. In fact, China is the DRC'sprimary trading
partner for cobalt with 84 percent of the DRC's2019 cobalt exports going to China.61

Cobalt is typically recoveredas a byproductofcopper or nickelproduction, thus makingits supply partially
dependent on the demand for these other elements. At present, 52 percent of the global refinedcobalt is
used for batteries.62 Superalloys are also a notablecompetingend use for cobalt, especiallyin the United
States, where they accounted for 43 percent ofdomestic cobalt consumptionin2020.63

Supply Chain and Technology :

Demand for cobalt for batteries is estimated to grow from less than 0.1 Mt in 2020, to 0.15-0.7Mt ( a 50-700

percent increase) in2040, depending on how the global EV market and EV battery chemistry evolves.
Cobalt materials can be recovered from the recycling of 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 future cobalt supply to the battery
supply chain . It has been estimated that EV battery recycling alone can reduce cumulative cobalt demand for
global EV fleets through 2050 by 26-44 percent.65

Previous cobalt mining and refining waste (e.g., tailings and slags) can also be a potential resource for cobalt,
as 40-60 percent of the ore cobalt content is estimated to be lost in the ore processing and refiningprocesses.
Cobalt recovered from unconventional and secondary sources throughout U.S. basins , such as the

Appalachian 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 range from 200-6,800

parts -per-million and a West Virginia small- scale acid -mine-drainage 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 non-marine production.

Substitutes:

Nearly all EV battery cathodes contain a combination of nickel , manganese , and cobalt . Many battery
manufacturers have ambitious goals to move to low- or no cobalt- cathodes . Often , this lowering of cobalt

content is achieved by substitution of more and more nickel or manganese . It is important to note, 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
multi- year initiative 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 medium and heavy - duty
applications (e.g., e-buses ) use a cobalt-free LiFePO4 cathode . Finally, many next generation cathode
materials are cobalt- free, which is an active area of R & D being funded by DOE.

GRAPHITE

Graphite, whichwas the first successfullycommercializedanodematerialfor lithium -ionbatteries, is still the
most widely used materialfound in lithiumbatteries. Therehave beensignificantefforts to replacegraphite
withother materialswith higherenergydensity, such as silicon andlithiummetal, but there are challenges in
these materialsand the issue remains a primaryongoingfocus for batteryR& D . Thecombinationof

61

InternationalTradeCentre. TradeMap. Country: Congo, Partner: China, Product: 26 Ores, slag and ash,

ProductCode: Cobaltores andconcentrates. Trademap.org. AccessedApril30, 2021
62 GreenCar Congress. Cobalt Institutereport: demandfor cobalt for batteriesgrew at annual rateof 10 percent

between2013 and2020 - GreenCar Congress, May2021. AccessedMay 25, 2021.
63 USGS. 2021. CommoditySummaries2021” https://pubs.usgs.gov/periodicals/mcs2021/mcs2021.pdf
64 Xu, C., Dai, Q., Gaines, L. et al. Futurematerialdemand for automotivelithium-basedbatteries. CommunMater

1,99( 2020). https://doi.org/10.1038/s43246-020-00095-x. AccessedApril30, 2021.
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graphite's energy density, surface stability, and cost to produce have been a mainstay for decades, and while

there is promise in other materials eventually replacing graphite, graphite remains indispensable.

Two types ofgraphite 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 has a better 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 and the typical commercial 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 leading suppliers of

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 suitable substitute 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 percent ). Manganese, which is used most by the steel industry ,

has no domestic production , and the reserves in the United States are considered to be low - grade with high
extraction costs . In addition , no single country is likely to establish dominance in the supply of manganese ,

due to the large geographic base and the distribution of global supply . Manganese, however, could potentially
be produced from coal by-products such as acid-mine drainage ifneeded, which could provide domestic
supply . In addition , manganese can be substituted with other elements in the battery's cathode such as

aluminum , as illustrated by the successful deployment of the Panasonic -made nickel- cobalt aluminum (NCA )
chemistry in Tesla's batteries.

COPPER

Copper is usedas a current collector in lithium - ion batteries on the anode side ofcells. Copper accounts for

approximately 16 percent of the overallmaterials (by weight) within an individual lithium -ioncell.66 Chile is

the largestproducer ofmined copper, with Peru, China, DRC, and the UnitedStates all contributingmajor

miningproductions.67 In2020, China refined over 39 percentofall produced copper, with Chile, Japan,

DRC, Russia, and the United States contributingrefinement production. Inadditionto the moderate U.S.

copper mining(1,200 tonnes) and refining (910 tonnes) production, the UnitedStates has a respectable
amountofcopper reserves, with 48,000 tonnes of reserves quoted by USGS in 2020.

Concerns with copper come primarily from its use across many end-use applications aside from lithium -ion
cells, including building construction , electrical and electronic products, transportation equipment, consumer
and general products, and industrial machinery and equipment .

The other elements found in high-capacity batteries (e.g. , phosphorous, sulfur, fluorine, aluminum, copper
and iron) are available in high enough concentrations and in diverse enough locations that they pose less of a
potential risk in the lithium - ion battery supply chain, though their supply of Class 1 specific supply and
demand require continued monitoring inorder to understand potential risks that could arise down the line as
well as any potential opportunities for U.S. economic development .

66 Gaines, L., Richa,K., & Spangenberger, J. (2018) . Key issues for lithium - ion battery recycling. MRS Energy &
Sustainability , 5 , E14. doi :10.1557/mre.2018.13 https://www.cambridge.org/core/journals/mrs-energy-and
sustainability / article/key- issues-for -liion - battery - recycling/ F37D3914A1F5A8FDOED3EF901664D126 . Accessed
22 April 2021.
67 Mineral Commodities Summary, Copper , https://pubs.usgs.gov/periodicals/mcs2021/mcs2021-copper.pdf .
Accessed 22 April 2021 .
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SUBSTITUTES

Natural Graphite:

Synthetic graphite is increasingly used as a substitute for natural graphite in lithium -ion anodes . Synthetic
graphite is a man-made graphite manufactured by high temperature processing of precursor carbon materials.

However, today, synthetic graphite costs up to 50 percent more at high volumes than natural graphite. While
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 coke, which is only
produced at a handful of refineries around the world. In short, 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 including some 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 metal. Note that some of these substitute anodes do not yet provide the

performance to make them commercially acceptable, thus further R & D is underway and they are not near- or
intermediate- term options. For more information on silicon anodes for use in place ofgraphite anodes , see
the Emerging Technologies section.

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 given its low cost , abundance , the that many manganese -based cathodes 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 , such as LiFePO4, sulfur, CuF2, and .

RECYCLING

Recyclingof lithium -ion batteries presents one of the major challenges and opportunities for the United
States to bolster its battery supply chain. However, the costs associated with end -of-life batteries make
recycling unprofitable in many cases today – largely driven by the elemental value of the material, distance to

a recyclingcenter, recyclingcenter utilization, and product yield from recycling. Some of these challenges can
be addressed by promotingcollection and reducing the cost ofcollection and transportationof recyclable
material, allowing the U.S. to develop commercial scale recyclingcapacity on par with China or the EU. In
the longer-term , new technologies will expedite cost -effective recycling.

The current lithium -ion battery recycling methods (hydrometallurgicaland pyrometallurgical) are effective;
however, they only enable the recovery of specific metals, and inmaterial forms that are of low value. Using
these processes, the value from recycling lies primarily in the feedstock’s cobalt content and to a lesser extent
its nickel, although some recyclers do recover lithium.68 Some lithium-ion battery cathode chemistries do not
have viable pathways for profitable recyclingusing current commercial methods ( e.g., lithiumironphosphate
batteries, though these are also not widely used domestically ). However, consumer electronics batteries are
profitable under most recyclingprocesses due to their cobalt content.

To make lithium -ion recyclingprofitable for all cathode chemistries, and to encourage industry growth, new
recyclingmethods must be developed. The challenges to commercially scale recycling require additional
RD & D over the coming years. For example, there is a potential market opportunity indirect 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 profitability challenges through
RD & D will become increasingly important in the coming years , as the decreasing cost ofbatteries decreases

68

Studyof LargeFormatEVLithium-Ion Battery RecyclinginChina, AvicenneEnergyfor NAATBatt
International. December2018. AccessedApril 15, 2021.
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front - end value, straining recycling economics by directly impacting the value captured from end of-life
batteries.

Recycling Process Descriptions:

Smelting (pyrometallurgy) treats the input (batteries or black mass) as if it were an ore, exposingit to high

temperature over 1100° C ) to melt or burn the components of the cell. The valuable product is a mixed alloy
of cobalt, nickel, and copper, with the lithium and aluminum material being lost to the process slag in most

cases. This type ofprocess is commerciallymature, yet energy intensive, and is used to process metals such
as ironand copper on a large scale.

Hydrometallurgy, or leaching, is commercial at a large scale in China and Koreaand converts a mixture of cell
chemistriesinto product that can be reintroducedas cathode precursors. In this process, the majorityof the
battery components can be recoveredas metals (copper, aluminum ) or salts (lithium , nickel, cobalt,
manganese, etc.) , making this a low loss process.

Direct recyclingis the recovery, regeneration, and reuseofbattery components directly without breaking
down their chemicalstructure. This recycling processprovides the quickest pathway for cathode powder and
other materials to get back into the battery supply chain. This method of recyclingis still in the R & D stage,
and additionalwork is needed to make direct recyclinga profitableprocess. Ifinitiatedtoday, the input for
direct recyclingwould largely consist offirst-generationLeaf, Volt, and Tesla models,all ofwhich have
changed in compositionand increasedinenergy storage capacity over time. Within this area ofresearch,
there is some potentialin upcycling, which allows for flexibility to change the cathode compositionwithout
beingcompletelybroken down into the constituent salts, which is considered the long-term R& D goal inthis
area.

There are many companies, bothin the UnitedStates andabroad, using these andother technologieswithin
the recyclingsupply chain; however, it remains a challenge to cost-competitivelyrecoveranythingother than
the high-value cobaltand nickelconstituents.

Untilrecently, almost all the end-of-life lithium - ionbatterieswere from portableconsumerelectronicdevices.
As EV deploymentscontinueto grow, large EV batterieswilldominate the supply ofend -of -lifematerial(see
Figure 7).
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Figure 7. ProjectedU.S.BatteryDemand.
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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 cobalt oxide.70
Many firms collect spent batteries in the United States and direct them to appropriate recyclers. In 2019,

three firms handled about 15 percent of the material that was available to be processed, so reports indicating
recycling rates of approximately 5 percent are incorrect. However, although 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 exports of this valuable
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 recycling. 71 Scrap represents a
useful scale-up 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 batteries. 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 perform well in new cells without any processing to upgrade
it. Scrap is the initial feedstock for new North American recyclers like Redwood Materials , Li-Cycle, and
American Manganese a Canadian firm ).

69 BloombergNEF 2020. Long Term Electric Vehicle Outlook 2020 .

Avicenne Energy, C. Pillot . “ The rechargeable battery market 2017-2025 ”, The Battery Show , Germany , May 15,
2018

BloombergNEF 2019. Long Term Energy Storage Outlook 2019 .

IEA 2020. Global EV Outlook 2020, https://www.iea.org/reports/global-ev-outlook-2020 .
Circular Energy Storage Research and Consulting . The Lithium- ion Battery Life Cycle Report 2021. London,

UK, 2020. https://circularenergystorage.com/reports . Accessed March 5 , 2021.
Ivan, “ Tesla BatteryDayPreview - RedwoodMaterials, ” YouTubevideo, 8:50, EV StockChannel, September5 ,

2020, https://www.youtube.com/watch?v=EWRvmFR8vKc, Time mark: 5:55. AccessedMarch5 , 2021.
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Figure 8. Proportion ofnickeland cobalt required for new batteries that could bemetwith metals
recoveredfrom recycled batteries.
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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 recycled batteries. Today's recycling stream has low nickel content and as battery chemistries
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 manufacturing and recycling capabilities
come online, the cobalt and nickel supply chain should be re- examined.

Recycling of manufacturing scraps could be an important step for U.S. industry . The scrap from the new and
potentially large U.S. cell manufacturing would be available 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 to compete in the recycling space will largely depend on an increase in the collection
of end -of- life batteries . Wide - scale collection of end -of -life batteries helps secure a reliable supply of inputs
into recycling facilities, supporting high utilization that is critical to commercially viable recycling.

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 evaluation steps end of-life batteries go
through before recycling, and the costs of operating the recycling process itself. The increasingly complex
disassembly required and the weight of the e-waste it is often transported with create additional weight and
disposal requirements . When balanced against the elemental value of the recoverable product coming out of

small scale or start -up recycling faces significant challenges. The ability for the United States to
compete in this area will largely depend on increasing the collection of these batteries, as utilization of

facilities and the predictability of the collection of end -of-life batteries can significantly swing the market.

the process,

72 NREL Analysis in the LIBRA Model data from the following sources :

BloombergNEF 2020. LongTerm Electric Vehicle Outlook 2020. Available forpurchase.
Avicenne Energy, C. Pillot. “ The rechargeablebattery market 2017-2025” The Battery Show, Germany, May 15,
2018.
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Collection :

There are many factors impacting the collection rates for recycling. Some of these challenges may be solved
by new technical approaches like building collection sites that can safely store batteries and simplifyingsafe
packagingof those batteries for transportation as universalwaste. Others may require policy work. There is
no national regulatory structure for lithium batteries. Rather, states and localities have enacted a patchwork
of rules and regulations. For EVs, there is no establishedprotocol or industry best practices on how best to
collect these batteries at end of life and transport them to a recyclingcenter; 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 ofknowledge regarding proper disposal.

Inthe UnitedStates, the consumer owns the EV battery and is responsible for it at end-of-life, incontrast to
the EU, where the responsibility forproper disposition rests with the automaker. The EU model places the

disposition requirement with the OEMs, which means they still some aspect of the vehicle after
purchase and after warrantyperiod. Ifthis were incorporatedin the United States, it would considerably
change the vehicle ownership landscape, as it could limit the consumer's ability to resell their vehicle. The
OEMrequirement-based model would also require some mechanism for enforcement or validation for
companies to be ingood standing on meetingrecyclingrates. In one alternative modelbeing explored for use
in electric buses, the OEM leases the batteries on sold buses, receives the batteries back at end-of-life, and

develops plans to reuse them for storage in charging stations. The electric bus OEM contracts with a
recyclingfirm for eventual recyclingof these batteries. More analysis is required to determine the overall
impact of this and other models on EV adoption, collection rates, and recyclingrates,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 lithium - ion batteries are considered Class 9 hazardous material for transportation because ofpotential
safety risks. Shipments of materials in this class must meet special packagingrequirements and are charged
higher rates. According to an analysis done by the EverBatt team (Technoeconomic Analysis /Life Cycle
Assessment model), Figure 9 left, transportation is the second - largest cost in the recyclingprocess.
Regulatory complexity causes confu on among stakeholders as to whether batteries should treated as

hazardous waste or universalwaste. In addition to policy action, future innovations could render batteries
electrochemically inert, allowing the waste to be re - classified as non-hazardous. This would aid inreducing
transportation costs to make the overall recyclingprocess more profitable.

Figure 9. Cost breakdown ofrecycling for lithium - ionbatteries based on 1000 miles from collection
site to the recycling centers.
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The Importance of Exports

Without sufficient end-of-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
materials 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 end-of-life batteries will be exported for processing at foreign facilities and re-imported in the form
of processed or manufactured products. As an example, though nickel sulfate is created from domestic
recycling processes today, it is largely exported to China since there is very little demand to 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 of the product 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 Zealand, and Sri Lanka.74
The practice of exporting refurbished U.S. products is common in consumer electronics. For example, used
cell phones are commonly exported for re-use in developing countries that ultimately might not have
sufficient infrastructure or policies around recycling and could have negative long-term 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 recycling capacity. In addition, there is variability for when these batteries will reach their
end-of-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 uncertainties, recycled material can serve to buffer volume and
price instabilities. However, in the long-term, when a large supply of EV batteries reach end-of-life, recycling
could eventually supply a significant share of critical battery material needs as part of a circular 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
cathode 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 battery performance. Lithium-ion 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.

74 The dynamics of the EV battery end-of-life market,Tutorial on Zoom, Circular Energy Storage,October 22, 2020.

https://batteryrecycling.org.au/tutorial-the-dynamics-of-the-ev-battery-end-of-life-market-2/.
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Lithium-ionbatterycomponents, includinganodes, cathodes, electrolytes, and separators, represent a battery

supply chain stage where the United States currently relieson foreign importsdue to limiteddomestic

manufacturingcapacity. Across all components,China leads the world inmanufacturingcapacity for anodes,

cathodes, electrolytes, and separators.75

The U.S.-based cell component manufacturing capacity that does exist is often closely tracked or co-located

with downstream manufacturing stages of cell and pack manufacturing, with high concentrations of

75 BloombergNEF,Battery Components Manufacturing Asset Map 2019, Available for purchase. Accessed March

15,2021.
76 BloombergNEF,Battery Components Manufacturing Asset Map 2019, Available for purchase. Accessed March

15,2021.

Table 2. Commonmaterialsand their abbreviationsused in lithium-ioncells

Cathodes

Abbreviations Full name
NMC NickelManganeseCobaltOxide

NCA NickelCobaltAluminumOxide

LNMO LithiumNickelManganeseOxide

LMO LithiumManganeseOxide

LCO LithiumCobaltOxide
LFP LithiumIronPhosphate

Anodes

Abbreviations Full name

Si Silicon

Gr Graphite(naturaland synthetic)

ElectrolyteSolvents/Additives
Abbreviations Full name

EC EthyleneCarbonate

DMC DimethylCarbonate

DEC DiethylCarbonate
PC PropyleneCarbonate

FEC FluoroethyleneCarbonate

ElectrodeBinders

Abbreviations

PVDF PolyvinylideneFluoride

Separator
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%

Table 3. Midstream Lithium-ion Battery Manufacturing:Percentage of Total Manufacturing

Capacity by Country for Various Component Manufacturing.76

Cathode

Manufacturing

Anode

Manufacturing
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production in the Midwest and Southeast regions of the United States.77 Although co-location offers many
benefits, including reduced shipping costs, most foreign-owned EV manufacturers maintain a more global
footprint given limited U.S. capacity today. The value of co-location alone is insufficient to overcome scale
and coordinated policy and investment support along the full end-to-end battery supply chain.

Further growth of these component market sectors domestically would require the development of new
refining capacity to supply stock feeds, domestically-sourced, 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. component production. In
addition, domestic development of battery recycling and recovery as well as domestic production of graphite
from coal-based secondary sources can offer feedstocks for anode and cathode production. Finally, growth
of this component sector can 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 inR&D to establish domestic production of future
technologies. Many of these technologies require new materials, with very different processing technologies
and considerations for scale-up, new manufacturing techniques to build these technologies into cells, and in
some cases (such as Lithium metal), new methods to manufacture 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 manufactured as an intermediate good and then sold to end-use industries, which assemble
larger battery packs for insertion into EVs, stationary storage systems, and other end uses.

Cells make up over 75 percent of the average cost of an EV battery pack.78 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 current lithium-ion cells use anodes based on
graphite. Common cathode materials are shown in Table 4, with the most common being NMC.

Table 4. Typical lithium-ion battery cathode materials.79

77 BloombergNEF,Battery Components ManufacturingAsset Map2021,Available for purchase. Accessed March

15,2021.
78 Clean Leap,“Battery cell and pack costs and characteristics”. https://cleanleap.com/7-electricity-transport/71-

battery-cell-and-pack-costs-and-characteristics.Accessed May 4, 2021.
79 USITC,Office of Industries,‘Lithium-IonBattery Materialsfor Electric Vehiclesand their GlobalValue Chains’,

Working Paper ID-068,PublishedJune 2020,Accessed March 15,2021.

Short

Name

Nissan,LMOLithiumManganese BMW Powertools,

Oxide Medicaldevices,

electric

powertrains

NMCLithiumNickel

ManganeseCobalt

Oxide

LiNix Mny Coz O 2 GM,Ford, E-bikes,medical

Volkswagen,Toyota,devices,other

Hyundai

LFP Lithium Iron

Phosphate

NCA Lithium Nickel Cobalt

Aluminum Oxide

FullChemical Name Chemical

Composition
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LiFePO4
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Lithium - ion cell manufacturingis generallylocatedin geographicproximityto demand, though factors such
as capacity utilization, supply chainscale andmaturity, andproximityto R& D canall impact co -location. The

physicalweightoflithium - ionbattery cells adds transportationcostsand complexity, andissues intransport

(suchas hightemperature) could have negativeeffects on battery performance. Other items, suchas the
requirementto shipbatteriesat 30 percentstate ofcharge (SOC), addsadditionalcomplexityand increases
costs.80 Thehazardsassociatedwith lithium-ioncells can be mitigated, and manufacturersfactor in these

costs of complianceinoperationsand inthe designof their packassemblies. In2019, globalbattery

shipmentsacrossseven majorbattery manufacturersexceeded 114GWh, with passengerEVbatteries
accountingfor most shipments.81

Component manufacturing and cell manufacturing are expected to increase in the next 5-10 years as U.S.

demand for EVs grows. The benefits of co - location of upstream cell production supply segments remains an
open question. A variety of factors impact co - location 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 enforcement . Current import trends
suggest the United States is not harnessing the full potential of co- location . The domestic market has

comprised roughly 10 percent of global EV sales since 2017-2019 and the United States has 8 percent of
global cell manufacturing capacity , but the United States maintains less than 2 percent share in the cell
processed material segments .

82

Figure 10.Globalcurrentand futuredemandof lithium- ion batteries.S
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80 EV Specifications, “ 2019ChevroletBolt EV SpecificationsandPrice” .
https://www.evspecifications.com/en/model/18a190. AccessedApril 11, 2021.

81 IEA- InternationalEnergyAgency. “ Howglobal electric car sales defiedCovid- 19 in2020”. January28, 2021.

https://www.iea.org/commentaries/how-global-electric-car-sales-defied-covid-19-in-2020. AccessedMay2 , 2021.

BloombergNEF, “ Company Profiles: 2020 BatteryVendors”, August 13, 2020. AccessedApril 16, 2021.

82 BloombergNEF, CellManufacturingInteractiveDatabase”, April2020. Available for Purchase. AccessedApril
14, 2021

114



Figure 11. AnnualEV Sales byRegion.
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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.
Therefore, announced domestic EV programs are a strong indication of planned EV battery manufacturing
capacity . Tesla's venture with Panasonic and General Motors ) joint venture with LG Chem are

examples of domestic EV battery manufacturing capacity expanding to meet increased domestic demand .
Tesla's leadership has indicated publicly that it is willing to supply EV batteries to other EV OEMs , though
the firm has been cell constrained to this point.

There are several battery manufacturers and startups that do not currently 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.

Defense -Specific Supply Chain Challenges

This section defines high -capacity 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 mission. For the purposes of defense supply chain risk, the term high -capacity battery is synonymous
with advanced battery .

Distinctions from Commercial Battery Market

Defense -specific supply chain risks and opportunities to address these risks differ from the commercial
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 . Weapon system and platform batteries require high reliability , safety,
cybersecurity , integrated monitoring, performance / advanced integrated pack design , and design mitigations
that do not readily conform to the commercial market . Of the many facets of supply chain risk for DOD

batteries, the primary challenge is the frequent DOD requirement for both specialty batteries and

83 BloombergNEF, “Electric Vehicle Outlook 2019 , 2019. Accessed April 14, 2021.
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configuration-lockedbatteries that are not partoflargerconsumer electronic andEVmarkets. A secure
supply chain divorced from adversarialinfluenceis required to ensure missionresilience.

A broader domestic andalliedindustrialbase, assured material supply, and stronger R & D ecosystemwould
improvethe fragilityof the existingdefense supply chain. Similarly, the ability of DODto become a better
customerby standardizingbatteries across defenseapplicationsto achieve larger volume and moreconsistent
purchaseswouldbetterpositionDODto leverage large domestic batterymanufacturers.

TariffImpactson the CompetitiveLandscape

The United States imposes a 3.4 percent import tariffon lithium -ion cells84 and battery packs.85 Certain
minerals needed to produce lithium - ion cells are also subject to tariffs. The general tariff rate for cobalt ores

and natural graphite ranges from zero to up to 4.9 percent on artificial graphite. 86,87 Lithium oxide and
lithium carbonate face a 3.7 percent general tariff.

Cell imports (HTSUS 8507.90.8000) for use inadvanced batteries typically have exceeded imports of battery
packs (HTSUS 8507.60.0010 , and Japan and Korea have historicallybeen the mainsuppliers of imported
cells. Yet in recent years, there has been a noticeable increase in imports ofassembledbattery packs. Korea
became a significant source of imports ofbattery packs in2018 and 2019, though imports of Korean packs
have subsequently fallen. In2020 and the first quarter of2021, U.S. imports ofbattery cells and packs from
the EU and China both rose significantly. In the last four quarters ofdata (Q2 2020 through Q1 2021),
imports of battery cells and packs reached $2.7 billion. Over the last four years, imports ofbattery cells and
battery packs for use in EVs have increased at a slightly faster pace than domestic production ofEVs.
Further analysis is requiredto fully understandthe impacts of tariff structure changes, recent investments
from governments, and other policy changes, includinghow these changes interact with and / or

counterbalance the benefits that arise from locatingcell manufacturingand pack fabricationnear EV demand.

Battery cells and packs that meet the “ regional content rules set out in the USMCAenter the United States

tariff- free. As a result of the U.S.-Korea Free Trade Agreement, qualifying Koreanbattery cells and packs
also currently enter into the UnitedStates free of any tariffs.

Tariffs can be raisedover the U.S. general (or “ most favored nation ) tariff rate as a result of certain U.S.

trade enforcement actions. The most significant adjustment to the battery tariffs stems from the Section 301

action against China. Battery cells were part of List 1 of the Section 301 tariffs, so imports of cells from

China currently face an additional 25 percent tariffon top of the 3.4 percentgeneral tariff, for a total rate of

28.4 percent.88 Cobalt, nickel, and lithium imported directly from China also currently face an additional25

percent tariff.89 Battery packs from China by contrast are on List 4 and now face an additional 7.5 percent
tariff.90

84

USITC, Harmonized TariffSchedule(2021Basic Revision3) . https://hts.usitc.gov/?query=85079080.
85 USITC, HarmonizedTariff Schedule(2021BasicRevision3) . https://hts.usite.gov/?query=850760.
86 USITC, HarmonizedTariff Schedule(2021BasicRevision3) . https://hts.usite.gov/?query=2605000000
87 USITC, HarmonizedTariff Schedule(2021BasicRevision3) . https://hts.usite.gov/?query=380190
88 Cells are importedunder HarmonizedTariff Schedulecode 8507.90.80 which is included on List 1 at the
following: FederalRegister, Vol. 83, No. 119, June 20, 2018. https://ustr.gov/sites/default/files/2018-13248.pdf.
89 FederalRegister, Vol. 83, No. 137, July 17, 2018. See list 3 :
https://ustr.gov/sites/default/files/enforcement/301Investigations/ 2018-0026 20China 20FRN % 207-10
2018_0.pdf
Batteries are importedunder HTS code 8506.60, which is includedon List 4 and can be viewed at the following:

FederalRegister, Vol. 84 No. 161 August 20, 2019.

https://ustr.gov/sites/default/files/enforcement/301Investigations/Notice_of_Modification_% 28List_4A_and_List_4
B %29.pdf
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CURRENT RESILIENCE

Existingmanufacturingcapacity

Figure 12. Cellmanufacturing capacities .
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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 grow to 224 GWh.92 However, demand from U.S. annual sales of passenger EVs alone is projected to

surpass this anticipated 224 GWh of lithium - ion cell manufacturing capability in2025. The anticipated
increase in stationary storage domestically would also increase demand for lithium-ion 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 contracts and policies. As such,

this domestic manufacturing capacity must be greatly expanded to develop a more resilient supply chain.

Prior to building U.S. manufacturing facilities, Tesla sourced batteries from Panasonic's facilities inJapan. In
July 2014, Tesla announced a plan to build a domestic Gigafactory with Panasonic to lower costs and meet
demand for its Model 3.93 Tesla continues to build additional domestic manufacturing capacity to keep up
with demand for EV batteries. InJuly 2020, Tesla announced that its next U.S. factory will be inAustin,
Texas.94 That factory is currently under construction and will manufacture EV batteries.95 While Tesla has

not officially announced the expected capacity of the factory, BMI estimated that it will have the capacity to

91 " Lithium - IonBatteryMegafactoryAssessment", BenchmarkMineralIntelligence, March2021. AccessedApril
12, 2021. Note: projectedcapacitiesvaryby source/assessment.

92 " Lithium - IonBatteryMegafactoryAssessment", BenchmarkMineralIntelligence, March2021. AccessedApril
12, 2021.

93 https://www.tesla.com/en_CA/blog/panasonic-and-tesla-sign-agreement-gigafactory.
94 The Verge, Tesla will buildCybertruckfactoryinAustin, Texas , June 22 , 2020.

https://www.theverge.com/2020/7/22/21334860/tesla-cybertruck-factory-austin-texas-location-model-y. Accessed
April 14, 2021.

Austin American -Statesmen . “ Checking in on Tesla's Austin -area factory ”, November 30 , 2020 .
https://www.statesman.com/story/business/technology/2020/11/30/checking-in-on-teslarsquos-austin-area
factory /115074054 /. Accessed April 14, 2021.
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produce 95 GWh by 2025 and 200 GWh by 2030.96 Additionally , in September 2020, Tesla announced a 10

GWh manufacturing facility in Fremont , California , where it was already ramping up production.97

InSeptember 2019, GM announced that they expect GM to sell one million EVs globally each year.98 Soon
after, in December 2019, GM announced that it entered into a joint venture with LG Chem to produce
batteries for upcoming GM EVs.99 GM also announced inJanuary 2021 that it plans to completely phase out
internal combustion engine vehicles by 2035.100 Less than two months later , GM announced that it is

exploring a second 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. capacity.101,102 Inaddition, SK
Innovation (SKI) has mostly completed its first of two 10 GWh lithium - ion battery cell and pack
manufacturing plants in Commerce , Georgia. SKI will produce lithium -ion batteries for Volkswagen Group
of America's Modular Electric Drive Matrix line for the North America Region and Ford's EV F-150
program. Overall , this accounts for a net increase of 70GWh by 2025.

Location of manufacturing production assets and risks

Inthe 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 co - location . Today , U.S. lithium - ion battery component manufacturing is largely concentrated
in the Midwest and Southeast regions of the United States . These battery component manufactures are co
located regionally to the Appalachian and Illinois Basins, which could provide significant resources including
synthetic graphite needed for component manufacturing from unconventional and secondary sources . EV

manufacturers , the majority of which are foreign -owned, tend to keep a global footprint. Cell manufacturing
has also largely followed downstream demand centers ; for example , Tesla’s Gigafactory was in close
proximity to California's large demand. Demand centers have growninresponse to policy incentives to

promote the adoption of EVs, and to a much lesser extent , stationary battery storage.

98

99

96 Tesla " Pilot" Battery Factory = 13th Largest Battery Factory in World CleanTechnica . September 24, 2020 .
Accessed May 25 , 2021.
97 Inside EVs, “ Tesla Giga Austin To Produce 4680 - Type Battery Cells, But When ? , November 9, 2020.

https://insideevs.com/news/453374/tesla-giga-austin-4680-battery-cells-when/ . Accessed April 14, 2021.
Car and Driver, “GM CEO Mary Barra Says Company Aims to Sell 1 MillionEVs a Year September 21, 2019.

https://www.caranddriver.com/news/a29153501/mary-barra-gm-sell-million-evs/. Accessed April 14, 2021.
CNBC “GM , LGChem to create $2.3 billionbattery cell venture for electric vehicles, to create 1,100jobs in

Ohio ” , December5 , 2019. https://www.cnbc.com/2019/12/05/gm-lg-to-form-2point3-billion-joint-venture-for
battery cell-production.html. AccessedApril 14, 2021.

NBCNews, “GM to go all-electric by 2035, phase out gas and diesel engines”, January 28, 2021.
https://www.nbcnews.com/business/autos/gm-go-all-electric-2035-phase-out-gas-diesel-engines-n1256055.

Accessed April 14, 2021.

101 The Wall Street Journal, “ GMLookingto Build Second Battery Factory in U.S.” , March 4, 2021.
https://www.wsj.com/articles/gm-looking-to-build-second-battery-factory-in-u-s-11614853806. Accessed April 14,
2021.=

Reuters, GM, LGEnergySolutionto build2ndU.S. batteryplant inTennessee”, April 19, 2021.

https://www.reuters.com/technology/gm-lg-energy-solution-build-2nd-us-battery-plant-tennessee-2021-04-16/
Accessed April 14, 2021.
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Figure13. U.S.BatterySub-ComponentManufacturingby LocationandSub-Componentº
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Diminishing Manufacturing Sources and Material Shortages

A robust , secure , domestic industrial base for advanced batteries 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 graphite, copper , and

manganese. Based on recent estimates, these materials represent around one third of the cost of a finished
lithium -ion battery pack.104 Among the critical materials , lithium , cobalt, and graphite face supply constraints .
With regard to nickel, according 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 recycling capacity , 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 other policy support for
domestic refining, processing, and manufacturing can help prevent gaps or bottlenecks in the supply chain

that can create shortages and other supply risks.

Limiteddomesticsupport

Without sufficient domestic EV demand , it remains economically challenging for U.S.-based industrial
infrastructure to thrive . Since EVs account for between 80-85 percent of the lithium - ion cell battery use,

demand for EVs, more than other industries that rely on lithium -ion cells, 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 manufacture of lithium -ion

batteries. As China ramps up production capacity , Chinese firms may be gaining competitive first -mover
pricing advantage from economies of scale , process learning , and control of critical inputs . China relies on
massive incentives to support domestic EV manufacturing , such as retail-level subsidies to create demand for

domestic products , and initially a battery certification program implemented in a manner that limited market

103

104

BloombergNEF , Battery Components Manufacturing Asset Map, April 2020. Available for purchase . Accessed
March 15 , 2021. Includes all plants announced and fully commissioned .

SP Global, “ Why Lithiumhas TurnedfromGoldto Dust for Investors” September9, 2019.

https://www.spglobal.com/en/research-insights/articles/why-lithium-has-turned-from-gold-to-dust-for-investors.
Accessed April 14, 2021.
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access for certain foreign products. China also leads in the processingof minerals and raw materials required
in lithium - ion battery manufacturing.

Europe and India are developingpolicy initiatives (mainly mandates and incentives) and programsto counter
China's leadingpositioninlithium -ionbattery productionand to localize supply chains within their own
regions. Further, governments and companies are investingin new battery chemistries to reducecosts, limit
the use of sensitiveraw materialinputs, increase energy densities, and meet other needs.

Transitioningand buildinga skilledworkforce

A skilled workforce will be needed for extraction, processing, purification, and recycling, as well as
researching, developing, designing, manufacturing, and deployingadvancedbatteries ina variety of
applications, includingEVs, stationary, consumer electronics, industrial, and defense. Educationand training
will be needed across the battery ecosystemincludingskilled trades (e.g., machinists, welders, technicians,
operators, designers), engineers, analysts, and researchers.

The United States has a skilled workforce in the auto industry that could support the manufactureof
batteries, alongwithEVs. The automotiveindustry employs approximatelytwo millionpeople. Shoringup
the high-capacity batterysupply chain provides opportunities to employ high -skilled autoworkers facing
disruptioninthe shift to EVs, but a smooth transition is not assuredwithout appropriate planning and
support. First, firms may fail to tap into the existingskillbase. While internalcombustionengine andEV
vehicles require similar amounts of labor to produce accordingto some analyses, their contentdiffers
substantially. However, as automakersand their suppliersretool existingfacilities to produceEVs and
batteries, there is also an opportunityto implement programs andproductionprocesses that retrain the
existingskilledworkforce. Policy support can also help address these issues, for exampleby incentivizing
reemploymentofcurrent powertrainworkers inmakingEVpropulsionsystems at similar wages (with
retrainingas necessary) and supportingemployeerights to unionrepresentation. As the domestic supply
chain is developedand workers are trained attentionis neededto ensureequitable developmentofworkforce

opportunities, includingfor people of color and others who havebeenhistorically underserved,marginalized,
and adverselyaffected by persistentpoverty and inequality.

Additionally, wages inthe new battery industry jobs so far havebeenbelowthose in the powertrainplants
they will replace over time. In the thirdquarterof2020, employees employedingasolineengine and parts
manufacturingand powertraincomponents manufacturingfor motor vehicles earned$ 1,225 per week on
average, includingany overtime, while productionworkers likely makecloser to $925 per week. About 19
percentofmotor vehicle manufacturingworkers are members of labor unions. Top-scale unionizedworkers
earn more than $31 per hour inbase pay. Incontrast, the automotive batteryplants that are in existenceor

are advertisingfor productionworkers pay much less than existingpowertrainplants, in the rangeof$ 17-21
per hour. Inaddition, some existing or announcedEVplants are non-union. To support a sustainable

industrywith a skilledand resilientworkforce, OEMs shouldleverage and support existingauto industry
employees workingin parts of the industryvalue chain that will see a transitioninthe coming years. This
includes throughaccess to training and retrainingsupport and the opportunity to unionizeand collectively
bargain

FOREIGNDEPENDENCE

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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Figure 13. Top four producersofhighestriskbatterymaterials for miningand refining stages.
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Dependenceonpotentialadversaries

The Chinese government's economic control permits it to develop battery critical materials

infrastructure well-ahead of market drivers. Inthe last two years alone, Chinese companies have invested
heavily in this area.106 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 multiple below cost products on the

market and massive Chinese government subsidies raises trade questions.

There is also widespread evidence that China is operating well outside of globally accepted practices for
international commerce. According to one estimate, much of the $ 100 billion in Chinese direct government

subsidies were or are available solely Chinese -based firms or Chinese -based production.107 These subsidies
were also initially withheld from firms utilizing cells from foreign -based firms through certification

requirements. Those certification requirements also appear aimed at extracting IP on cell composition and
construction from foreign - based suppliers. China has used its state-supported position as the leading
manufacturer and consumer of lithium -ion cells to further limit competition in the supply chain for those

cells. China's approach largely consists of granting preferential access to its domestic, largely state run firms,
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
international 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 world to ensure their supply of critical materials like cobalt,
nickel, and lithium .

106

105 ( Mining) NRELAnalysis. USGSMineralCommoditySummaries2019.
https://www.usgs.gov/centers/nmic/meneral-commodity-summaries. ( Refining) NRELAnalysisand

BloombergNEFBatteryMetalsDatabase, accessedMarch7, 2021.

TheNorthernMiner. “ The West needsto level the playingfieldto competewith China” . April23,
2021.:https://www.northernminer.com/op-ed/1003830378/1003830378/. AccessedApril 27, 2021.

107CSIS, “ China'sExpensiveGambleon New-EnergyVehicles” , Informationfoundon pages 9-10. November6 ,
2018. https://www.csis.org/analysis/chinas-risky-drive-new-energy-vehicles. AccessedMay3 , 2021.
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Risksmost likely to strain, disrupt, compromise, or eliminate the supply

Geopolitical: Exportrestrictions, environmental, andhumanrightsconcerns

There are severalgeopoliticaldisruptionsthat couldinterrupt the high -capacity battery supplychain. The first
is the possibilityof China restrictingexportsofcobalt, nickel, lithium, graphite, or finishedanode or cathode

materials, for each ofwhich China has dominantprocessingcapacity. Chinahas shown a willingness to
restrict access to resources, withreductionsin its exports ofrare earthelementsover the past ten years. Thus,
it is reasonableto expect that Chinacould restrict exports of any or allofthe battery supply chain materials it

produces, due to trade tensionswiththe UnitedStates or a simpleprioritizationof domestic customers for its
battery materials. Alternatively, China coulddump processedmaterialsor finished anode and cathode
materialson globalmarkets to reduce competition.

A relatedconcernis the possibilityofsubstandardor less advancedmaterialbeing sold to U.S.cellmakers by
foreignsuppliers. This has been an intermittentissue with smalldomesticcellmakers recentlyas China has
shifted muchofits cathode productionto highnickelNMC. U.S. companieshaveindicatedthat they were
supplied “ previousgeneration” materialas China's cathodeproducersreserve their mostrecent, and best,
materialfor their largervolume Chinesecellmakingclients.

Finally, humanrightsviolations, includingforced labor, andcorruptionare a concernin both the DRC
(where over 50 percent of the world's cobalt is mined) and in China (where egregioushumanrights violations

includinggenocideand othermistreatmentofminoritiesand non-favoredpoliticalfactions continues. )
Humanrights violators should not be allowedto profitby accessingthe U.S. marketor other markets that

upholdrespect for humanrights. Companiesor financial institutions should increasesupply chaindue
diligence to identify and, as relevant, mitigaterisks to links to humanrights violations or corruptionwhich
couldimpact supplychains. Additionally, publicopinioncouldturnsharplyagainstany materialimports
associatedwithhumanrights violations or corruption, requiringU.S. manufacturersto identifyothersources
for inputmaterials.

To ensure that materialsusedinU.S.productsemploy practices that are inline withU.S. values, including
environmentalprotection, humanrights, andenvironmentaljustice at home andabroad, the U.S. can
participateindevelopingstandards. For example, the U.S. Governmentparticipatesinthe International
Organizationfor StandardizationTechnicalCommittee(ISO / TC) 333108 on lithiumand is engaged in efforts
to improvesustainability(environmental, economic, and social) in globalcritical materialsupplychains.

Market/ Economicshocks

The world has experienced several market or economic shocks over the past decades such as the oil price
spike in the late 2000s. Smaller “ irrational price spikes have impacted the battery supply chain over the past
several years, specifically for materials like cobalt, nickel, and lithiumcarbonate. It seems reasonable to
anticipate future spikes inprices 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 several years to significantly expand.

A second market related disruption could emerge from a tax or penalty on products whose production and
delivery entail large CO2 emissions. Ifsuch a policy were to become widespread, prices of Chinese exports to
all customers, including in countries not imposingsuch penalties, could be severely impacted. For example,
EV battery materials made in China and shipped to the United States or Europe would have high CO2
emissions because China uses coal as a primary electricity source, which emits more CO2 per MWh of energy

108

ISO “ ISO / TC 333 , Lithium ” . https://www.iso.org/committee/8031128.html . Accessed April 14, 2021.
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than the fuelmix inthe UnitedStates and Europe, and the materialsmustbe shippedover 7,000 miles to the
UnitedStates, Europe, or other marketsset to grow in the future.

Naturaldisaster / Climate shocks

Furtherstudy is requiredto assess the globalclimatevulnerabilitiesofthe advancedbatterysupply chain.
Fromsea levelriseto extremeheatto more frequentand severe extremeweatherevents, there is significant

potentialfor parts ofthe supply chain to be exposedto this risk. Additionally, policiesthat promoteclimate
riskassessmentand disclosure fromactors alongthe supplychain (andfor all supplychains) can increase

awareness ofthe exposureto climateshocks andpromptappropriateinvestmentin resilienceand 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 COVID -19 pandemic, which is likely to have a prolonged

effect on many markets and manufacturing sectors . China’s dominance in the lithium -ion battery
manufacturing supply chain led to significant worldwide effects during the onset of the COVID - 19 pandemic,
with complete shutdowns during the first few months of the COVID -19 pandemic leading to a halt ofmany
manufacturing plants, including those held by CATL and BYD.109 During the pandemic, North American

lithium -ion battery manufacturers implemented plans to limit impacts on their supply chains from products
coming out ofChina amid widespread shutdowns. These changes led to temporary production shifts from
China to Japan and South Korea for some inputs.110 In addition to manufacturing, COVID - 19 had a

significant effect on upstream minerals production and availability.111

The COVID - 19 pandemic's rippling effects on critical minerals and the lithium - ion battery supply chains
highlight the risks ofnon -diversified market streams. Risk mitigation strategies and a renewed focus by the
United States on diversifying and securing the supply chains for lithium -ion batteries are critical for

widespread clean energy development domestically. Focusing on increasing sources for critical minerals and

ramping up NorthAmerican manufacturing could result in fewer disruptions during future worldwide crises .

GLOBAL FOOTPRINT

China, India, and the EUhave alloutlinedhigh -level plans to incentivizedomesticadvancedbattery
manufacturingand demand. Similarly, AustraliaandFinlandare seekingopportunitiesto develop their

battery industriesand leveragetheir domesticnaturalresources. Incontrast, the UnitedStateslacks a

comprehensivestrategy to incentivizeinvestmentinthe industry. Some U.S. states havediscretepoliciesto
incentivizedemandfor EVs and /or stationarystorage and policiesaimed at improvingthe generalbusiness
climate, butpoliciesdo not exist that target the end-to-end advancedbatteryindustryin a coordinatedway
that can supportU.S. leadership the advancedbattery supplychain like manyotherglobalplayershave.

AUSTRALIA

Despitesignificantnaturalresource endowmentsofbattery -relatedmaterials, Australiahas not yet developed
a broaderecosystemfor advancedbatteries. Australianstate governmentshave introducedincentivesto
support the developmentoflocalbattery industries, but the AustralianGovernmenthas not yet developeda
comprehensivenationalstrategy to develop a domestic battery industry.

Australiahas an abundanceofkey commoditiesneeded to produce advancedbatteries, such as lithium , nickel,
vanadium,graphite, manganese, and alumina. Thesecommoditiesrequire processing, however, before

109 Dyatkin, B., Meng, Y.S. COVID- 19 disrupts battery materials and manufacture supply chains , but outlook
remains strong. MRS Bulletin 45 , 700–702 2020). https://doi.org/10.1557/mrs.2020.239
110 Dyatkin, B., Meng, Y.S. COVID- 19 disrupts battery materials and manufacture supply chains , but outlook
remains strong. MRS Bulletin 45 , 700–702 2020). https://doi.org/10.1557/mrs.2020.239
111 IEA International Energy Agency . “ Clean energy progress after the Covid- 19 crisis will need reliable supplies
of critical minerals ” May 6, 2020. iea.org/articles/clean-energy-progress-after-the-covid-19-crisis-will-need
reliable - supplies of-critical-minerals. Accessed May 3 , 2021.
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becomingbatterymaterials.112 currentlyhas no commercialproductionofClass 1 chemicalsor
battery precursors. Australia also hasnocellmanufacturing, but it does have an active battery pack assembly

industry. Australia only recycles two percentofits lithium - ion batteries, and its recyclingprocesses typically
disassembleand homogenizematerials for export to places like Korea, which have developedbattery
recyclingcapabilities.

Australiacurrentlylacksbattery-specific initiativesat the nationallevel. A recent report noted that the 59
majorpolicies, grants, and programsapplicableto batteryindustriesare also applicable to broaderindustries,
includingminingor manufacturing.113SeveralAustralianstate governmentsincludepolicies to support
increaseddemand for batteries intheir state-level energypolicies, however, primarily inWesternAustralia.

The UnitedStates counts Australia as one ofits partners inthe Energy ResourceGovernanceInitiative
(ERGI). Thereare already science and technologylevel engagementswith Australia as well as shared best
practices in the miningsector.

CHINA

China maintains a significant 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 Minerals Intelligence (Figure 15) .
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Figure 14. China's ofbattery production in full year, 2019.
China's share of production % in full year 2019 *

80%
66%

73%

23%

Upstream Mining MidStream Mid Stream

Refining Cathode & Anodes
Lithium Cobalt Nickel Graphite , Manganese ,Cathode Anode accounted for in calculations

Downstream

Lithium ion Battery Cells
Source: BenchmarkMineralIntelligence

China's dominance in the battery industry is focused on mid- stream and downstream production. Chinese
chemical production of Class 1 raw materials stood at 80 percent of total global output in 2019.115 China is
the world's major processor of lithium carbonate into lithium hydroxide , cobalt into cobalt sulphate ,

manganese refining, and uncoated spherical graphite refining. China's ownership of the chemical conversions

112Argus Media, “ Australia's downstream lithiumsector takes shape” February 24,2021.
https://www.argusmedia.com/en/news/2189935-australias-downstream-lithium-sector-takes-shape
113 Australian Government Department of Industry, Science, Energy, and Resources, “ State of Play, Australia's
Battery Industries”. Producedfor the Future Battery Industries CRC. https://fbicrc.com.au/wp
content/ uploads/ 2020/10/ 20-00191_MR_REPORT_FBICRC-StateOfPlayBattery_WEB_201002.pdf. Accessed
May 3, 2021.
114Mining.com, “ on battery metals supply chain ” . May 7 ,2020. https://www.mining.com/chart
chinas-grip -on-battery metals-supply-chain. Accessed May 3, 2021.
115 Benchmark Minerals Intelligence, “ China Controls Sway of ElectricVehicle Power Through Battery Chemicals,
Cathode and AnodeProduction”. May6,2020. https://www.benchmarkminerals.com/membership/china-controls
sway-of-electric vehicle-power-through-battery-chemicals-cathode-and-anode-production/. 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
value -added production .

China has identified what it refers to as new energy vehicles (NEV ), largely synonymous with EVs, and
electrical grid equipment (e.g. , electricity grid storage systems) as critical industries ” in its industrial plans ,
including “ in China 2025 ” and “Strategic Emerging Industries ”. According to Made in China 2025 ,
NEVs and electrical grid equipment are priorities to develop locally or purchase relevant technologies from
abroad . Inpursuit of this goal, China has created a range of policies to assist Chinese vehicle enterprises and
energy companies to develop or acquire technologies and localize manufacturing in China.116 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 market or benefitting from various incentives. While China has
high production levels of lithium -ion battery cells , a substantial proportion of the production to date has been
lower quality , although the quality is improving over time.

Beginning in 2010 , central government provided EV manufacturers with a retail level subsidy of up to
$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 . Some sub - central governments also
offered additional subsidies . Electric 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 Information Technology (MIIT ). Initially, mostly
vehicles made in China were included in this catalogue; imported vehicles did not receive the subsidy.11
Some Chinese cities also waive sales and usage taxes and exempt vehicles included in MIIT's catalogue from
city license plate lotteries, meaning they can be purchased and registered by consumers without long delays.119

118

120, 121, 122

From2015 to 2018, Chinaintroduceda series ofmeasures that linkedthese subsidies to the useof

domestically-madebattery cells and requireda transition to productionin-country by vehicle manufacturers
operating in the Chinese market.123 This resulted in significant loss ofbusiness for U.S. and othernon
Chinese cell manufacturers and factored into future manufacturingplant decisions by multinationalfirms.124,
125

116
“ China'sExpensiveGambleon New-EnergyVehicles”, November6, 2018.

https://www.csis.org/analysis/chinas-risky-drive-new-energy-vehicles. AccessedMay3, 2021.

117 BenchmarkMineralsdefinesproductionqualitycapabilitiesbasedon a three-tiered system. Productioninthe
UnitedStates, the EU , Japan, andKoreaoccursfromtier one supplierswho can supplyglobalmanufacturers. About
a thirdofChina'sproductionis consideredtier two whichcan only supportcarssoldinChina. Anotherthird (tier

three) quality is too lowsupportautomotiveuse. Tesla selectionofCATLas the batterymanufacturerto provide
cells for one of its vehiclevariants madeinChinademonstratesthe growingcapabilityofChinesecell suppliers.

118 CSIS, “ China'sExpensiveGambleonNew-EnergyVehicles” , November6 , 2018. Informationfoundon pages
9-10 ofreport. https://www.csis.org/analysis/chinas-risky-drive-new-energy-vehicles. AccessedMay3 , 2021.

119The policiesvary by city. For instance, Beijingstillhasa quotafor NEVs, but it is separateandlargerthan the
quotafor combustionvehicles.

120Gasgoo, ChinaAutomotiveNews. “ Chinaannouncespurchasetax exemptionfor NEVsboughtfrom2021to
2022” , April 22, 2020. http://autonews.gasgoo.com/new_energy/70017077.html. AccessedApril 14, 2021.

121Electrive, “ Chinato removequotason licenceplatesfor NEVs” , June 9, 2019.
https://www.electrive.com/2019/06/09/china-to-lift-quotas-on-nev-licence-plates/, AccessedApril 14, 2021.

122GlobalTimes, “Beijingto releasenewlicenseplate lotterypolicy” June 1, 2020.
https://www.globaltimes.cn/content/1190224.shtml#:~:text=The%20government%20of%20Beijing%20on,acceptan
ce % 20rate% 20for% 20the% 20households. AccessedApril 14, 2021.

123 CSIS, “ China'sExpensiveGambleon New-EnergyVehicles , November6, 2018.

https://www.csis.org/analysis/chinas-risky-drive-new-energy-vehicles. AccessedMay3, 2021.
4 CSIS “ China'sExpensiveGambleon New-EnergyVehicles”, November6, 2018. Informationfoundon pages

9-10 ofreport. https://www.csis.org/analysis/chinas-risky-drive-new-energy-vehicles. AccessedMay3 , 2021.

125 For example, Tesla has recentlystartedmanufacturingoperationsinChina. Inadditionto Tesla Model3 sales
fromthe new Shanghaifacility, whichopened days beforethe end of2019 Tesla estimatesthat its ModelY will
also beginproductionin the 4thquarterof2020. As a result the locallyproducedModel3s no longerface Chinese
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Recent policy goals aim for EVs to constitute at least 25 percent of the Chinese market in by 2025.126 In the
area of electric buses , China dwarfs the rest of the world for many reasons , including generous government
subsidies and regulatory incentives for both producers and end -users . In 2018 , China's electric bus fleet
comprised 421,000 out of a total global fleet of 425,000 . By comparison , the U.S. electric bus fleet in 2018
totaled 300 vehicles.127 Enabled by subsidies, Chinese -based bus manufacturer BYD dominates the global
market.128 BYD has opened facilities around the globe, including in the United States , where it is competing
with less established market competitors for electric bus sales.129, 130

China has for several years dominated 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
vehicles.131,132,133 By 2019, the global EV market had swelled to 2.1 million units annually, with over 50
percent of sales in China .134 COVID- 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
percent 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 39 percent.1135,136,137

127

129

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 Chinese market at its previously
higher price points.
126 Reuters, “ China wants new energy vehicle sales in 2025 to be 25% of allcar sales , December 2, 2019.
https://www.reuters.com/article/us-china-autos-electric/china-wants-new-energy-vehicle-sales-in-2025-to-be-25-of
all -car- sales - idUSKBN1Y70BN . Accessed May 3 , 2021.

Bloomberg, “ The U.S. Has a Fleet of 300 Electric Buses . China Has 421,000 , 15 , 2019 .
https://www.bloomberg.com/news/articles/2019-05-15/in-shift-to-electric-bus-it-s-china-ahead-of-u-s-421-000-to

Accessed May 3, 2021 .
128 Fortune , “ 13 years after investing in an obscure Chinese automaker , Warren Buffett’s BYD bet is paying offbig” ,
March 2 2021. Investors in BYD are global example , Berkshire Hathaway Inc. purchased is now equivalent
to approximately 25 percent of the stock in 2008 .
https://fortune.com/2021/03/02/warren-buffett-investments-berkshire-hathaway-byd/ . Accessed May 25, 2021.

BYDhaselectricbusmanufacturingsites inCalifornia, France, Hungary, and a JV inthe UnitedKingdom.

CV News, “ BYDOpens NewElectricBus FacilityinHungary”, April5 , 2017. BYDopensnew electricbus facility
inHungary- CV news. AccessedMay25, 2021.

BYDNorthAmericaCompanyProfile RecyclingProductNews. AccessedMay 25, 2021.
BYDEurope. AccessedMay25, 2021.

130 Think Progress, “ The buswars are over. Electricity— and China won ” , May 24 , 2019.

https://thinkprogress.org/electric-buses-outsell-diesel-china/. AccessedMarch31, 2021.
131InternationalCouncilon CleanTransportation. PolicyUpdate, “ ChinaAnnounced2019 Subsidiesfor new

Vehicles”, 2019. https://theicct.org/sites/default/files/publications/ICCT_China_Nev_Subsidy_20190618.pdf
AccessedMarch31, 2021.

BloombergNEF, Electric Vehicle Outlook 2020, Interactive Dataset, April 2020. Available for purchase.
Accessed March31, 2021.

133 EV purchase subsidies were cut by approximately 50 percent on June 26, 2019. Inaddition, vehicles with ranges

below 250 kilometers ( 155 miles) per charge no longer qualify. The 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.

GlobalEV Outlook2020. Technologyreport, June 2020. https://www.iea.org/reports/global-ev-outlook-2020.
Accessed April 27 , 2021.
135 EVVolumes, “ GlobalPlug- inVehicle SalesReachedover 3,2 Millionin2020” , data found infigure titled
“ PHEV Salesand% Growth”, https://www.ev-volumes.com/AccessedMarch31, 2021.
136BloombergNEF, ElectricVehicleOutlook2020, InteractiveDataset, April2020. Availablefor purchase.
Accessed March31, 2021.
137Bloomberg, BuyersSnappingUpNew Cars, Even IfThey'rethe Wrong Color”, March31, 2021.
https://www.bloomberg.com/news/articles/2021-03-31/buyers-are-snapping-up-new-cars-even-if-they-re-the-wrong
color. AccessedApril24, 2021.
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EUROPE

The EUhas prioritizedbattery supply chains under the EuropeanCommission'sindustrialpolicy throughthe
EuropeanBatteryAlliance, whichlaunchedin 2017. Accordingto the Alliance: “ The immediateobjectiveis
to create a competitivemanufacturingvalue chaininEuropewith sustainablebattery cells at its core. To

preventa technologicaldependenceon our competitorsandcapitalizeonthe job, growthand investment
potentialof batteries, Europehas to move fast in the global race.” 138 The alliancecreateda strategicplanfor

realizingthese goals that seeks to secure battery manufacturingand access to criticalmaterialsacross the
entire supplychain.

InDecember2019, the EUstated the batterysectorwas of“ strategic interest andannounceda $3.5 billion
fund to promoteR& D of batteriesto increaseEuropeanglobalcompetitiveness. The fund is slatedto be

completedby 2031 and an initial$3.5 billionwas providedby seven countries: Belgium, Finland, France,
Germany, Italy, Poland, and Sweden. The EUis anticipatingthis fundwillcatalyzeapproximately$5.5 billion

inprivatesectorinvestmentin the region, while leveraging17 direct participantsincludingBASF, BMW,
Opel, andVarta.

The impacts ofCOVIDwere also felt inthe Europeanauto market. Overall, 2020 Europeanvehicle sales

were downroughly 20 percent for the year However, plug- in vehicle sales were up 137 percent in2020

over 2019 sales. EVsales also hit recordhighs as a portionof sales at over 10 percent of totalLDVsales.
The Europeanmarket thus overtook China for total EV sales with 1.3million units sold in2020.

Increasedsales are the resultofa numberof policy measuresincentivizingEVsales that are administeredat
the both the EUandmember-state level.141ThemostimpactfulEuropeanpolicymeasurefor stimulating
marketdemandand attractingmanufacturingin the regionbeganthis year, when regulationsrequiring95

percentof an automaker’sfleet to emit no more than 95 grams of carbondioxideper kilometertook
effect.142,143 Steep non compliance fines are drivingautomakers to speed up the electrificationof their lineups

by offeringmoregasoline-electrichybridsand carspoweredby batteries.144, 145 modelswill be produced

138
EuropeanCommission, EuropeanBatteryAlliance, Annexto the Communicationfromthe Commissionto the

EuropeanParliament, the Council, the EuropeanEconomicand SocialCommitteeandthe Committeeofthe
Regions”, Brussels, 17.5.2018COM(2018) 293 finalANNEX2, Page 2.

https://ec.europa.eu/transport/sites/transport/files/3rd-mobility-pack/com20180293-annex2_en.pdf. AccessedApril
27, 2021

139EVSalesBlogpost. “ Q1-Q3 2020 Salesby OEM ” , October30, 2020. http://ev-sales.blogspot.com/2020/10/.
AccessedApril 27, 2021.
140BloombergNEF,” 1st Quarter 2021ElectrifiedTransportMarketOutlook”, March9, 2021. AccessedApril 27,
2021

141For example, EVs are exempt frompurchasetaxes includinga 25 percentvalueaddedtax on purchasesin
Norway. As a result, Norwayleads the worldin EV sales as a percentageofpassengervehiclesales withover 50

percentofnewvehicle salesbeingEVs. Inthe Ne erlands, EVshaveno roadtax for 5 years, areexemptfrom the
luxurycar tax which canrange from a few hundredto over€ 10,000( approximately$ 11,170) and face significantly

lowerincometax on companycars providedfor privateuse. Inthe UK, tax changes for companycars resultedin
EV sales to be up a 145 percentwith a marketshare ofnearlysix percent. InFrance, EVsaleswereup 400percent
in January2020 with an 11 percent market share. Although these rates are unlikely to be sustained in France, it does

signal strong growth.
Bloomberg, Europe's Tough Emissions Rules Come With $ 39 Billion Threat ” , June 26, 2019.

https://www.bloomberg.com/news/articles/2019-06-26/europe-s-tough-new-emissions-rules-come-with-39-billion
threat. Accessed April 27, 2021.
143 This 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 phase-in period . Cars that emit less than 50 grams of CO2
per kilometer will count for two cars in 2020 .

Approximately $ 106 per gram CO2 for each car over the target.
145 Estimates suggest that the availability ofplug-in models will increase by around 40 percent.
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in high volumes , including vehicles such as Volkswagen’s ID4. Most of these new models have

improved capabilities, such as faster charging or longer range, or lower costs .
146 , 147

FINLAND

Like Australia, Finlandpossesses significant natural resourcesofbattery-related materials, such as nickel,
cobalt, and lithium . Beyond resource endowments, Finlandhas refiningcapacity for nickel, cobalt, and
copper.148 Incontrast to Australia, Finland has access to a much larger market for battery-related products,
due to Finland's proximity to the European market and its status as an EU member-state. Finlandis seeking
to position itselfas a key supplier in the Europeanbattery value chain. OnJanuary 26 , 2021,Finland's

Ministry of EconomicAffairs and Employment released its NationalBattery Strategy 2021.149

Finlandseeks to leverage its experience inminingand refiningits mineral reserves to position itselfas a
sustainable supplier to Europe. Finland's national strategy prioritizes several focus areas: (1 production of
battery materials; (2) advanced battery materials; (3) battery and production technologies; and ( 4) solutions.

INDIA

India aspires to serve as a global leader in the deployment and manufacturing of battery energy storage
systems.150 On November 11, 2020, the Government of India (GOI approved a Production -Linked

Incentives (PLI) program of approximately $27 billion over five years for ten key sectors , which is intended
to encourage domestic manufacturing, reduce imports , and generate employment.151 The program provides

nearly $2.5 billion in incentives for Advance Chemistry Cell (ACC) 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 the twenty - first century for several global 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
objective of “ Self - Reliant India.” InMarch 2019, the GOI established the National Mission on

Transformative Mobility and Battery Storage under the “Make in India ” campaign . 152, 153 India is leveraging

its central, state-owned Energy Efficiency Services Limited (EESL) to serve as the leading procurer of
technologies for the Indian market ( e.g., EVs and charging infrastructure ). EESL aggregates purchases of

state- level electric utilities to tender large - scale procurements . Additionally , this state-owned enterprise has
partnered with a United Kingdom firm to invest in global projects , including a $ 12 million investment in a
battery project in Ontario , Canada .154 Indian firm Greenko Energy Holdings also emerged in November

146 Road and Track, “ 2020 Volkswagen ID.3 Electric Hatch Will Offer Up to 341 Miles of Range , September 9,
2019. https://www.roadandtrack.com/new-cars/a28968767/2020-volkswagen-id3-electric-hatch-pictures-range
specs- info -price . Accessed April 27, 2021.
147 Auto Express, “ Volkswagen ID.3 vs Volkswagen e-Golf https://www.autoexpress.co.uk/volkswagen/e
golf / 107409/ volkswagen -id3 -vs- volkswagen - e -golf. Accessed April 27, 2021 .
148 BloombergNEF , “ Finland's Performance on lithium- ion battery supply chain ranking, ”
https://www.bnef.com/shorts/10129 . Accessed April 27 , 2021.
149 Business 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/national-battery -strategy -a -framework - for -a -competitive-and -sustainable -battery -industry
150 https://niti.gov.in/writereaddata/files/document_publication/India-Energy-Storage-Mission.pdf . Accessed April
27 , 2021
151 PIB Delhi, “ Cabinet approves PLI Scheme to 10 key Sectors for Enhancing India's Manufacturing Capabilities
and Enhancing Exports – Atmanirbhar Bharat”,https://pib.gov.in/PressReleasePage.aspx?PRID=1671915 .
Accessed April 27 , 2021.
152 PM India, https://www.pmindia.gov.in/en/news_updates/cabinet-approves-national-mission-on-transformative
mobility -and -battery -storage . Accessed April 27, 2021.
153 The GOI is in the process of consolidating the National Mission on Transformative Mobility and Battery
Storage and the National Mission on Energy Storage targeted at grid storage) into one cohesive strategy .
154 Energy Storage News, https://www.energy-storage.news/news/indian-government-backed-jv-invests-us12m-in
ontario -battery project. Accessed April 27, 2021 .
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2020 as the preferred buyer for U.S. company NEC Energy Solutions,which holds IP rights for megawatt
scale lithium - ion batteries.155
JAPAN AND SOUTH KOREA

Japaneseand SouthKoreanmanufacturersare involvedin mostbatterycell productioninvestmentsoutside

of the Chinesemarket. TheirdomesticEV marketsarenotdrivingsubstantialgrowth, so mostoftheir new
cell productioninvestmentsto this point are notoccurringwithinJapan or Korea. Instead, investmentsare
occurringin the largerChinese, European, andNorthAmericanmarkets. However, Japandoubledits EV

purchaseincentiveto approximately$7,700 ¥ 800,000) per vehiclein December2020, which shouldleadto
increasedsales intheJapanesemarket.156 The Governmentof Japan alsorecentlyannouncedplans to ban
gasoline-only car salesby the mid-2030s. Likewise, inJuly 2020, Koreaextendedits EVsubsidiesto 2025.157

DEFENSEPARTNERSHIPS

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 defense, science, 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 multilateral 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 inpartnerships already
exist

OTHERS

Through the ERGI, led by State , and the 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

NATIONALSECURITY

Inaddition to the economic imperative for a competitive EV and advanced battery sector , DOD requires
reliable , secure, and advancedenergystoragetechnologiesto support critical missionscarried out by joint

forces, contingencybases, and military installations. Facedwith increasingkinetic andnon -kinetic threats,
DODis shiftingtoward more distributed, austere, and autonomousoperationalconceptscarried out by

platformsand installationswith escalatingpowerrequirements. As such, DODprefers domesticallysourced,

high -density energy storage to support agile forces utilizingpower-hungrypropulsion, communications,
sensors, and weapons. However, the DOD supply chain is challenged due to the uniquenature of batteries

for weapons systems, as well as constitutingonly a small percentage of the larger commercial market for

advancedbatteries. As advancedlithium - ionbatteries become strategically important, so too do assured
sourcesof critical and materials needed to sustain a robust and resilientdomestic industrial base.

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.

155 Livemint,https://www.livemint.com/industry/energy/greenko-emerges-preferred-buyer-for-nec-corp-s-us-unit
for-300 -million- 11606202343984.html. AccessedApril 27, 2021.
156 InsideEVs,” Japan Doubles Subsidies On Plug-InElectricCars”, https://insideevs.com/news/461183/japan
doubles-subsidies on -plugins/. AccessedApril 27, 2021.
157PulseNews, “ Korea to extend subsidies for electric cars to 2025 to support green New Deal”, July 17, 2020.
https://pulsenews.co.kr/view.php?year=2020&no=733375. AccessedApril 27, 2021.
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Yet the risingdemandanddiversityofapplicationsfor lithiumbattery technologieswithin DOD, the

decreasingroleof defenseindriving commerciallithiumbatterymarkets, and the prominenceof adversary

influenceover supply make the future strategic concernevengraver. To meet surface, undersea, space, air,
andgroundoperationalrequirements, DODwillneed reliableand secure advancedstorage technologies.158,
159, 160, 161, 162, 163 , 164

Authorities

Available authorities to direct defense acquisitionor influencedomesticindustry in the interestof national

security include the IndustrialBase Analysis and Sustainment (IBAS) and ManufacturingTechnology

programs underTitle 10 U.S.C., the DefenseProductionAct (DPA), the Buy AmericanAct, and the National
DefenseStockpiling(NDS) Act underTitle 50 U.S.C. In addition, the CommitteeonForeignInvestmentin

the UnitedStates (CFIUS) reviews certain individualforeigninvestmenttransactions for nationalsecurity risk,

includingtransactions involvingcritical supply chains, and addresses such risk in the context of each specific
transaction.

The IBAS program is dedicated to ensuring that DOD is positioned to more effectively and efficiently

address industrial base issues and support the National Security Innovation Base. The IBAS program ,
directed inTitle 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 and non -rechargeable battery industry as a
concern in the FY20 Industrial Capabilities Report to Congress, yet industrial base efforts to-date have been
uncoordinated across DOD and the Federal Government and inefficient due to the lack of DOD -wide

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 components containing foreign specialty metals. Together , these
provisions aim to limit the presence of foreign - sourced materials and products . However, the imperatives of

mission requirements and cost, and the often -small percentage that a battery represents in an overall 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 , Title 31, 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 process , though 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 NDSAct authorizesthe Presidentto determinewhichmaterialsare strategicand critical for the purposes
of nationaldefense. The DefenseLogisticsAgency Strategic Materials (DLA -SM ) providesoperational

158 Assessing and Strengthening the Manufacturing and Defense Industrial Base and Supply Chain Resiliency of
the United States. September, 2018. Accessed May 25, 2021.
159 Offshore Battery Production Poses Problems for Military ( nationaldefensemagazine.org ). November 18, 2018 .
Accessed May 25 , 2021.
160 Evaluation of DoD Contracting Officer Actions on Questioned Direct Costs ( Project no . D2019 - DAPOCF
0130.000 ) ( defense.gov ) April 23 , Accessed May 25, 2021 .
161 US Navy Electric Ship Program Office Presentation, April 23 , 2019 .
https :// ests 19.mit.edu/2019_ESTS_Program.pdf . Accessed May 25, 2021.
162 Industry White Paper: Industry Perspective on the American - Made and Defense Industrial Base regarding
Lithium Ion Batteries and Technology , May 3 , 2019. Accessed April 14, 2021.
163 FP Analytics Testimony 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 Testimony US Senate Committee on Energy & Natural Resources
Committee . February 5, 2019. 6A3B3A00-8A72-4DC3-8342 -F6A7B9B33FEF ( senate.gov ) . Accessed April 14,
2021.
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oversight and is the field operator for the NDS Program. In this capacity, DLA-SM assesses 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
Program’s biennial Strategic and Critical Materials Report to Congress on Stockpile Requirements
(Requirements Report) must pass through a rigorous, data-driven screening process that evaluates several
variables including production concentration, market growth, and import vulnerability.

The Requirements Report models material demand and supply against a declared national emergency
consisting of a conflict with a near-peer and an attack on the homeland. During the postulated national
emergency, supplies of materials from unreliable countries 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 other mitigation actions, such as
qualification 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 major materials required for high-capacity batteries. Further, the NDS Program
currently stockpiles several lithium-containing battery precursor materials. The specificity of material
composition and structure required for state-of-the-art cells and batteries limits 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 train, move, 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 Environment (ASD(EI&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 statute requires 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 in R&D presents 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 limited to the following:

• SiliconAnodeshave a theoreticallithiumstoragecapacity10 times that of currentlyused graphite.

Siliconis a naturallyabundant and low-cost material,and models show that silicon can a reducebattery

costs below $100/kWhcomparedto current costs of $150-175/kWh.165 Challengeswithsiliconanodes

include volumeexpansionchallenges andcalendar life issues.166 Suchissues are currentlybeing

investigatedby researchers. Raw material sources for silicon, includingpolycrystallinesilicon, silicon

oxides, andsilane gas, are fairly ubiquitous, and large-scaleproductionof polysiliconwas originally

centeredinthe UnitedStates. Fivefacilities, locatedin Michigan,Tennessee,Montana,Alabama, and

165 D. Lila. “AchievingTesla’s 56 percent battery cost reductionstrategy—withavailable material technology.”

PV Buzz. Sept. 23, 2020. https://pvbuzz.com/tesla-battery-cost-reduction-strategy/.Accessed Apr. 6, 2021.
166 Jin, 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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167BloombergNEF,"EquipmentManufacturers– PV2020" InteractiveDatabase.Available for purchase. Accessed

December14,2020.
168"GlobeNews Wire,“RECSilicon - Group14Technologiesand RECSiliconAnnounceU.S. AdvancedSilicon

Anode ProductionFacilityto MeetDemandfor ‘Electrificationof Everything’Decade”,October 13,2020. [Online].
https://www.globenewswire.com/news-release/2020/10/13/2107180/0/en/rec-silicon-group14-technologies-and-rec-

silicon-announce-u-s-advanced-silicon-anode-production-facility-to-meet-demand-for-electrification-of-everything-
decade.html. AccessedApril14,2021.
169BloombergNEF,“China invests$29 billionto beat U.S. semiconductors”,November5,2019.
https://about.bnef.com/blog/china-invests-29-billion-to-beat-u-s-semiconductors/.AccessedMay 25,2021.
170SheffieldHallamUniversity,“In BroadDaylight:Uyghur ForcedLabour and GlobalSolar SupplyChains,
https://www.shu.ac.uk/helena-kennedy-centre-international-justice/research-and-projects/all-projects/in-broad-

daylight. AccessedMay25,2021.
171SEIA,“Solar CompaniesUnite to PreventForcedLabor in the Solar Supply Chain”,February4,2021

https://www.seia.org/news/solar-companies-unite-prevent-forced-labor-solar-supply-chain.AccessedMay 25,
2021.
172SEIA,“Solar SupplyChain TraceabilityProtocol”,https://www.seia.org/research-resources/solar-supply-chain-
traceability-protocol.AccessedMay25,2021.
173 M. Ashuri,Q. He,L.L. Shaw. "Siliconas a potentialanode material for Li-ionbatteries:where size,geometry
and structure matter,"Nanoscale,8, (2016)74. doi:10.1039/C5NR05116A.AccessedApril14,2021.
174W. Li,X. Sun,Y. Yu. "Si-,Ge-,Sn-BasedAnode Materialsfor Lithium-IonBatteries:FromStructureDesign
to ElectrochemicalPerformance,"SmallMethods,1,1600037(2017). doi:10.1002/smtd.201600037.Accessed

April 14,2021.
175A.F. Gonzalez,N.-H. Yang,R.-S. Liu. "SiliconAnode Designfor Lithium-IonBatteries:Progressand

Perspectives."J. Phys. Chem.,121(2017), 27775 doi:10.1021/acs.jpcc.7b07793.AccessedApril14,2021.
176G. Lui,S. Xun,N. Vukmirovic,X. Song,P. Olalde-Velasco,H. Zheng,V.S. Battaglia,L. Wang,W. Yang.

"Polymerswith TailoredElectronicStructurefor High-CapacityLithiumBattery Electrodes,"Advance. Mater. 23
(2011) , 4679. doi: 10.1002/adma.201102421.AccessedApril14,2021.
177C. Wang,H. Wu,Z. Chen,M.T. McDowell,Y. Cui,Z. Bao. "Self-healingchemistry enablesthe stable
operationof siliconmicroparticleanodesfor high-energylithium-ionbatteries,"Nature Chem. 5 (2013)1042. doi:

10.1038/nchem.1802
178J. Choi,D. Aurbach. "Promiseand realityof post-lithium-ionbatterieswithhighenergydensities,"NatureRev.

Mater. 1 (2016)16013. doi: 10.1038/natrevmats.2016.13.AccessedApril 14,2021.
179 E.M. Erickson,E. Markevich,G. Salitra,D. Sharon,D. Hirschberg,E. de la Llave,I. Shterenberg,A.

Rosenman,A. Frimer,D. Aurbach. "Developmentof AdvancedRechargeableBatteries:A ContinuousChallenge

Ohio, producepolysilicon from silanes (generatedon-site) in the UnitedStates.167 A sixth facility, located

inWashingtonand, at the time, the third-largest polysilicon plant in the UnitedStates, was closed in2019

and scheduledto be sold; however, in2020, the owner, Norwegiancompany REC Silicon, formed a

partnershipwith Group14 Technologies, a lead domestic manufacturer of silicon-basedanode batteries,

to restart the plant.168

o Inspite of an early advantage in polysilicon production (87 percent of total global
production in 2004), significant ground has been lost to China in the intervening years as
China built and strengthened its supply chains for the photovoltaic and semiconductor

industries.169 U.S. production of polysilicon comprised less than 10 percent of total global
production in 2020. Further complicating supply chain matters are the credible charges of
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 to shift their dependence on XUAR-based polysilicon to more transparent and
ethical suppliers by mid-2021.171 SEIA also introduced a “traceability protocol” for the solar

supply chain, but it requires an independent third party auditor.172 R&D funded by

DOE’s VTO has addressed cycle life issues with silicon anodes (from 100 to >1,000

in the past five years). Continued DOE-funded R&D is focused on the reactivity

with current electrolytes and electrode stability due to silicon volume change during

cycling.173, 174, 175, 176, 177, 178, 179
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• LithiumMetalAnodesare seenas the ultimategoalfor improvingbattery energyandcost. Lithiumhas

over 10 times the storagecapacity of currentlyusedgraphite,but suffersfrompoor cycle lifeand
occasionalsafety issues. Lithiummetalbatteriesare beingpursuedontwoparallelpathways:withliquid

electrolytes,oftenmodifiedrecipesof conventionallithium-ionelectrolytes,and withsolidelectrolytes.180
Thereare two potentialmethodsfor high-volumemanufacturingof lithiummetalanodes. For high-
capacity anodes,lithiummetal foils of >20-micronthicknesswouldbeproducedfrommetalliclithium

ingots by extrusion,andthenappliedto the current collectorand/or electrolyte(inthe caseof solid-state
batteries)by lamination. Minimizingexcess lithiumraises batteryenergy densitybut films of thickness
<20micronwouldhaveto beproducedby anevaporativeprocess,most likely physicalvapor deposition.

The DOEVTOBattery500Consortiumhas improvedenergyand cycle lifefrom250Wh/kgand 50
cycles to 350Wh/kgand400 cycles over the past four years. DOEis also fundingthinfilm(<20-micron)
lithiummetalproductionefforts.

• Solid-StateBatterieshave the potentialto facilitateuseof lithiummetaland silicon-basedanodes, and
increasesafetythroughthe eliminationof flammableliquidelectrolytes. Currently,issueswith lifeand
power severelylimit solidstatebatteryuse. Thereare threecategoriesof solid-stateelectrolyte(SSE):

polymer-based,sulfide-based,andceramic-(metaloxide-)based. Eachfaces challengesin cell
performanceand high-volumemanufacturing. U.S. researchersare at the forefrontof this work, and
rapidly scaling a successfulsolid-statebattery supplychain shouldbe a priorityto the UnitedStates. This

means adequatelyfundinginnovativeR&Dandthen rapidlyshiftingresourcesto set up a domestic
supply chainwhena breakthroughis achieved,andbeingpreparedto do so by advanceplanningalong
parallelpathwaysfor differentelectrolytecandidates. Therewill be a significantadvantageto early

movementon this technologyonceits benefitsare realizedas companiesinother countriesalready
recognizethe utility of solid-statebatteries. One commonchallengefor solidstate cells is the abilityto

meet bothpowerandcyclelife requirementsinlarge,automotiveformat (10Ahor larger)cells. Thus, if a
candidatesolidstatetechnologyis scaledto performincells of that size anddemonstratesthe abilityto
meet EV power andcycle liferequirements,thenfurtherscaleupand supplychain captureshould

becomea priority.

• Next-generation Cathodes are needed to substitute for today’s cathodes which use critical materials
such as cobalt and nickel. There is potential for the use of novel higher capacity cathodes based on
abundant and inexpensive elements such as sulfur, iron, manganese, or even air-based cathodes. Such
systems, despite their potentials for higher energy than commercially available EV batteries, are far from
commercial realization, as their cycle life is poor.

Regional economic growth

As mentioned above, sub-component and cell manufacturing tracks closely with downstream manufacturing,
demonstrating the desire for co-location of suppliers. Sub-component manufacturing is largely concentrated
in the Midwest and Southeast regions of the United States. Economic growth is expected in these areas.
Existing programs to support domestic innovation ecosystems are important resources (e.g., Small Business
Administration’s Regional Innovation Clusters and Federal and State Technology partnership, as well as
Commerce’s Economic Development Administration Build to Scale).

Cell manufacturing has also largely followed downstream demand centers (e.g., Tesla’s Gigafactory being built
close to California’s large demand.) Demand centers have grown in response to policy incentives to promote

in the Choice of Suitable Electrolyte Solutions," J. Electrochem. Soc. 162 (2015) A2424. doi:

10.1149/2.0051514.jes. Accessed April 14,2021.
180D. Lin,Y. Liu,Y. Cui. “Reviving the lithium metal anode for high-energy batteries.” Nature Nanotech. 12

(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 must include 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 Justice 40 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 includes many success stories 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 in attracting domestic
capital needed to commercialize their technology and IP during intermediate phases of technology
development for material and process scale-up; it is often easiest to raise start-up capital abroad. This leaves
Chinese or other foreign investment as the 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 with other Silicon Valley start-ups, where the
time for a product to market is often measured in months versus the years required for battery start-ups. To
increase the economic potential effort, there should be additional investigation conducted on ways to
incentivize this community of entrepreneurs, ways the government can work with private investment to
better utilize private capital, and the most appropriate role in government for this “bridge funding” for start-
ups, with an in increased emphasis on providing access to underserved 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 electricity by providing storage
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 heavily on near-term U.S.
positioning as a leader in lithium ion and other high-capacity batteries. The United States must increase
competitiveness with Asia, where Chinese EV sales are three times larger than sales in the United States and a
majority of batteries are manufactured today, and Europe, where the spread of EVs is 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 improving the resilience of the lithium battery supply chain, including
the sourcing 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.

Principally, policy support should bolster the domestic supply chain by advancing demand for U.S.-made
batteries, and spurring the development of both a stronger manufacturing base and a resilient supply chain.
As a part of the American Jobs Plan, President Biden has 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 the Federal vehicle fleet and state
and local government fleets to EVs. Paired with President Biden’s plans to boost domestic battery
manufacturing capacity and to invest in R&D to support the development of next generation batteries, this
funding will position the 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 produced minerals and metals and build

refining and processing capacity needed to support manufacturing.181 Given the historical legacy of mining in
the UnitedStates, particularly on indigenous lands, the Federal Government will hold any new and existing
raw mineral production to the strongest environmental and labor standards, and production will come only

after meaningful engagement with affected communities, including government-to-government consultation
with Tribal nations. Significant updates to the laws and regulations governing 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 lower-impact sources or locations that would not conflict with other valuable
resources or land-uses, 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 their life, as well as other unconventional sources, like minerals extracted from coal
and other mine waste, that can minimize the need for new mining operations. Over the mid- and long-term,

R&Dwill identify and commercialize the use of alternative, earth abundant materials 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.
These include 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 UnitedStates sustain leadership in battery technology.

These recommendations identify the following Federal policies and investments:

1. StimulateDemandfor EndProductsUsingDomesticallyManufacturedHigh-CapacityBatteries

Battery cell and pack productiontend to co-locate with the end products inwhich the batteries are used. To
support the establishment of a robust high-capacity battery manufacturingindustry, it is necessary, though
not sufficient absent broader coordinatedaction, to stimulate demand for and domestic productionof end
products, primarily EVs and power storage for the renewableelectric grid.

Over the past decade, global sales of lithiumbatteries for bothEVsand for power grid storage have risen
dramatically.182 Between2011and 2020, global sales of EVs rose more than 75-fold, from less than 40
thousand to 3.1 million.183 Of those 3.1million, however, only 300,000 were sold in the UnitedStates, less
than two percent of total auto sales in 2020. While the UnitedStates will see EV growth even absent policy
interventions, countries that are leading the global transition to EVsand carving out leadershippositions in
EV manufacturingare projectedto remainsubstantially ahead absent effective U.S. policy. This risks
hollowing out the U.S. manufacturing base and underminingAmerica’s long-termtechnological edge.

The Administrationshould pursue a whole of government approach to stimulating domestic demand and
productionof EVs and stationary storage through Federalpurchases, consumer incentives, and standard
setting. 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.

181For select metals,this will include production and processing.
182Vehicles are typically segmentedby end-use class: passenger cars, light-dutyvehicles,medium-dutyvehicles,
and heavy-dutyvehicles. Within these vehicle segments,there are severaldifferent types of EV categories. These

include “hybrid”,“plug-in hybrid”,“fuel cell”,and “battery” EVs. For this paper,EVs from this point on are
definedas highwaycapable,light-duty,battery,and plug-inhybrid EVs.
183BloombergNew EnergyFinance annual EV sales data downloaded March9,2021.
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Support Demand for Batteries 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 government 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 consists of approximately 640 thousand vehicles worldwide, excluding military
combat vehicles and other tactical vehicles. Of these vehicles, approximately one-third are owned by the U.S.
Postal Service, and the remainder are either leased by agencies from the General Services Administration
(GSA) or are agency-owned. The current share of EVs and other zero emission vehicles (ZEVs) in the
Federal fleet is less than one percent of the total.184

Congress should appropriatefunds to GSA to speedup the conversionof the Federalfleet to ZEVs, both

throughits leasing programand throughregrantingdollars to agencies who wish to purchaseZEVs. There is

significant potential to move quickly inconverting the Federalfleet of 640,000 vehicles to commercially

availableZEVs. To maximize the domesticeconomicimpact, incentivesshouldbe offered to maximize the

domesticcontent inbatteries infleet vehicles. Convertingthe Federalfleet to EVs would support over 64

GWh of domestic batteryproduction.185

State, local, and Tribal governments also maintain substantial vehicle fleets, which are estimated to comprise

over two million light-, medium-, and heavy-duty vehicles, with approximately five percent of that total being

ZEVs. A new Federal program to encourage local, state, and Tribal governments to fully convert their fleets

to ZEVs would support over 200 GWhof domestic battery production.186

Electrifying the Nation’s School Bus Fleet

New Federal grant funding through the Environmental Protection Agency (EPA) or DOE should be used to
subsidize the incremental up-front cost of new school buses, charging infrastructure, and workforce training
to accelerate the transition from diesel and provide funding certainty for suppliers to expand their production
lines. Initial estimates indicate $20 billion could support transitioning 20 percent of the existing school bus
fleet to ZEVs. Approximately 95 percent of America’s school buses currently run on diesel; to-date, limited
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 electric school buses were in operation in the United States, mostly
used as demonstration vehicles or small pilots. The California Energy Commission runs California’s school
bus electrification grant program and has learned important lessons on how to ensure a successful grant
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 with technical 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 low-income school districts first or providing higher matching funds for disadvantaged
communities. Incentives must be significant and reasonably easy to access both in the application phase and
funds distribution phase.

Electrifying the Nation’s Transit Bus Fleet

Congress should provide additional funding through the Federal Transit Administration’s Low and No
Emissions (Lo-No) grant program to accelerate adoption of zero emission transit vehicles by providing

184 This represents approximately 1,600 vehicles.
185 Assuming an average 100 kWh battery capacity for each vehicle.
186 Assuming an average 100 kWh battery capacity for each vehicle.
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capital funding for transit agencies to procure new buses and charging infrastructure, creating market
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, but full-scale deployments have been
limited due to concerns about higher capital costs, battery range, performance incold climates, manufacturing
capacity, and overall change management.

Support “Point-of-Sale” Rebates for Consumers and a Tax Incentives for Medium and Heavy-Duty Vehicles, With a
Preference for U.S. Content

The existing Federal 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 strengthen the program.

First, Congress should amend the program to offer “point-of-sale” rebates for consumers who buy EVs,
rather than offering tax credits to EV customers who file tax returns seeking them. Point-of-sale rebates are
easier to access and more tangible 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 program to offer a higher 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 heavy-duty 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

“Range anxiety”, the concern that an EV will run out of power on the road, and lack of publicly available
charging infrastructure remains a barrier to light-, medium-, and heavy-duty plug-in EV adoption, especially
in underserved communities. Moreover, consumer tax credits are generally not available to local, state, and
Tribal governments, which do not typically pay Federal taxes. A Federally-supported, nationwide buildout of
500,000 EV chargers is critical to the wide-scale adoption of EVs by general public. 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
typically placed on fleet vehicles.

To meet this need, President Biden has called for $15 billion in Federal funding to support the build out
America’s 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 Department of Transportation (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 standards will likely spur additional
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 dominant share of lithium batteries today, electrical power storage is emerging as an
important additional driver of demand. Power storage occurs at both the grid level, such as large-scale
storage adjacent to solar facilities to allow power to be stored during the day 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 for U.S.-made batteries for such storage will help drive
U.S. battery manufacturing.

Accelerate Federal Battery Storage Procurement

Insupport of the Administration’s goal for a 100 percent clean electricity grid by 2035, the Federal Energy
Management Program (FEMP), housed at the DOE, should call for Federal agencies 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
technologies. Additionally, procuring 100 percent of Federal electric supply from clean energy sources that
are delivered time-matched with Federal facility demand could help support the demand for flexibility
resources such as stationary storage.

Expand the Internal Revenue Service (IRS) Section 48 and 25D Investment Tax Credit (ITC) to include stationary storage as
a stand-alone 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 driver of lithium 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 drive scale, further cost reduction, and diversify
the market base. The Energy Storage Tax Incentive and Deployment Act introduced in March 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 for storage-as-transmission-asset, 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 long-term demand for domestic 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 utilities to more cost-effectively
utilize energy storage to improve the resilience and efficiency of their distribution systems in restructured
markets.

2. Strengthen Responsibly-Sourced Supplies for Key Advanced Battery Minerals

A secure U.S. lithium-ion battery supply chain 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 key inputs come from countries with a
history of political instability, such as the DRC, which holds approximately 80 percent of the world’s cobalt

reserves, or countries that are geopolitical competitors of the United States, such as China, which has a
dominant share of 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 domestic supply 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 communities, including historically

disadvantaged and indigenous communities 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 for a major scale-up 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 mineral-by-mineral approach to look for opportunities

to sustainably produce and refine domestic minerals for key battery materials. For battery materials where the
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UnitedStates does not have strong depositssuitedfor economicextraction,the best pathwayto getting a
stablematerialsupply inthe near-termis throughalliesand tradingpartnerswith responsibleenvironmental
and laborstandards,andinthe long-termby capturingand recyclingthe supply of materials inend-of-life
batteries from EVs andstorage. Both extractedandrecycledmaterialsandmineralswill requirerefiningand
processing,and refiningandprocessingcapacityshouldbe scaledupdomesticallyto utilizethis supply,
capturean importantstageof the supply chainthat fuels downstreambattery manufacturing,andavoidthe
needto export raw materialsandre-importprocessedcomponents.

Invest intargeted,mineral-specificstrategies

Differentmineralscall for different strategies. Forsomeminerals,suchas lithium,the UnitedStateshas
domesticsuppliesbut the scaleof U.S.productionis currentlyoutpacedby demand,andthe UnitedStates
does not always havefullcontrolof bothminingandprocessing. Forother minerals,suchas cobalt, the
UnitedStates will alwaysbe largelydependentprimarilyon foreignproviders. For theseminerals,the United
States will eitherneedto work with allies to securesupplies or support R&Dthat reduces the need for such
minerals in futuregenerationEV batteries.

Support SustainableDomesticExtractionand Refiningof Lithium

The UnitedStateshas lithiumresourcesanddomestic corporationswell-versedinrecoveryand refinement
globally. Lithiumresourcesexist inNorthCarolina (ore),Arkansas(brine),Nevada (brine, clay), and
California (brine). Lithiumproject developmentis costlyandproducersface futurecosts that hamper project
initiation. New projectstypically requirebuyer contract agreementsinadvanceof project start. To establish
a sustainabledomestic lithiumsupplychain, the UnitedStates should:

• Increasesupport for resourcemappingat the USGSandthe DOE to enable informedpolicyand
investmentdecisionsaroundproductionandrefinementof lithiumandother criticalmaterialsand

minerals. The FederalGovernmentshouldexploreusingpurchasepriceandquantityguaranteesfor a
stockpileserving as a backstop,providingloans or guaranteesthroughDOE’sLoanProgramOffice
(LPO),leveragingthe DPA includingTitle IIIand VII authoritiesto support extraction,andstandingup

new publicfinancingstreams.

• Modernizethe U.S. laws andregulationsgoverningminingonpubliclands,wheremany lithiumresources
inNevadaand Californiaare located,inorder to provideassuranceto tribes and localresidentsthat
importantenvironmentalandcultural resourceswillbeprotectedduringandafterminingoperations.

• Support extraction and refinement efficiency through investment in R&D and commercialization support

from DOE and other Federalpartners. Technology that improves lithium yield could benefit both

domestic and internationalsites, and by securing technology rights, the United States could position itself

and domestic companies to benefit from licensing while opening the resource base.

• Invest indomestic refinement of ore, brine, or clay into lithiumchemicals similarly through a potential

mix of purchasing guarantees, the DOE LPO, the DPA, and new financing programs in concert with

R&D investment to advance existing techniques. China’s domestic investment in this field has made

them the world’s leader despite limited domestic lithiumsupply.

• Developand expandtechnoeconomicmodels inlinewith internationalbest practicesto help identify the

best areas for extractiondevelopmentaccountingfor the latest mineralextractiontechniques.

Support Nickel and Cobalt Recovery from Recycled and UnconventionalSources:

Tappingsecondary sources for critical materialsand minerals can alleviatedemandfromconventional
extractionincludingfromnew mining. Actions to support recoveryfrom recycledandunconventional
sources include:
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• Increasenickelsupply by promotingbattery recycling in the longterm. As moreand moreEVs reach

their end-of-life, spent EV batteriesare expectedto be an increasinglyimportant source for nickel sulfate

production. The UnitedStates couldconsider investinginbattery recycling infrastructureand technology

development.

• Increasenickelsupply by exploringunconventionalsources and secondary sources from remediation and

reclamation such as acid-mine drainage, other acid-mine-impactedwaters, mining wastes, drainage

treatment sludges, abandoned mine tailings, slag, or heap/dumpleach operations. Most of the in-use

nickel is instainless steel. However, it is not currently feasible to use stainless steel or other Class 1 nickel

materials to producenickel sulfate, which could be a future R&Dfocus.

• 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 can be adversely 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
technology development. Immediate focus should include investment to increase capacity and scale-up
of recycling facilities, and investigation of pathways for early Federal purchase of recycling waste streams
to the furthest extent possible.

Invest in Nickel Refining 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 government subsidization, (2) barriers to entry for new mines at the
Federal, State, and local levels, and (3) limited U.S. nickel reserves. U.S. nickel refining capacity is currently
limited and focuses on refining nickel salts (sulfate or carbonate) as a byproduct of platinum group metals or
copper mining. Low material throughput and the lack of a lithium battery cathode market in the United
States has limited expansion of these facilities. As demand for lithium batteries grows in the United States,
the need for refined nickel material will 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 Congress like 48C manufacturing tax credits and supply chain
grants.

Identify Opportunities for Supporting Sustainable Production and Refining of Cobalt

At present the nickel-cobalt Eagle Mine in Michigan is the only active cobalt mine in the United States. Eagle
Mine produces cobalt-containing nickel concentrate, while a company in Missouri produces nickel-copper-
cobalt concentrate from historic mine tailings. Within the United States, six companies produce cobalt
chemicals, primarily from imported and secondary materials (scraps).187 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 established. The Federal
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 supply chain, 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:

187
USGS. 2021. “Material Commodity Summaries 2021”, https://pubs.usgs.gov/periodicals/mcs2021/mcs2021.pdf
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• Use the U.S. Development Finance Corporation (DFC) to expand production and processing of key

metals: The DFC should identify projects in allied and partner nations that can be funded to create new

sustainable mining and processing operations for lithium, graphite, and other key metals and materials.

• Use trade tools to strengthencriticalmineralsupplies: The new Supply Chain Trade Strike Forceshould

examinebothunfair trade practices that undercut the security of suppliesof criticalminerals, such as

bans on exports by several countries, and the impacts of U.S. tariffs andother U.S. trade policies that

may inadvertentlycreate supply chain challenges for U.S. battery production.

• Promotethe useof transparent competitiveprocurementand concessionpractices throughforeign

assistanceprograms abroad: The U.S. Government, includingthe UnitedStates Agency for International

Development(USAID),shouldpromote the institutionalizationof transparent procurementandmineral

extractionrights through policies, laws, and regulations. Buildingon U.S. governmentprograms that

enablecompetitiveprocurementof renewableenergy andextractives industrytransparencyinassistance

countries,USAIDshould promotecompetitivetenders for miningand sale of minerals neededfor

manufacturingof the batteries.

• Strengthenresourcesgovernance:The U.S. Governmentshould work withallies andpartners to

strengthenresourcegovernanceandimproveenvironmentaland socialstandards. For example,the
ERGIis a multilateraleffort foundedby Australia,Botswana,Canada, Peru, andthe UnitedStates, and
ledby the State’sBureauof Energy Resources,to promotesoundminingsectorgovernanceand resilient

andsecureenergy mineralsupply chains. ERGIaims to foster a just andsustainableenergytransition
andaddress associatedsupply-chainvulnerabilities. ERGIuses the experienceof countrieswith mature
miningindustriesto buildthe capacityof countrieswithsignificantcriticalenergymineral/element

resourcesto sustainablydevelop their miningsectors andincreaseprivateinvestmentin responsible
miningprojects that advancecriticalmineralsupplychainresilience.

• Set global standards: The United States is participating in the ISO’s TC for Lithium, ISO/TC 333. In this
context U.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.
Government’s critical materials goals and are consistent with best practices for environmental, social, and
governance standards, including domestic environmental regulations, Tribal and indigenous consultation,
and the Administration’s Executive Order on Tackling the Climate Crisis at Home and Abroad, including
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 stakeholders that has developed 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 are being sourced 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.

Raise Labor and Environmental Standards Across the Board

Develop Strong Environmental Review Permitting Practices for the Extraction of Lithium, Nickel, Cobalt, and other key high-
capacity battery minerals

Federal agencies and state governments must hold raw mineral production to modern environmental
standards, require best-practice labor conditions, and proceed with meaningful consultation with affected
communities, including Tribal nations in government-to-government collaboration. The majority of U.S.
mining laws and regulations have not been updated in over half-a-century. 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). Sitingshould consider prioritizinglower-impact 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 regulationsregarding mining
inthe UnitedStates. There are a number of statutory authorities that govern mineraldevelopment on Federal
lands. For example, the GeneralMiningLaw (GML) of 1872 may apply to the exploration, development,
and extraction on Federal lands of minerals such as lithium, nickel, and cobalt. Additionally, various statutory
authorities govern permitting and environmental complianceof mineral development on Federal lands,
including the FederalLandPolicy and Management Act of 1976 for lands managed by the Bureau of Land
Management and the Organic Act of 1897 for lands administeredby 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.

Unlikefor coal mining, there is no comprehensivestatute that specifically addresses permittingand
reclamation of mines for lithium, cobalt, nickel, copper, gold, uranium, and other minerals. To reduce
conflict, provide increasedcertainty for industry, improve the environmental performance of mines, better
engage Tribes and local communities, and protect taxpayers from the cost of remediating abandonedmines,
Congress should enact comprehensivereform of the GML of 1872 and USDA and DOI should strengthen
the regulations governing miningon public lands. States also have a significant role inreview and permitting
of miningprojects.

The FederalGovernment should establishan interagency team with expertise in mine permitting and
environmentallaw to identify gaps in statutes and regulations that may need to be updatedto ensure new
productionmeets strong standards before mining begins, during the mining process, and after mining ends;
ensure meaningfulcommunity consultation(including with Tribal nations, respecting the government-to-
government relationship) at all stages of the miningprocess; and examine opportunities to reduce time, cost,
and risk of permitting without compromising these strong environmentaland consultationbenchmarks.
These should include:

• 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 mine plans and permit applications.

• Reviewof miningregulationsby EPA to determineifandwhere gaps exist that haveresultedin

challengesto minepermitsor approvalsandextendedtimelines.

• Sufficient resources for Federal agencies involved in NEPA and permitting and improved hiring of

technical experts with knowledge of mining, mining waste management, reclamation practices, and

environmental impacts evaluation of mining projects.

• LegislationfromCongressto replace outdatedmininglaws includingthe GML of 1872 governing

locatableminerals (includingnickel) on Federallands, the Materials DisposalAct of 1947 to disposeof

minerals foundon Federallands, and the MineralLandLeasing Act of 1920amongothers. These should

be updatedto havestrongerenvironmentalstandards, up-to-datefiscal reforms, better enforcement,

inspectionandbondingrequirements,and clear reclamationplanning requirements.

Leverage Federal Investment to Incentivize Sustainable Practices

Where the FederalGovernment is responsible for subsidizingor otherwise incentivizing domestic mineral
production, the Government should take additional measures (beyondcomplyingwith sustainability
standards)to ensure that the mining occurs inan environmentallyprotectivemanner over the entire mining
lifecycle through reclamationand closure. Initialrecommendationsinclude:
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• Conditioning subsidies, loans, and other incentives to only target mining companies with strong track

records of environmental compliance at their other or past operations.

• Providingincentivesonly for miningcompaniesthat can demonstrateup-frontsecure financialassurance

for fullsite reclamationandclosure.

• Providingincentivesonly for minesinU.S.states that have strongminingenvironmentalregulationsand

enforcementandcomplianceprograms.

• For incentivized projects that require Federal permits or approvals, ensure regular environmental

inspections occur for compliance with Federal permits and approvals.

• Requiringstrong labor protections, including prevailingwage requirements, use of Project Labor

Agreements and community hire on construction projects, unionneutrality policies for employers, a ban

on mandatory arbitration agreements, and requiringgoods and materials to be made in the UnitedStates

and shipped on U.S.-flag, U.S.-crewedvessels.

Increase Resilience by Atrengthening U.S. Recycling

While increased production of key minerals and materials is essential as battery production expands, recycling
is already an important potential source of materials 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 offers many 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 greenhouse gas emissions. 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 larger numbers of
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 and support 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
agencies, executive 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 mandate. Such a national strategy will also mitigate safety
risks posed by end-of-life lithium batteries during collection, storage, transportation, processing, recycling,
and disposal. The strategy should consider varied approaches to increase collection and recycling for 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 incentives and strategic 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.

• Targeted Incentivesfor Recycling:Congress should invest inlithium-ionbattery recycling to

acceleratescale-upof recycling, incentivizehighercollectionrates, and disincentivizelandfilling.

Recyclingbatteriesis profitable in some cases, but the economics change depending on the composition

of the battery, disassembly costs, transportationcosts (to includepacking efficiency),and recycling
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• BatteryRecoveryand RecyclingTaskForce:DOE,in its role as Chair of FCAB,should work with
FCABmemberagenciesandothers includingEPA,DOI/USGS,DOT, Commerce,andDODto assess
the viabilityandcost of lithiumbattery recyclingandchart a pathfor increasedsupply chainresilience

throughrecycling. Initialfindings canbecapturedin the 1-year Supply ChainExecutiveOrderReporton
the energyindustrialbase. Once a lithiumbatteryhas reachedendof life, there are multiplegoverning
agencies that havejurisdictionfor this “waste”product. FromDOT’srole overseeingtransportationof

materials to EPA andDOI’srole insiting andpermittingof facilities,among other importantactivities,
these agencies shouldwork withDOEto capturea holistic view of the opportunitylandscapeandto
coordinateactionto support domestic recycling.

• EnsureRecyclingandProcessingMeet HighestEnvironmentalStandards: The UnitedStates

needs to ensure there are not adverseenvironmentalimpacts to increasingour domestic footprint in the

batterysupply chain, while recognizingthe realities of waste treatment costs inprocessingand

manufacturing. The first actioninthe recyclingtask force will be to understandwaste considerationsand

update relevant metrics to ensure there are no localenvironmentalimpactsto creatingdomestic

productioninthis area.

3. PromoteSustainableDomesticBatteryMaterials,Cell,andPackProduction

Production capacity of lithium-ion 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 2025 worldwide.188
Yet, the United States is projected to only maintain 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 the United States at the rate needed to
obtain market competitiveness and meet the President’s climate commitments.

Catalyze Private Capital with Grants and Loans

Enact New Federal Grant Programs to Catalyze Private Capital

Congress should establish a cost-sharing grant 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 investment. Production of high-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
industrial base.

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 through the 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 "Lithium-Ion Battery MegafactoryAssessment",Benchmark Mineral Intelligence,March 2021. Accessed April

12,2021.

process efficiency. Variable profit margins for lithium-ion battery recycling do not currently create a

strong enough market pull to encourage widespread recycling rates. To increaseprocess efficiency and

scale in this area, incentives (e.g., a tax credit or rebate) and/or mandates targeted at recyclers and

consumers could increasecollectionrates and support recycling scale-up. Additionally, existingprograms

like DOE’s LPOshould be leveragedto support building up domestic recycling capacity.
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shared grant applications should be conditioned on an executable plan to sustain the facility without
additional Federal financial assistance once operational.

Leverage the Advanced Technology Vehicle Management Loan Program

The Advanced Technology Vehicle Management Loan Program (ATVM) should 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 domestic production,
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

Re-vitalizing IRS 48C Manufacturing Tax Credits

Congress should provide additional funding to the IRS 48C ManufacturingTax Credit program. New
funding for the program could include a set aside for coal communities, similar to Senators Manchinand
Stabenow’s legislative proposal.

ARRA included a tax credit for investments inmanufacturing facilities for clean energy technologies. The
qualifying manufacturing facilities included those producing a wide range of clean energy products, including
energy storage systems for electric 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 taxpayer’s application for 48C certification. The amount of
the tax credit is 30 percent of qualified investment inadvanced energy project property placed inservice
during a tax year. During ARRA implementation, the Section 48C advanced energy manufacturing tax credit
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 support small
manufacturers in the batteries, cells, and related material processing supply chain189

Some U.S. cell manufacturershave arguedthat 48C only benefits manufacturerswith a large tax base. The

UnitedStates is highlydependent on large, multinationalcorporations for commercialscale manufacturingof

lithiumion cells. While largemultinationalswouldstandto gain fromenhancementsto section48C,

expanding section 1603 to includebatteryandcell manufacturingandmaterialprocessingcouldsupport the

development of smaller manufacturersby providingcash payments in lieu of ITCs.190

Leverage FederalProcurement and Financial Assistance

Strengthen U.S. Manufacturing Commitments in Federally-funded grants, cooperative agreements, and R&Dcontracts

DOE should immediately strengthen, through the Determinations of ExceptionalCircumstances under the
Bayh-Dole Act and other legal means, domestic manufacturing requirements for grants, cooperative
agreements and R&Dcontracts, including those related to lithium batteries. The 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 dramatic changes 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

189 https://home.treasury.gov/system/files/216/P-Status-overview-2018-03-01.pdf
190 The value 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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investmentover manydecadeshas resulted in tangible market impact,with reductionin batterycosts by
approximately85 percent.191 Energydensityof batterieshas increasedto meet consumerneeds,enabling
electriccars with a driving range above300 miles. Furthermore,the cost reductionsenabledby R&Din
transportationhas spurreda growingpenetrationof batteries for grid applications,withchemistries,invented
usingpublicR&D,now increasinglybeingdeployed in bothlargestorage installationsandbehind-the-meter
storagesolutions. Battery science and technology is of strategicimportancefor the overallenergy landscape
andU.S. economiccompetitiveness.

While securing a durable materials supply chainfor batteriesis important for supplychainresiliencetoday,
the publicand private sectors can also collaborateto securesupply chainsby innovatingaway fromthe
minerals that are scarceor environmentallyharmfulin the longterm. Researchhas begunto focus on
reducingor eliminatingthe need for minerals likecobalt in batteries,anddevelopingprofitablebusiness
models for recycling“spent” batteries from the consumer electronics,transportation,andstationaryenergy
sectors. There is an opportunityto invent the batteryof the future, leading to the manufactureof “leapfrog”
batterychemistries in the UnitedStates.

Public R&Dwill be insufficientto maintaina competitivebatterymarket without the workforce to support
domesticmanufacturingof cells, packs, and endproducts. The educationandexpertiseof the U.S. workforce
is integral to our ability to compete andto create good-payingjobs in the UnitedStates. A well-paidlabor
force that can afford the EVs they buildis also important to the economicdurability of a robust clean energy
economy. However, quality jobs will not materializeon their own. Laborstandards,skills-basedtraining,and
comprehensivesupportsfor workers movingfromone sector to another is imperative. To successfully
achievethese goalswill require focused partnershipbetweengovernment,workers, industry,andlocal
communities.

Invest inthe Next Generationof Battery and EV IndustryWorkers

Develop the workforce needed for the growingbattery manufacturingindustry

As the U.S. domesticbatteryindustry grows, the needfor a trained workforceacross the supplychainwill
continueto increase. This may includejobs to extract andprocess raw materials,manufacturecell
componentsandbatterypacks, manufactureEVs andcharging infrastructure,and install stationarybatteries
andcharging infrastructure. A lack of trainedworkers can impederapid innovationand deployment,and lead
to long termerosionof competitiveness. Wages that are too low can fail to attract or support skilled workers,
slowingthe processof debuggingbatterymanufacturingprocesses (whichare still nascent),and potentially
causingsafety hazards,sincebatterychemicalsposepotentialphysicaldangers. A “goodjobs strategy” for
batteries couldaimto design jobs to take advantageof shop-floorworkers’ knowledgeto improvequality,
safety, anduptime,akinto what is being exploredby the Germanautoworkers’ union, IGMetall.

Federalprogramsshouldsupport training programs that leverage partnershipswithcar makers,unions,
communitycolleges,andother key stakeholdersto helptrainand retrainworkers to meet this new market
demand(e.g., retrainingof powertrainworkers to manufactureEV propulsionsystems andother criticalEV
andbattery components). Congress shouldfundapprenticeshipsandsector-basedtraining programs that
formpartnerships,developandscale training programs,and establishsector-specificcareer centers inbattery
andEV manufacturing. The Departmentof Laborwill then makegrants to consortia of workforce system
entities, educationproviders,employers/industrygroups, labor-managementpartnerships,community-based
organizations,and unions. New appropriationsshould also be usedto providewraparoundservices and
supports to help workerssuccessfullycomplete the training programs.

Other investmentpriorities include: (1) working withuniversitiesthat offer coursesinbatteries to expandthe
courses to include manufacturing;(2) providingfinancialsupport to universitiesto initiatea dedicated
curriculumonbatterymanufacturing;(3) linkingwith researchsocieties,such as the ElectrochemicalSociety,

191
(as of 2020) to $143/kWh pack level.
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to provide short courses in specific topics related to manufacturing; and (4) working with the National Labs
to allow summer student internships to work at scale-up facilities.

Include labor standards as a condition on production subsidies to empower workers and support the free and fair choice to
organize

The production incentives recommended in this report – tax credits, lending and grants – must ensure quality
jobs with the free and fair choice to organize for workers. Funding should include prevailing wage
requirements, similar to those included inARRA. Other standards that should be included are: (1) mandated
hiring percentages from registered apprenticeships and other labor or labor-management 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 have the potential 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. New battery technologies 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 to reduce battery cell costs, enhance performance, and reduce dependency on key critical materials

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 need for non-lithium 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 lithium-ion and lithium-metal batteries, including solid state design; and (3)
developing innovative methods and processes to profitably recover “spent” lithium batteries, reclaim key
materials, and re-introduce those materials to the battery supply chain. Adding strong domestic
manufacturing requirements to Federally-funded R&D programs combined with incentives to build here in
the U.S will help establish a domestic manufacturing base for next generation technologies.

Create a Manufacturing USA Institute for High-Capacity Batteries

Congress should appropriate new funding for the Manufacturing USA program to create an institute focused
on high-capacity batteries. Scaling from a lab prototype to the pilot scale is expensive and uncertain,
sometimes taking as long as a decade. Manufacturing USA’s public-private model, collaborating with
academic, industry and other stakeholders to test applications, train workers and de-risk investments, is
important to helping new technologies move from lab-to-market. A new institute would support the
development of next-generation processing and strengthen manufacturing and recycling technologies.
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ABBREVIATIONS

ACC – Advanced Chemistry Cell
ARRA – American Recovery and Reinvestment Act
ARRTA – American Recovery and Reinvestment Tax Act

ASD(EI&E) – Assistant Secretary of Defense for Energy, Installations,and Environment
ATVM – Advanced Technology Vehicle Management Loan Program
CFIUS – Committee on ForeignInvestment in the United States

Commerce – Department of Commerce
DFC – Development FinanceCorporation

DLA-SM – DefenseLogistics Agency Strategic Materials
DOD– Department of Defense
DOE – Department of Energy

DOI – Department of Interior
DOT – Department of Transportation
DPA – DefenseProductionAct

DRC– DemocraticRepublic of the Congo
EESL – Energy Efficiency Services Limited

EPA – EnvironmentalProtection Agency
ERGI– Energy ResourceGovernance Initiative
EU – EuropeanUnion

EV – ElectricVehicle
FCAB– Federal Consortium for Advanced Batteries
FEMP – FederalEnergy Management Program

FVEY – FiveEyes
GDP – Gross DomesticProduct

GM – GeneralMotors
GML – GeneralMining Law
GOI – Government of India

GSA – GeneralServices Administration
GWh – Gigawatt-hour
IBAS – IndustrialBase Analysis and Sustainment

IP – Intellectualproperty
IRMA – Initiativefor Responsible Mining Assurance

IRS – InternalRevenueService
ISO – International Organizationfor Standardization
ITC – Investment Tax Credit

kWh– Kilowatt-hour
LDV – light-duty vehicle
LGES – LGEnergy Solutions

Lo-No– Low and No Emissions
LPO– LoanProgram Office

MIIT – Ministry of Industryand Information Technology
Mt – Million Metric Tonnes
MWh– Megawatt-hour

NDS – NationalDefenseStockpiling
NEPA – NationalEnvironmentalPolicy Act
NEW – New energy vehicle

OEM – Original equipment manufacturer
PLI– Production-linked incentives

R&D– Research and development
RD&D – Research, development, and demonstration
Requirements Report – Strategic and CriticalMaterialsReport to Congress on Stockpile Requirements

SBIR – Small Business InnovativeResearch
SEIA – Solar Energy IndustryAssociation
SKI – SK Innovation
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SOC – State of charge
SSE – Solid-state electrolyte

STTR – Small Business Technology Transfer
TC – Technical Committee
TTCP – The Technical Cooperation Program

USDA – Department of Agriculture
USFS – United States Forest Service

USGS – United States Geological Survey
USMCA – United States-Mexico-Canada Agreement
VTO – Vehicles Technologies Office

WH/kg – Watt-hour per kilogram
XUAR – Xinjiang Uyghur Autonomous Region
ZEV – Zero emission vehicle
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EXECUTIVESUMMARY

Strategic and criticalmaterials 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 supporthigh value-added manufacturingand high-wage jobs, in sectors such as
automotive and aerospace.

The global supply chain that delivers strategic and critical materials is nominally distributed,diverse,
and embraces marketcompetition. Upon closer inspection though,these supply chains are at
serious risk of disruption—fromnatural disasters or force majeure events, for example—andare rife
with political interventionand distortionary trade practices, including the use of forced labor.
Contrary to a common belief, this risk is more than a military 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 performanceof many environmentally friendly “green”
technologies, such as electric vehicles, wind turbines, and advanced batteries. A recent report by the
InternationalEnergy Agency (IEA)notes: “A typicalelectric car requires six times the mineral inputs
of a conventional car and an onshore wind plant requires nine times more mineral resources than a
gas-fired plant. Since 2010, the average amount of minerals needed for a new unitof power
generation has increased by 50 percent as the share of renewables in new investment has risen.”1

Inbrief, the challenges and opportunities in strategic and critical material supply chains are
emblematic of the intense geopolitical competition of the 21st century. Its complexity, global scope,
and cross-cutting nature compel a whole-of-government approach by the United States, as well as
close collaboration with our allies, partners,and the private and non-profit sectors.

To that end, this is an interagency 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 chains. This is illustrated
in prior studies under Executive Order (E.O.) 13817 and E.O.13953, and this foundation and the
civilian-centric nature of the challenge have infused the entirety of this assessment under E.O.
14017, America’s Supply Chains.

To address defense 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 Stockpile program, in the 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 program was a cornerstone of the U.S. Government’s
mobilization enterprise, alongside robust investment programs led by multiple non-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 materials. Sources of supply,previously locked behind the
Communist “Iron Curtain,” became available to Western manufacturers in significant quantities.
The economy of China,which at that time was only 6 percent of the size of the U.S. economy,

1 International Energy Agency, The Role of Critical Minerals in Clean Energy Transitions (May 2021),

https://iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions
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began its meteoric rise. Trade liberalizationand global, just-in-time supply chains became the order
of the day.

Economic efficiency took priority over diversity and sustainability of supply—made manifest in the
slow erosion of manufacturingcapabilities throughout the United States and many other nations. In
addition, as the pointof 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
suppliers of strategic and criticalmaterials,and even the workforce skills necessary to produce and
process those materials into value-added goods, became increasingly concentrated offshore. Insuch
opaque conditions,the exploitation of forced labor and a disregard for environmentalemissions and
workforce health and safety could thrive.

Inparallel,the impetus for national mobilizationprograms fell by the wayside. The Federal
Governmentreaped a multi-billiondollar “peace dividend” from the sale of NDS materials,and
core capabilities at non-defense agencies to study,characterize and mitigate risk in the strategic and
critical materials sector atrophied.

Today, at the beginning of the third decade of the 21st century,a new industrialera of low-carbon
and increasingly energy efficient products is converging with autonomous and Internet-of-Things
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 must also look to the sustainability of our
strategic and critical materials supply chains. The Departmentof Defense can play an important
role, but the Departmentcannot carry-out this task alone. This is a task for the Nation.

The U.S. Government,collectively, has examined the risk in strategic and critical materials supply
chains for decades. Nowis the time for decisive, comprehensive action by the Biden-Harris
Administration,by the Congress, and by stakeholders from industry and non-governmental
organizations to support sustainable productionand conservation of strategic and critical materials.

INTRODUCTION

Strategic and critical materials and their supply chains are the bedrock of value-addedmanufacturingand the
development, production,delivery, and sustainment of essential services, such as telecommunications and
computing, food and agriculture, finance, healthcare, education, transportation, and public safety.

Inciviliansectors of the U.S. economy, strategic and critical materials and their supply chains are essential to
countless manufacturedgoods, rangingfrom personalelectronicsand consumablesfor fuel, food, and
medicalsupplies, to home construction and sustainingthe nation’s critical infrastructure. Reliableaccess to
strategic and criticalmaterials strengthens the global economy and helps improve the quality of life.

Inthe defense industrialbase, strategic and critical materials ensure that U.S. Armed Forces and those of our
allies can conduct and sustain operations, while expandingthe output and development of military items to
maintain technicaldominanceover adversaries. Without these materials, history shows that industrialized
nations have been compelledto make performancetrade-offs and suboptimalcapital allocations, which
contributedto their defeat on the battlefield.

Though domestic strategic and criticalmaterials production represents only a small fractionof total U.S.
employment and Gross DomesticProduct (GDP), downstreammanufacturingand relatedservice sectors
support substantially greater economic output and jobs. For example, annualdomestic miningactivities,
valued at less than $100 billon, enable more than $3 trillion in domestic value-addedindustry sectors, out of a
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$20 trillion economy.2 This contribution to downstream manufacturing and service sectors is indicative of the
derivative value of strategic and critical materials.

Strategic and Critical Materials Defined3

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 Reliable Supplies 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 Processing Industries. As directed by E.O. 14017, America’s Supply
Chains, the Department of Defense (DoD) assessed the resilience of supply chains for “strategic and critical
materials” in its role as the NDS Manager,4 with support from the interagency.

Though similar to “critical minerals,”5 the definition of strategic and critical materials for the
purposes of the Strategic and Critical Materials Stockpiling Act of 1979 (50 U.S.C. 98 et seq.) (the
Stockpiling Act) encompasses any materials that are:

Needed to supply the military, industrial, and essential civilian needs of the United States during a
national emergency, and

Not found or produced in the United States insufficient quantities to meet such need.

Functionally, the analytical framework for “critical minerals” and “strategic and critical materials” overlap but
with two fundamental differences. First, the organizing principle for critical minerals is mining, mineral
processing, and related metal products or compounds. In contrast, “strategic and critical materials” is
broader, including 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.

Inlight of these differences, recurring assessments of critical minerals under E.O. 13817 have identified 35
commodities and minerals as “critical minerals.”6 DoD, as the NDS Manager, monitors more than 250
unique strategic and critical materials; some findings of this modeling are in the Risk Factors at the Level of
Armed Conflict section of this report. Thus, this report subsumes issues incritical minerals supply chains into
the broader discussion of strategic and critical materials.

Notwithstanding DoD’s assessment framework, which is emergency-driven, this report’s
observations, strategy, and recommendations represent the consolidated views of the interagency

2 U.S. GeologicalSurvey,MineralCommoditySummaries2022 (January29,2021),
https://pubs.usgs.gov/periodicals/mcs2021/mcs2021.pdf.
3 Note:Significantquantitiesof strategic andcriticalmaterialsmay be found on the seabed,but the industry to
extract these resourcesremainsnascent,given bothtechnicalchallengesof mininginthe marineenvironmentand

the potentialfor significantenvironmentalharm. On the other hand,substantialportionsof mineralexploration
leasesare held by foreign sources,providingnotonly a potentialsupplybenefit,but also dual-use technology

developmentassociatedwith unmannedunderseavesselsand hyrographicmapping.Though seabedresourcesmay
provide a significantfuture source of strategic and criticalmaterials,they are not coveredby this report.
4 As appointedinthe StrategicandCriticalMaterialsStockPilingAct of 1979 (50 U.S.C. 98 et seq.),specifically
50 U.S.C. 98h–7.
5 As defined inE.O.13817,a criticalmineralis “a mineralidentifiedby the Secretaryof the Interior [pursuantto the
E.O.] to be (i)a non-fuelmineralor mineralmaterialessential to the economicand nationalsecurity of the United

States,(ii) the supplychain of whichis vulnerableto disruption,and (iii) that servesan essentialfunction inthe
manufacturingof a product,the absence of which wouldhave significantconsequencesfor our economy or our

nationalsecurity.”82 Fed. Reg. 60835.2017,https://federalregister.gov/documents/2017/12/26/2017-27899/a-
federal-strategy-to-ensure-secure-and-reliable-supplies-of-critical-minerals
6 Departmentof the Interior,“FinalListof CriticalMinerals2018,” 83 Fed. Reg. 23295;2018,
https://federalregister.gov/documents/2018/05/18/2018-10667/final-list-of-critical-minerals-2018.
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and provide a concise whole-of-government approach to the strategic and critical materials sector.
This approach also mirrors DoD’s longstanding results from macroeconomic modeling of the sector
under national emergency scenarios. For more than a decade, DoD has consistently found that the
essential civilian industry would bear the preponderance of harm from a disruption of strategic and
critical materials supply.

MAPPINGTHE 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, may be extracted by in-situe 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 material in a semi-final form. Final
steps include further refining, manufacturing, cutting, and polishing into a semi-finished or finished product
with unique material properties depending on the material’s final use. Additional detail on these stages are
described below.

• 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 hand-picking and sorting to mechanical or chemical processes such as froth flotation, in
which air bubbles are injected into an ore-chemical mixture to allow foam-carrying ore particles to be
separated from waste rock. In rare earth and other mineral processing operations, the result of
beneficiation often is called a “mineral concentrate” or a “chemical concentrate” with a total rare earth
oxide (TREO) content ranging from 40 percent to 60 percent.

• Hydrometallurgyconsists of multipleliquid-to-liquidprocessingoperationsthat further removetrace
element impuritiesandseparateindividualstrategic andcriticalmaterials from one another. Common

hydrometallurgicalprocesses include ionexchangeand solvent extraction, with the formerdating to
WorldWar IIandthe latterdevelopedinthe 1970s. Industryandthe U.S.Governmenthavesponsored
significant researchand development(R&D)inthis area to minimizeenvironmentalimpact and increase

process efficiency,given the significantquantitiesof chemicalreagentsand potentialwaste-water
dischargesassociatedwith hydrometallurgicaloperations. Ina rareearthprocessingoperation,the result
of hydrometallurgicalprocessesgenerallyis inthe form of a rareearthoxide, with a TREOcontent

rangingfrom not less than99 percent (2N) to 99.999percent (5N).

• Pyrometallurgyand Electrolysisconsistsof multipleprocessingoperationswhichuse heat or
electricityto separatethe oxide,halide,or other non-metalcomponentof a metalsalt froma resulting

hydrometallurgicalor beneficiationprocess. There are key tradeoffsassociatedwithboth processing
routes. Electrolysiscan havehigher productionrates since it runs continuously,but due to its continuous

nature,it canbemorecostly inthe long runwhenanelectrolyticprocess is shut down and re-started,
ratherthan simplyabsorbitsshort-runoperatinglosses. This is a significantchallengeinthe aluminum
sector. On the otherhand,pyrometallurgicalprocesses,likemetalreductionor distillation,generallyare

batch-typeoperations,but they can producesignificantlyhigher puritymetalproducts. The resulting
metalproductsfromeitherpyrometallurgyor electrolysisalsomay undergosubsequentpurificationsteps,
suchas zonerefining,to furtherimprovemetalpurity. Metalproductsresultingfrom this processingstep

or subsequentpurificationcanrangefrom2N to muchgreater than5N.
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Finishingconsists of dozensofdifferent downstreamproductionprocesses, whichleada metalproduct
towardsits specific end-use. “Finishing” in this contextincorporatesnumeroussubsequentproduction
steps suchas meltingand alloyingwithother materials, casting, millingofalloys 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 chain beneficiation , hydrometallurgy , electrolysis and pyrometallurgy , and
finishing — 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 require importing technical expertise from foreign sources to catch -up to
global production and quality benchmarks . Ultimately, each strategic and critical material has a unique
version of the above generalized process description , with further examples in Appendix A.7

Material Flow Analyses

Material flow analyses are an important tool to cross -walk the above processing steps to global production
and demand for strategic and critical materials from primary sources (e.g., mining) as well as the in -process
and post -consumer 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 through the various stages of a supply chain can be illustrated using a Sankey
diagram , an example of which is shown in Figure 15 for tantalum.8

Figure 15: SampleMaterialFlow Diagram , Tantalum
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Tantalumis a strategic andcritical materialfor which the UnitedStates meets 100 percent of its mineral

consumptionneeds from foreignsources. The most significant demand driver for tantalum is inthe

electronics market, in the form of tantalum capacitorandwire products, butDoD has important tantalum

requirementsinthe form ofcommercialand dual-use goods (e.g., aerospacealloys and electronics), as well as

defense-uniqueitems (e.g., explosivelyformedprojectiles). Tantalumis of sufficient importanceto defense

supply chains that Congressimplementedsourcingrestrictionson this material and others through 10U.S.C.
2533c.

Materialflow analyses are also an importanttool to identify outsizedforeignrelianceand verticalintegration
in supplychains. The neodymium-iron-boron(NdFeB) magnet supply chainis an exampleofa strategic and

critical materials supply chainwhere one country is able to maintainvertical capabilitiesthroughout the
supply chain, whilemultipleother countries operateat only select tiers (see Figure2). Theseexamples show
that materialflows can potentiallybe relativelyconcentratedwithina , or they can followa circuitous

All appendiciesto this documentare classifiedas UNCLASSIFIED//CONTROLLEDUNCLASSIFIED
INFORMATION.

Nassar, “Shiftsandtrendsinglobalanthropogenicstocks andflow oftantalum,” Resources, Conservation
andRecycling, Vol. 124 (October2017), pp 233-250,

https://sciencedirect.com/science/article/abs/pii/S0921344917301556?viapercent3Dihub
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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 GlobalLocationsforNdFeB Supply Chain Tiers
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In Process and Post-Consumer 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 ofannual consumption. The data
surrounding recycling rates for strategic and critical materials, however, is highly variable and relies on
voluntary submissions of business proprietary information. 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 post - consumer recyclingprocesses , such as certain fire -supression and refrigerant 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 magnets is an area of increasing activity among domestic entities, including

one company sponsored by the DoD under a Defense Production Act (DPA) Title IIIaward and an active
area of research funded by the Department ofEnergy. Interest in recycling lithium ion batteries also is
developing rapidly, supported by research funding from the Department of Energy and an expectation of
increased supply as the first generation ofhybrid -electric and full electric vehicles become available for
recycling. Though increasing recycling rates for strategic and critical materials is advantageous, recycling

alone is typically inadequate to supply the volumes ofmaterial required for domestic consumption. Even if

100 percent recycling rates were achieved for a particular supply chain , increasing demand necessitates

primary production. Copper, for example, has very high recycling rates but recycled copper currently supplies

10

9 ** Representssupply chain tiers in which the U.S. Government is currently working with industry to re-establish
capacity.

RareEarthOxide.

Light Rare Earth Element.

HeavyRareEarthElement.
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less than40 percent of annual U.S. consumption, the balanceofwhich is made up ofprimary minedore and

processedmetal.

DomesticSourcesofStrategicand CriticalMaterials

Development Timelines for Domestic Operations

As a series of complex extraction , chemical, and refining operations, establishing strategic and critical material
production is an extremely lengthy process . Independent of permitting activities, a reasonable industry
benchmark for the development of a mineral-based strategic and critical materials project is not less than ten
years.

Figure 3: Overview of Development Timeline for Greenfield Strategic & CriticalMaterials
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Moreover, it is quite common for most companies to fail to reach the end of this developmentprocess,
simply due to the longproject development time without cash flows to offset expenses and the technical
challenges associatedwith large, complex project financing for materialsproduction. For example, at the
peak of industry and market interest in the rare earth sector inearly 2011, the Technology Metals Research
“ AdvancedRare-Earths Project Index ” tracked approximately275 rare earth projects under
developmentby 180 publicly -traded companies in countries, excludingprojects inChina, Russia, and
India. April 2021, only two of these projects entered full- scale production, and two others

remaininpilot-plant production — a combined success rate of 1.5 percentover the past decade.

U.S. ProductionandNet 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 last sixty years 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 (including changes in existing
stocks ) minus exports as a percentage of domestic consumption . Though encompassing all strategic and
critical materials, the number of non - fuel mineral commodities for which the United States is at least 25

percent import reliant has grown from 21 products to 58 products from 1954 to the present, with current net
import reliance shown in Figure 4.

13 DerivedfromDudleyKingsnorth, RareEarths: ReducingOurDependenceUponChina, Metal-PagesRare Earths

Conference( September2011); notethat the developmenttimeline for recyclingprojectsor addingnewprocessing

circuitsto existingprimaryproductionfacilitiesmay havea significantlyshorter( 1-3 years) developmentcycle.
14 GarethHatch Introducingthe TMRAdvancedRare-EarthProjects Index,” FuturesMagazine(January 6, 2011),

http://m.futuresmag.com/2011/01/06/introducing-tmr-advanced-rare-earth-projects-index
15 UnitedStatesGeologicalSurvey, ComparisonofU.S. Net ImportReliance for non -fuelmineralcommodities– A

60- YearRetrospective( 1954-1984-2014), https://pubs.usgs.gov/fs/2015/3082/fs20153082.pdf
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Figure4 : U.S.Net ImportReliance (2020
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DIAMOND (INDUSTRIAL ), dust, grit, and powder 47 China, Ireland , Republic of Korea , Russia

PALLADIUM Russia , South Africa Germany , United Kingdom
SILICON and ferrosilicon 38 BrazilRussia, Canada

COPPER Chie Canada , Mexico

MICA ( NATURAL ) scrap and fake 31 Canada , China India Finland

PERLITE 2 Greece China , Mexico , Turkey

SALT 21 Chie, Canada, Mexico, Egypt
BROMINE Jordan China
ZRCONIUM andconcentrates Africa Australia Russia
LEAD Canada Republicof Korea, Mexico India
VERMICULITE SouthAfrica, Brazil Zimbabwe, Kenya

allmineralcommodities covered in this publication are listed here. Those notshown include mineralcommoditiesforwhich theUnited States is a net
exporter(boron; clays diatomitehelium ; andsteelscrap: kyanite; concentrates andgravel ash ; titanium

pigment wollastonite andzinc concentrates or less than 20 % reliant abrasives, metallic aluminum
feldspar ; ironandsteel ironand ( fixed) phosphaterock andgravel construction

rusher talcand . Forsomemineral mmodities( hafnium; mercury quartz crystal industrial andthorun enough

isavailable tocalculatetheexactpercentageof importreliance
Listed indescendingorder of import share.
Datainclude

Number of mineral commodities

40

This evaluation of net import reliance is constrained to observable U.S. and international trade statistics for
direct demand. Direct demand records imports of strategic and critical materials, as “materials,” for use by
domestic manufacturingoperations. However, certain sectors of the industrial base may have so atrophied
that no U.S. manufacturer is purchasing said strategic and critical materials. At this point, U.S. net import
reliance for materials is captured by an evaluation ofembedded demand imports of intermediate goods and
value-added products that already contain strategic and critical materials.

An excellent example of embedded demand versus direct demand is the rare earth market. U.S. mine
productionof rare earth elements was approximately 28,000 metric tons in2019, with direct U.S. imports of
approximately 13,000 metric tons (rare earth oxide equivalent basis). U.S. production and imports,
respectively, constitute about 12 percent and 5 percent ofglobal rare earth production.17 The bulk of U.S.
production is in the form ofmineral/ chemical concentrates and some light rare earth oxides, and similarly,

16

6 GeologicalSurvey, MineralCommoditySummaries2021( January29, 2021 ,

https://pubs.usgs.gov/periodicals/mcs2021/mcs2021.pdf
17 U.S. GeologicalSurvey, MineralCommodySummaries– RareEarths (January2021),
https://pubs.usgs.gov/periodicals/mcs2021/mcs2021-rare-earths.pdf
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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 of rare earth elements in value -added products ,
such as those listed in Figure . Implicit in this trade phenomenon is the gradual decline in value - creation ,
innovation , research , and human capital development (see Appendix A for more detail .

Figure 5 DownstreamApplications for Rare Earth Elements

Element

LREE

Major Applications

Lanthanum Fluidcatalytic crackingfor petroleumrefining, nickel metalhydride( ) batteries,

metallurgicalapplications, glass and polishingceramicslighting.
Automobile catalysts and additive, FCC additives, catalysts, metallurgy, polishing,

Cerium powders and glass and others such as fertilizer, paint drying, and a stabilizer in plastics.

Applications often overlap with lanthanum .
Praseodymium NdFeB, metallurgical applications, pigments , batteries, and catalysts .

NdFeBmagnets, glass and ceramics applicationssuch as ceramiccapacitors,

metallurgicalapplicationssuchas a minoralloyingelementfor iron and steel alloys and
magnesiumalloys, luminophores, andotherapplicationssuchas NiMHbatteries,

Neodymium
catalysts, and lasers. NdFeB magnets are used in products such as computer hard disk

drives, magnetic resonance imaging (MRI), precision guided munitions, automotive
motors, wind turbines, andloudspeakers.

Samariumcobalt permanentmagnets, which are usedinelectronics ( includingmilitary

Samarium systems ), automobiles, aerospace , pumps , and medical devices. Other applications
include infrared absorption glass, optical glass , fuel cells, for nuclear applications, and
capacitors formicrowave frequencies .
Phosphors and luminophores, which are used in TV and computer screens, compact

Europium fluorescent lighting, light emittingdiodes (LEDs, and sensors. Other applications
include nuclear and medical applications and for some specialty alloysand lasers.

Metallurgicalapplications such as magnetic refrigeration, magnesiumalloys, and
Gadolinium specialty alloys. Also used in small amounts for samarium cobalt magnets. Other uses

includeMRIcontrastingagentand phosphorsfor dentaland medicalapplications.
Phosphors( green) for displays, LEDs, and inmedicalapplications, inpermanent

magnets, andforotherapplicationssuchas high-temperature cells, lasers, and
Terbium

magnetostrictive alloys for solid-state transducers and actuators used in sonar and
other dual use technologies.

Dysprosium Neodymium iron boron permanent magnets in which it makes up generally about 0.8
percentto 1.2 percentbyweightof themagnet magnetostrictive alloys.

Holmium Magnets,magnetostrictive alloys for sensors and actuators.

Nearly all erbium is used in polishing and in highly specialized glass lens applicationsErbium and fiberoptics.
Thulium Portable X -ray devices, research, and a dopant in solid -state lasers and highly

specialized fiber optics.

Metallurgicalapplicationsfor rareearthmagnesiumalloysandspecialtyaluminum
Ytterbium

alloys.
Lutetium Used in medicalequipmentand smallquantitiesin phosphors.

Yttrium -stabilized zirconia ( YSZ ) ceramics, phosphors, and metallurgy. Some specific

applicationsincludethermalbarriercoatings, lasers, oxygensensors, andsolidYttrium

electrolytesfor solid oxide fuel cells (SOFCs). Phosphors, opticalglasses, rotary-wing
aircraft alloys, and nickel-metalhydride (NiMH) batteries.
Solid oxidefuelcells SOFC), aluminum alloys for aerospaceand sportinggoods,Scandium

scandium - sodium lamps for outdoor venues, laser, optoelectronic materials, LEDs.

HREE
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U.S. and Allied18 Production Base for Strategic and Critical Materials

The Domestic Production Base

Working in close collaborationwith the private sector and multiple interagencypartners, DoD has mapped
multiple upstream tiers of the strategic and critical materials sector. This digital mapping tool, called the
Strategic Materials Assessment and Risk Topography (SMART), includes key domestic and international
nodes within strategic and criticalmaterial supply chains, the output and capacity for primary extraction and
downstream processingat these sites, as well as the relationships amongst these industry nodes and
downstream manufacturingsectors. DoD constantly updates SMART with data -feeds from across the U.S.

Government, open sources, and other businessproprietarydata in an effort to understand sub - tier supply
chain vulnerabilities in the strategic and criticalmaterials sector.

Outputs from SMART have been included in multiple reports to Congress pursuant to 50 U.S.C. , and
DoD continues to use SMART, alongwith several other industrial base mappingtools, to identify and
proactivelymitigate potential vulnerabilities inthe industrialbase from the spread of COVID - 19.

For DoD's modelingofstrategic and criticalmaterials vulnerabilities see Risk Factors at the LevelofArmed
Conflict and Appendix A ), used SMART to track 189domestic facilities that currently produce or could
produce the strategic and critical materials within the mitigation timeframe19 of those models. Given the
significant shortfalls identifiedin this analysis, the U.S. industrial base has significant latent capacity that could
support U.S. essential civilianand defense requirements given appropriate market incentives. The precise
capabilities at the facilities indicatedin Figure 6 are not labeled for security purposes, but these facilities
represent a variety of mining, processing, and advanced materials capabilities.

Figure6 : DomesticActive and PotentialProduction Sites for Strategic & CriticalMaterials

DAKOTA NEW

W

GEORG

Locations of Facilities and
Mines That Produce Critical

and Strategic Materials

18 Note: The UnitedStateshasmultipleallies and securityand tradingpartnersthat playa criticalrole in the

strategicandcriticalmaterialsindustrialbase. Thissectionprovidesan overviewofonlyselect partnersin the
interestofbrevity

50 U.S.C. 98h- 5 specifiesa base conflictperiod, followedby a three- year periodfor the replenishmentor
replacementofallmunitions, combatsupport items, andweaponsystemsand relatedessentialcivilianand industrial
requirementsafter the conflictperiod.
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GLOBAL FOOTPRINT

AlliesandPartners

The United States maintains robust relationships with its allies and partners to support the 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. Government. Unfortunately, the onset of the COVID- 19

pandemic severely disrupted the interagency's ability to advance these action plans.20

CANADA

Canada is a memberof the NationalTechnology and IndustrialBase (NTIB) under 10 U.S.C. 2500.

Canadiancompanies and persons are the only non-U.S. entities and persons who are considereda “domestic

source ” for the purposes of the DPA (50 U.S.C. 4500 et seq. ) . Both of these factors reflect the deeply

integrated natureof the U.S. and Canadian economies and the very strong security relationshipbetween the
United States and Canada.

This economic integrationleads to Canadabeingthe second-largest import source for those strategic and
critical materials for whichthe UnitedStates has net import reliancegreater than 50 percent.21Canadian

miningand materialprocessingcompaniesexporta variety of strategic andcritical materials to the United
States, includinghigh -purityaluminumandgallium. The latter, gallium , is gainingmoreimportancedue to

new Internet-of- Things andsemiconductorapplications, as well as longstandingapplicationsin integrated
circuits, laserdiodes, LEDs, solar cells, radarmissile defense, andinfraredimaging.

Trade in mineral -based strategic and critical materials between the U.S. and Canada exceeds $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 substantial resource 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 discussionofthe impactof COVID- 19pandemiconDoDactivitiesinthe strategicand criticalmaterialssector

is describedinU.S. DepartmentofDefense, FiscalYear2020IndustrialCapabilitiesReportto Congress( January
2021), https://www.businessdefense.gov/Portals/51/USA002573-20

percent201CR_2020_Web.pdf?ver= - Q percent3dpercent3d
21 U.S. GeologicalSurvey, “MineralCommoditySummaries ( January29, 2021),

https://pubs.usgs.gov/periodicals/mcs2021/mcs2021.pdf
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Figure 7 : Canadian Strategic and Critical Material Deposits22
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AUSTRALIA

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 contracting opportunities 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 IIIof the DPA.

As a mineral resource rich country , mining has long been a critical part of the Australia's GDP, as much as 11

percent in2020.23 Australia also competes with Canada on a roughly equal basis for mining finance, with

Australia edging -out Canada with a slightly greater share of global mining exploration expenditures ($ 1.5
billion versus $ 1.3 billion) in2019.24 Australia also holds vast deposits for a variety ofmineral-based strategic

and critical materials, citing twenty -one of the thirty -five minerals on the critical minerals ” list under E.O.
13817

TheAustralianGovernmenthas createda CriticalMineralsFacilitationOfficeand expandedthe eligibilityof
ExportFinanceAustralia to supportthe developmentofcriticalmineralsprojects. Keyobjectivesof this
office are enablingandattractinginvestment, internationalengagement, projectfinance, overseeingminerals

research, and developingAustralia’snationalstrategy for criticalminerals. Inits recentlypublishedAustralian
CriticalMineralsProspectus2020, Australiaidentifieddozensof potentialprojects, rangingfromearly
explorationto “ shovel- ready” projects.25

23

22 U.S. Geological Survey , International Geoscience Collaboration to Support Critical Mineral Discovery, Fact
Sheet 2020-3025 (July 2020) https://pubs.er.usgs.gov/publication/fs20203035

AustralianGovernment, WhyAustralia: BenchmarkReport(2021),https://austrade.gov.au/benchmark
report/ resilient-economy.
24 Prospectors& DevelopersAssociation of Canada (PDAC),MineralFinance2020: CanadaHoldingGround
(June 2020),https://pdac.ca/docs/default-source/priorities/access-to-capital/state-of-mineral-finance-reports/pdac
mineral- finance-2020_revised june 18-2020.pdf?sfvrsn= c9ec9b98_2
25 AustralianGovernment,Australian CriticalMineralsProspectus (October 2020),
https://austrade.gov.au/international/invest/opportunities/resources-and-energy
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Figure 8 :Australian Strategic and Critical Material Deposits26
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JAPAN

Japan is another important trading partner and U.S. ally in the Asia -Pacific region. Though not a memberof
NTIBnor eligible as a domestic source under the DPA,Japan is a “ qualifying country the purposeof the

Defense FederalAcquisitionRegulationSupplement (DFARS). Qualifying countries have entered into a
reciprocaldefense procurementagreementwith the United States to removebarriers to the purchase of
supplies manufacturedin or services providedby the other country. particular conditions, a
" qualifying country source is consideredequivalent to a domestic source in defense procurement
procedures.

Independentof this engagementwith Japan is a founding member of trilateral critical materials
cooperation with the UnitedStates and the EuropeanUnion (EU ), an effort ledby the U.S. Departmentof
Energy. The EU -US-Japan Trilateral on CriticalMaterials is an importantplatform for experts from all three

parties to exchange technical data and approaches to building secure supply chains for critical materials.

Thoughnot necessarily resource-rich, Japan is a vital player in supply chains for strategic and critical
materials—as an import destination, a source ofproject finance, downstream manufacturing, and a materials
R & D hub. After 2010, inresponse to a territorialdispute with China which led to a defactoChinese embargo

on rare earth exports, Japan adopted a coordinated, nationalpolicy to diversify its rare earth supply chains,
combiningR & D relatedto end -of-life recycling, stockpilingthrifting, substitution, and new product
development for rare earth elements inover-supply, as well as providing project finance for overseas mining
projects.

EUROPEANUNION

The principalmechanismthrough which the UnitedStates engages the EUon issues related to strategic and
critical materials is through EU -US-JapanTrilateral, althoughU.S. industry has also beeninvitedto
support EUinitiativesto assess their importreliancefor critical raw materials,” a frameworksimilar to

27

26 U.S. Geological Survey , International Geoscience Collaboration to Support Critical Mineral Discovery , Fact

Sheet 2020-3035 (July 2020), https://pubs.er.usgs.gov/publication/fs20203035
See DFARS252.225-7001, BuyAmericanandBalanceofPaymentsProgramand directlyrelatedclausesunder

DFARS252.225.
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“ critical minerals . The European Commission also released an Action Plan on Critical Raw Materials in

September 2020 , which calls for the EU to reduce its dependence on foreign sources throughout the critical
materials value chain .29

The United States maintains strong, informalcommunicationwith the EU via diplomaticchannels to ensure a

consistent exchange of ideas, as well as extensive communicationrelated to prospective legislationunder the

EuropeanGreenDealframeworkand new EU regulationon “ conflictminerals,” a subset of criticalminerals

on which the UnitedStates also has due diligencerequirementsunder the Dodd-Frank WallStreet Reformand
ConsumerProtectionAct.

A particularlyinstructivework for U.S. policyrelated to strategic and materialsis the analysis

completedby multiplestakeholdersacross academia, industry, Europeanand non-Europeangovernments,
andnon-governmentalorganizationsthrough the EuropeanRareEarthCompetencyNetwork(ERECON),

withsome of this work now taken -up by the emergingEuropeanRawMaterialsAlliance.30Noteworthy
recommendationsfrom ERECONincluded:

Support promising technologies by funding industry-led pilot plants for innovative heavy rare earth
element processing;
Leveling the playing field for European heavy rare earth exploration through co -funding for pre
feasibility and bankable feasibility studies; and
Makingwaste management rare earth -friendly through eco -design, incentive schemes for collecting
priority waste products, and streamlining policy and waste regulations.31

Drivers of Market Demand for Strategic and Critical Materials

Overview – Growth in the Chinese Market

As the world's largest national economies , the United States and China are the world's largest direct and

indirect consumers of strategic and critical materials.32,33 The 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 Cold War, China's strategic and critical materials industry has

expanded many times over (see Figure 9) to meet some of China's domestic demand. Even in cases where
other countries conduct the initial beneficiation of a strategic and critical material, China dominates the
processing of strategic and critical materials , giving it de facto control over the flow of material through the

supply chain .

28

29

EuropeanCommission, Studyon the EU'slist ofCriticalRawMaterials( September2020),

https://ec.europa.eu/docsroom/documents/42883/attachments/1/translations/en/renditions/native
European Commission , Critical Raw Materials Resilience: Charting a Path towards Greater Security and

Sustainability (September 2020), https://eur-lex.europa.eu/legal
content /EN / TXT / PDF / ? uri = CELEX :52020DC0474 & from = EN

EuropeanCommission, EuropeanRareEarth CompetencyNetwork ( ERECON,
https://ec.europa.eu/growth/sectors/raw-materials/specific-interest/erecon_en; EuropeanCommission, European
RawMaterialsAlliance, https://erma.eu/

European Rare Earths Competency Network , Strengthening the European Rare Earths Supply -Chain, Challenges
and policy options (October 2014) , https://reinhardbuetikofer.eu/wp
content/ uploads/ 2015 /03/ ERECON_Report_v05.pdf

The World Bank, “GDP (current US$ ) , worldbank.org,
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD?most_recent_value_desc=true
33 Jeff Desjardins, “ China's Staggering Demand for Commodities, ” visualcapitalist.com, March 2 2018 ,
https://visualcapitalist.com/chinas-staggering-demand-commodities/
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Figure 9: China's Share ofGlobalPrimary Production (1990-2018) 34
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NotwithstandingChina's surging domestic production, that productionhas not kept pacewiththe rapid
expansionofChina's economy, from a nominalGDPof $426 billionin 1992 to $14.2 trillion in 2019. This

substantialgrowth has led to an equally substantialincreasein China's net importreliancefor strategic and
critical materials (see Figure 10 ).35 As China's demand for cobalt, copper, lithium , platinumgroupmetals,
andother specializedmaterials increased, Chinasteppedup its efforts to capture the entirevalue chainina
variety of moderntechnologiessuch as permanentmagnets, batteries, and semiconductors.

Figure 10: China and United StatesNet ImportReliance (Compared)
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34 U.S. Department of the Interior, Investigation and Recommendations on our Nation's Reliance on Foreign
Sources of Critical Minerals ( September 30, 2020) , see Appendix G
35 The World Bank, “ China ,” worldbank.org , https://data.worldbank.org/country/CN

Gulley, A.L., Nassar, N.T., and Xun, S., “ China, the UnitedStates, andcompetitionfor resources that enable

emerging technologies,” ProceedingsoftheNationalAcademyof Sciences( April 2 , 2018) ,
https://pnas.org/content/pnas/115/16/4111.full.pdf
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Meanwhile, Chinahas implementedseveral policies, such as the Go OutPolicy,37 to accelerate its movement
intovalue-addedmanufacturingsectors. Strategic andcritical materialsassociatedwith the lithium - ionbattery
materialsupplychain have seen significantChinese ForeignDirectInvestment(FDI) flows, typically
accompaniedby off-take rights.

For example, China's nominal net import reliance for cobalt ores and concentrates is approximately 97
percent (see “ Sector 3 ” of Figure 10 ). That result obscures the fact that Chinese companies have actively

pursued equity positions or outright ownership in cobalt assets in the Democratic Republic of the Congo ,
Papua New Guinea, and Zambia . Making the conservative assumption that a Chinese company's equity
position in a particular asset is the minimum level of off -take it will purchase, then China's Go Out Policy

activities in cobalt have decreased China's net import reliance from 97 percent to 68 percent.38 Inaddition ,
China dominates downstream processing of cobalt ( scoring in “ Sector 2 Figure 10 ), effectively controlling
global material flows for processed cobalt.

Ofnote, the UnitedStates' net import reliancefor cobalt ores and concentratesis zero. As indicated
elsewherein this report, the absenceof net import reliancedoes not necessarilyindicatethe absenceof risk.

Inthis case, the UnitedStates doesnotimportcobalt ores and concentratesbecauseit has no downstream

processingcapability consequently, the U.S. has highnet importreliancein highvalue-added formsofcobalt
( i.e., “ Sector 2 cobalt embeddedinfinishedgoods (e.g., batteries).

Overview– U.S. Demand

Given their far upstreampositionrelative to the goods andservices typicallypurchasedby U.S. consumers,
strategic and criticalmaterials impacthundreds sectors of the U.S. economy, as categorizedby the North
American IndustryClassificationSystem (NAICS).

To capturethe relationshipbetweenstrategicand criticalmaterials to specific industry sectors as well as the
inter-dependenciesamongstthese sectors, DoD uses a combinationof input-outputand agent-based
economicmodelingapproaches. Due to a combinationof statutoryrequirements(ref: 50 U.S.C. and
the intense data requirementsto run these models, DoD exercises these models every two years and relies
heavily on support from across the FederalGovernment, includingthe DepartmentsofCommerceand the
Interior, federally-funded researchanddevelopmentcenters, U.S. nationallaboratories, and other
Governmentagencies. DoD also actively engages key domestic and foreignmarket participantsto integrate
business proprietaryinformationinto these models, to more preciselycharacterizepotentialshortfalls to
defenseor essentialcivilian requirementsduringpostulatednationalemergencyor peacetimedisruption
scenarios. The results of this modelingexercise are in AppendixA.

By way of example, the interagencyhas collected direct demand import statistics for rare earth elements from
the Departmentof Commerceand used agent-based modelinginpartnershipwith a nationallaboratoryto
develop estimates ofembeddeddemand in downstreamsectors ofthe U.S. economy. To characterize the
economicimpact of these materials on the broaderU.S. economy, these direct and embeddeddemand
quantities, multipledby market prices, may be compared against manufacturersurvey data, also collectedby
the DepartmentofCommerce.

Inthe case ofrare earthelements (see Figure 11 , approximately$613 million in U.S. consumptionofrare
earth elements unlocks approximately$496 billionin economicactivity inessential civilian sectors including

37

U.S.-ChinaEconomicandSecurityReviewCommission, GoingOut: An Overview of China'sOutward Foreign
Direct Investment(March2011 , https://uscc.gov/sites/default/files/Research/GoingOut.pdf
38 U.S. Departmentof the Interior, InvestigationandRecommendationson ourNation'sRelianceon Foreign
SourcesofCriticalMinerals( September30, 2020) , see AppendixG
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petroleumrefining, electromedicaldevice manufacturing, automotivemanufacturing, and search, detection,
andaeronauticalinstrumentmanufacturing.
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Figure 11: EconomicImpactof RareEarth Imports (byNAICSCode)

2016 expenditure Relative expenditure contribution for each industry
by rare earth element4
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Value Addedrepresentseach industry'scontributionto GrossDomesticProductbasedondata fromthe U.S. CensusBureau'sAnnualSurveyofManufactures
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2 Eachindustry'soperatingprofitmarginis calculatedas the ratio ofits operatingprofitsto its revenues. Operatingprofitsare calculatedas the difference

betweenthe totalvalue ofthe industry'sshipmentsandreceiptsfor services(i.e., its revenues) and its operatingexpensesunderthe followingcategories: payroll,
fringebenefits( e.g., employeehealthinsurance), costofmaterialsandenergy, rentalor leasepayments, changesininventories( includingfinishedgoods, work in

progress, and materialsand supplies) , andother operatingexpenses. Datafor eachparameterwereobtainedfromthe U.S. CensusBureau'sASM
Expendituresare based on the productof consumption quantities and the unit prices for each rare earth element as reportedby Argus Media. Consumption

quantities includedirect ( i.e., raw material) and embedded( i.e., those containedin finishedand semifinishedgoods) of rare earth elements as estimatedand
linkedto individualNorthAmericanIndustryClassificationSystem(NAICS) industries.

4 Color gradient indicatesrelativeexpenditurecontribution from percent (white) to 100 percent (darkblue) of each rare earth elementwithinan individual
industry ( i.e., withineach row ).
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335312 Motor & generator mfg.
335314 Relay & industrial control mfg.
335911 Storage battery mfg
335921 Fiber optic cable mfg.
335999 All other miscellaneous electrical equipment & componentmfg .
336320 Motor vehicle electrical & electronic equipment mfg.
336330 Motor vehicle steering & suspension components mfg.
336350 Motor vehicle transmission & power train parts mfg.
336390 Other motor vehicle parts mfg .
336412 Aircraft engine & engine parts mfg .
336510

Railroad rolling stock mfg.
336999 All other transportation equipment mfg.
339113 Surgical appliance & supplies mfg .
339115 Ophthalmic goods mfg.
339999 All other miscellaneous mfg.
Total oraverage

Magnets
Magnets
Battery, Magnets
Ceramics, Glass, Other

Battery

Phosphors
Magnets
Magnets

Battery, Catalyst, Phosphors
Ceramics

Magnets
Metallurgy
Battery, Ceramics

Polishing

Magnets,Metallurgy

$ 4,104

$ 4,939
$ 3,582
$ 1,538

$ 5,672

$ 8,695
$ 5,190

$ 12,283
$ 21,280
$ 24,399

$ 3,988
$ 2,490

$ 22,009
$ 3,625
$ 8,995
$ 496,782

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
4.82percent
12.06percent
27.23percent
17.01percent

23.32percent
17.30percent

$ 70.2
$ 5.3

$ 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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GreenEnergyDemand

To avoid the worst impacts of the climate crisis, the Biden-Harris Administrationhas committedto 50
percent or more reductionof carbon dioxide (CO2) and non-CO2 greenhouse gas pollutionby 2030,1with a
long-termgoal to reachnet-zerioemissions 2050. Though Federal action is important, consumer and
investor demands, combined with private-sector investment, increasingly are aligned around this levelof
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. Examples of mineral-basedclean technologies
include rare earth elements for permanent magnets inelectric vehicles and wind turbines; battery grade cobalt,
lithium, manganese, nickel, and graphite for vehicle batteries and grid storage; gallium and many other
materials for semiconductorsused in LEDsand power electronics used in wind and solar systems; and
magnesiumand aluminumfor vehicle lightweighting.

The Departmentof Energy leads the U.S. Government’sevaluation of strategic and critical materialdemand
modeling for green energy and energy conservationtechnologies through its CriticalMaterials Strategy.2
Independent of this assessment withheld as ControlledUnclassified Informationby the Department of
Energy, industry assessments indicate that forthcoming demand for battery-gradenickel, cobalt, and lithium
is expected to expand dramatically with global uptake in electric vehicles and stationary storage batteries (see
Figure12). The projecteddemand 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 UnitedStates can develop secure and resilient supply chains for clean technologies with a broadvalue-
based policy approach, including continuous research, primary production, downstream manufacturing,and
recycling. Given the environmentaland labor legacy of mining, increased mineralproductionand
reclamation activities must be held to modern environmentalstandards, requirebest-practicelabor
conditions, and consultationwith affected communities, including Tribal Nations in government-to-
government consultation. In doing so, the United States will make crucial progress towards meeting U.S.
economic and climate objectives.

1 The White House,Fact Sheet: President Biden Sets 2030 Greenhouse Gas PollutionReductionTarget Aimed at
CreatingGood-Paying Union Jobs and SecuringU.S. Leadership on Clean Energy Technologies (April22, 2021),

https://www.whitehouse.gov/briefing-room/statements-releases/2021/04/22/fact-sheet-president-biden-sets-2030-
greenhouse-gas-pollution-reduction-target-aimed-at-creating-good-paying-union-jobs-and-securing-u-s-leadership-

on-clean-energy-technologies/
2 See Appendix B.
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Figure 12: ExpandingGlobalLithium - Ion Battery “Megafactories”

Megafactory capacity forecast by tier ranking

125.2GWh(43% )

124.0 GWh (42 % )

44.5 GWh ( 15% )

2018

Total: 293.7GWh

2023
396.6 GWh (32 % ) 526.4 GWh (43 % ) 331.78 GWh ( 25 % )

Total: 1,234.8GWh

2028 616.0GWh(30% ) 829.1GWh( 41% ) 581.98GWh(29% )

Total: 2,027.1GWh

500 1,000 1,500 2,000 2,500

Tier 1 Tier 2 Tier 3 Source: BenchmarkMineralIntelligence

DeclineinU.S. Productionand ProcessingOperations

Focus on Low -Cost Production

Private sector participants are experts at seeking global low - cost producersfor strategic and critical materials. A
significant driver of this low-cost profile is natural, comparative advantage from unique geologic occurrences
or an abundance 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, waste water or hazardous emissions, and forced labor.

For instance, the chemical materials used to manufacture energetic compounds frequently use extraction or
synthesis routes that have environmentally harmfulwaste streams. These waste streams can be controlled
only with costly mitigation equipment. Countries whose environmental regulations are relatively lax (or even

non -existent) can produce critical materials at a lower , weakening suppliers where the regulations are

more stringent. Inaddition, government intervention may create a comparative advantage by providing tax
incentives and credits, subsidies, and other non-cash benefits. 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 byproduct or co-product of much larger
industrial markets— such as the recovery of rare earth elements from ironore processing, or germanium from
zinc refining. Consequently, producers and consumers generally treat many strategic and critical materials like
commodity products, with very little product differentiation among producers.

Counterintuitively, for the exact same strategic and critical materials, their downstream, value - added forms

may be so differentiated that the materials are unique and proprietary to a single company . Though thrifting
may be possible at upstream supply chain tiers, downstream material forms are not readily substitutable in
their end-use 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

3
BenchmarkMineralIntelligence, “ The Three Tiers ofBatteryMegafactories,” benchmarkminerals.com

( September13, 2019) , https://benchmarkminerals.com/the-three-tiers-of-battery-megafactories/; “ Tiers” of

productionrefer to ( 1) qualificationfor multinationalelectricvehicleproducersoutsideof China, ( 2 ) qualificationto

supplyChineseelectricvehicle producersor other applications, and ( 3 ) no priorhistoryofqualifiedproduction.
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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 temperature ,high modulus and high strength applications, only one
(non- U.S.) factory in the world is qualified to produce this material.

Permitting of Domestic Strategic and Critical Materials Production

Miningoperations— particularlywhen conductedoutside of establishedgovernance can have a significant
impact on the environment, includinghabitatdestruction, air and water pollution, hazardouswaste
generation, andother issues. As such, U.S.miningprojectsmustcomplywith stateandFederallaws, and

overseas miningprojectsmust adhere to local laws and global standardsdesigned to mitigate these impacts
and protecthumanhealthandthe 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 the decade -long development
timeline for strategic and critical materials projects . The National Environmental Policy Act (NEPA ), the
Clean Water Act , and the Clean Air Act are three commmmonly cited statutes affecting the strategic and critical

materials industry. NEPA also requires Federal agencies to consider the environmental impacts ofproposed

Federal actions and generally provide opportunities the public for input. The mission of the Clean Water Act
is “ to restore and maintain the chemical, physical, and biological integrity of the Nation's waters. ” Various
aspects of the industry potentially influence nearby surface water and groundwater sources , including
discharges from initial ore extraction and multiple downstream processing operations (e.g., solvent

extraction) . The Clean Air Act, first adopted in 1955 and modified in 1970, regulates emission limits on 187
dangerous pollutants. Mine plan of operations approvals by Federal land management agencies under Federal

mining regulations are required for mining operations on Federally -managed lands. Mining operations also
are subject to State permits and approvals.

Industry and related consulting groups have routinely cited the environmental regulatory process as an
impediment to strategic and critical materials production. Behre Dolbear, an industry advisory firm , regularly

evaluates the global mining sector using seven criteria relevant to a nation's business climate.4 The United

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 marks related to permitting risk, citing approximately seven to ten years to obtain the
relevant permits for full- scale operations.

On the other hand, more recent analysis by the Fraser Institute related to the investment climate for mining

exploration indicates that the U.S., on the whole, several U.S. States5 , in particular, are among the best

jurisdictions in the world. Similarly, a Government Accountability Office evaluation of U.S. Government
mine plan reviews found that approval processes, including NEPA, took from 1 month to 11years,
average time of 2 years. 7 This 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 reviews, changes inmine plans after submission, or complex or unusually high potential
environmental impacts.

with an

5

6

Behre Dolbear, 2014 Ranking of Countries for Mining Investment (2014), https://dolbear.com/wp
content/ uploads / 2016 / 04 /2014 -Where -to - Invest.pdf

Such as Idaho, Wyoming , Nevada, Utah, Alaska, and Arizona .
Jairo Yunis and Elmira Aliakbari, Fraser Institute Survey ofMining Companies 2020 (February 23 , 2021),
https://www.fraserinstitute.org/studies/annual-survey-of-mining-companies-2020
U.S. Government Accountability Office, Hardrock Mining, BLM andForest Service Have Taken Some Actions to

Expedite the Mine Plan ReviewProcess by CouldDo More (January 2016 ), https://www.gao.gov/assets/gao-16
165.pdf
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China's -Market Activities

Whereas the UnitedStates is a market economy, the U.S. Departmentof Commerceclassifies Chinaas a

non-marketeconomy, meaningChina does not “ operate on marketprinciplesof cost or pricingstructures, so
that salesof merchandisein such countrydo not reflect the fair value of the merchandise.” 8

This characterizationreflectsmarkedlydifferentpolicypreferencesin commercialmarkets, madeparticularly
stark for strategicand critical materials. ThedwindlingU.S.productionbase for rare earth elementsand rare
earth -derivedproductsillustratesthese differencesinpolicychoices andoutcomes.

Inthe 1990s, the United States largely allowed its domestic rare earth market to operate under market
principles, with small carve -outs for defense -specific requirements . Meanwhile, according to the U.S.
International Trade Commission , Chinese companies were circumventing various intellectual property rights
in their exports of low-cost NdFeB magnets to the U.S. market . In2003, following acquisition by a
conglomerate including a Chinese entity, the United States' leading NdFeB magnet producer ceased
operations and relocated its operations to China in 2003.10 Similarly , in 2015 , the United States ,Japan , and the
EU successfully challenged China's rare earth export quota administration system through the World Trade

Organization (WTO ) dispute settlement mechanism, which agreed that those export restraints violated WTO
rules.11Yet, over the course of this period, from to 2020, the United States lost at least four NdFeB

production facilities, and the United States also lost at least three rare earth separation facilities.13

By contrast, the Chinese Government has focused on capturing discrete strategic and critical material markets
as a matter of state policy. For example , China implemented a value -added tax (VAT) rebate for rare earth

exports in 1985, which contributed to the erosion and then elimination of U.S. production in the global

market. Figure 13 depicts the growth of rare earth exports from the 1960s to the present . In 2002,
China's National Development Planning Commission issued the Interim Regulations on the Management of Foreign

Investment in the Rare Earth Industry, which prohibited foreign investors from establishing rare earth mining

enterprises in China and exclusively owning and controlling rare earth smelting and separation projects. In

January 2014, China's Ministry of Industry and Information Technology took the lead in forcing the vertical
and horizontal integration of Chinese rare earth companies — pushing privately -held rare earth miners out of

the market in favor of a handful of national champions . This central planning and active management of the
rare ear indust base continues, with new draft management regulations under review and even more
expansion projects underway.

8 See 19 U.S.C. 1677( 18 )(A )
International Trade Commission , In the Matter ofCertain Neodymium -Iron- Boron Magnets , Magnet Alloys,

and Articles Containing Same, Investigation No. 337 -TA- 372 , Publication 2964 (May 1996),

https://usite.gov/publications/337/pub2964.pdf
10 David Moberg, “ Magnet Consolidation Threatens both U.S. Jobs and Security ,” In These Times (January 23 ,
2004), https://inthesetimes.com/article/magnet-consolidation-threatens-both-us-jobs-and-security

World Trade Organization , Dispute Settlement ( Summary ), DS431, “ China – Measures Related to the Exportation
ofRare Earths, Tungsten , and Molybdenum ( May 2015 ),
https://wto.org/english/tratop_e/dispu_e/cases_e/ds431_e.htm
12 Walter T. Benecki, “Magnetics Industry Overview : 2005 – Another Year of Significant Change in the Magnetics
Industry, waltbenecki.com ( November 2005),
https://waltbenecki.com/uploads/Another_Year_of_Significant_Change_in_the_Magnetics_Industry .

Joseph Gambogi, “ RareEarthDataSheet, inU.S. GeologicalSurvey, MineralCommoditySummaries2020

(January2020), https://pubs.usgs.gov/periodicals/mcs2020/mcs2020-rare-earths.pdf
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Figure 13: GlobalRare Earth Production (1960-2020)
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RISKASSESSMENT

Overview

As noted in its reports on the health of the defense industrialbase,15 DoD assesses risk in the strategic and
critical materials sector in two tiers, at and below the levelofarmed conflict. DoD models the former set of

risk factors on a biennialbasis, in accordance with its duties as the National Defense Stockpile Manager under
the Strategic and Critical Materials StockpilingAct of 1979 (50 U.S.C. 98 et seq. ) .

Though the magnitudeofharmfrom market disruptions during armed conflict is high, the underlyingcauses
of these market disruptions are not new . Instead, the scenario levies a uniquely intense set of requirements
upon an already fragile market. This fragility exists today — under conditions well below the threshold of

Armed Conflict — and generally results from market forces pushing firms to pursue the most economically
efficient or lowest-cost pathway to satisfy demand.

Over the past decade, peacetimesupplychain disruptionshaveincreasedin frequencyandintensity. The
COVID -19 pandemicis only the mostrecent, albeit severe, shock to globalsupplychains, butprivatesector

companiesmust alsocontendwith risks rangingfrom climate-inducedpower outages to cyber-attacks and
disruptionofshippinglanes. Core driversof this absenceof resiliencein the strategicand criticalmaterials
sector includethe followingrisk factors:

Concentrationof Supply

Single-Source Suppliers
Price Shocks

Human Capital Gaps
Conflict Minerals and Organized Crime
Forced Labor

RiskFactorsbelowthe LevelofArmedConflict

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 producers , it also means a large portion of global supply is subject to single

15

14 Derived from U.S. Geological Survey data .
Department of Defense,Fiscal Year 2019 Industrial Capabilities Report to Congress (June 2020),

https://www.businessdefense.gov/Portals/51/Documents/Resources/USA000954
20 20RPT % 20Subj% 20FY19 2007092020.pdf? ver= 2020-07-10-124452-180
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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, supplier diversity decreased from 2000 to 2014.

Figure 14: Market-Share of Largest Global Producers for Select Materials 16

2014

China

Rhodium

Vanadium

Magnesium

Rare Earths
Lithium

Gallium

Platinum
Palladium

Indium

Manganese
Cobalt

Nickel

South Africa

Russia

Australia

Canada

Other

0 % % 20% 30% 40% 50% 60% 70% 80% 90% 100%

2010

Rhodium

Vanadium

Magnesium
Rare Earths

Lithium
Gallium

Platinum

Palladium
Indium

Manganese
Cobalt

Nickel

China

South Africa

Russia

Australia

Canada

Other

0 % 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

2000

Rhodium
Vanadium

Magnesium
Rare Earths

Lithium

Gallium
Platinum

Palladium
Indium

Manganese
Cobalt

Nickel

China

South Africa

Russia

Australia

Canada

Other

0 % 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

16 DepartmentofEnergy, “Figure2-3. Comparisonofshare ofthe three largestglobalproducersofselectmaterials
(2000, 2010, and 2014) ,” CriticalMaterialsStrategy( February2019), p 16.
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When a particular country's share of global production exceeds half of global production for a particular
strategic and critical material, that country is considered a “ foreign market dominator ” for the purposes of

input-output or agent -based economic modeling Figure 15 displays a list of 37 shortfall strategic and
critical materials (see the section, Risk Factors at the Level of Armed Conflict) that exhibit this foreign market
dominator criterion .

Figure 15: Strategic & CriticalMaterialsSubject to a ForeignMarket Dominator

Aluminum, high purity Manganesemetal, electrolytic

Arsenic, molecularbeamgrade Neodymium

Barium Niobium

Berylliummetal Praseodymium

Berylliumore, berylore Rare earth permanentmagnets, NdFeBtypes

Bismuth Rare earth permanentmagnets, Samarium Cobalt types

Carbon-Carbon (multiple) Samarium

Cerium Scandium

Erbium Steel, 1080 grade ultra-high strength cable tire cord

Energetic Materials18 Steel, grain oriented electrical steel silicon-based

Europium Strontium

Fluorspar , acid grade Tin, low alpha

Graphite, iso -moldedcivilian grade Tungsten , ammonium paratungstate

Graphite, iso-molded defense grade Tungsten, oresand concentrates

Lanthanum Yttriumoxide

Lithium metal Zirconium

Magnesiummetal

ByproductandCoproductionDependency

Byproductproductionof strategicand critical materialscanadd significantvalue to anexistingproduction
operationand improvethe businesscase for a nascent producer. However, somestrategicandcritical

materialsare derivedexclusivelyfrombyproductproduction, which means a fairly small market depends on
the prevailingdynamicsof a separatebutmuch largercommoditymarket. A mappingof this dependenceis
shown inFigure16.

17 The computation of the fraction of world supply that a specific country provides is made before any ofthe
conflict -related decrements are applied to its supply level.
18 Multiple types, see Appendix H.
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Figure16: Co-ProductionDependency19
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SingleSourceProduction

Insome cases the concentration of supply can be so extreme that U.S. or global production is concentrated in
a single source . Current domestic sole -source , or single points of failure, in shortfall strategic and critical

material supply chains (see Risk Factors at the Level of Armed Conflict) are shown in Figure 17.

Figure 17 :Select Domestic Sole -Source Strategic and CriticalMaterials

Aluminum , high purity Magnesium metal

Aluminum lithium alloys Manganese, ferromanganese

Barium Rare earth permanent magnets, SmCo types

Berylliummetal Steel, grain oriented electrical steel silicon -based

Berylliumore, berylore Strontium

Boronpowder Tantalum

Boron-10 Isotope20 Tin, low alpha

Energetic Materials21

19 N. T. Nassar, T. E. Graedeland E. M. Harper, “ By-productmetalsare technologicallyessentialbut have
problematic supply,” ScienceAdvances 2015) , https://advances.sciencemag.org/content/1/3/e1400180. This figure

demonstratesthe relationshipbetweencriticalmaterialsthat are producedas by-productsof primaryproducts. This
figuredoes not providea completepictureofall mineralson the FederalListofCriticalMinerals, 2018,

https://federalregister.gov/documents/2018/05/18/2018-10667/final-list-of-critical-minerals-2018.
20 Note: the Departmentof Defensehas run only a limitednumber of isotopesupplychains through its modeling

processfor the NationalDefenseStockpileprogram. The DepartmentofEnergy maintainsrobust monitoringofand
participationinthe isotopemarket, and at -risk materialsare covered inAppendixD and Appendix E
21 See AppendixA andAppendixH
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More generally , in DoD modeling of strategic and critical materials under national emergency conditions, a

domestic sole- source 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 single domestic producers 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 energetic materials
used in defense supply chains are sole-source products (see Appendix H ).

Figure19: Domestic ProducersforUnclassifiedShortfallMaterials
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Skills andHuman Capital Development Gaps

Fiscal Year 2020 Industrial Capabilities Report to Congress highlighted the vulnerability of a “ shrinking

workforce ” in advanced manufacturing. There is a mismatch between the skill needs of advanced
manufacturers vis - à -vis the training programs available . Programmatic responses to education and training

needs still focus on four -year STEM - programs rather than on digital industrial skills on the factory

floor. The Department of Commerce has summarized real, yet seldom recognized , challenge to U.S.
economic competitiveness from labor shortfalls in the strategic and critical materials sectors as follows:

The entireU.S.critical mineralssupplychain faces workforcechallenges, includingaging and
retiringpersonnelandfaculty; publicperceptionsabout the natureofminingandmineral
processing; and foreign competitionfor U.S. talent. Unless these challengesare addressed,
there may notbe enoughqualifiedU.S.workers to meet domesticproductionneeds across the
entire critical minerals supply chain.23

For more than 35 years , the number of colleges and universities 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
engineering.24 Former colleges of mining engineering have downsized to the point where they now exist as
smaller departments under a university's college of engineering. A principal reason for this decline in
education and knowledge is the reduced U.S. demand for mining engineers and technicians .

24

22 STEMstands for Science, Technology, Engineering, andMathematics.

23 U.S. DepartmentofCommerce, A FederalStrategy to EnsureSecureandReliableSupplies ofCriticalMinerals
(June 4, 2019), https://commerce.gov/sites/default/files/2020-01/Critical_Minerals_Strategy_Final.pdf

J. HarrisonDaniel, “ The Circumstances, EventsandPoliticsLeadingthe Closureofthe U.S. BureauofMines:
WasIt the CorrectDecision? ” MiningEngineering, Vol. 62, No. 4 (April2010) : p 20,

https://me.smenet.org/abstract.cfm?preview=l&articleID=436&page=20
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With the eliminationof these types of colleges and university departments, ostensibly for lack of funding or
demand or both, now only a handfulof miningand mineral-related degree-granting university programs are
left in the UnitedStates . This decline follows the defundingof the BureauofMines (USBM ) 25 years ago,
which issuededucationalgrants and assisted university programsacross the country. By way ofcomparison,
China has 39 universities grantingmineral processing and metallurgy degrees, thousands of undergraduate
and graduate students.

Many other downstream manufacturers continue to struggle to recruit and retain skilled workers, accordingto
a recent survey of small and medium-sized manufacturers (i.e., those with fewer than 500 employees) by the

ManufacturingInstitute's Center for ManufacturingResearch. When asked to identify the skills most difficult
to fill, 77 percent identified manufacturingand production skills, followed by maintenance, repair and
installation( percent), and engineering (39 percent) .25

Other evidence indicates hiring difficulties are concentrated among roughly one- quarter of U.S.
manufacturers, suggesting the skills challenge in U.S. manufacturingis manageable and amenable to targeted

policy action.26 Forging and incentivizing better structured connections between community and technical
colleges and manufacturers for well-defined industrial skills pipelines is needed to address shortages of skilled
labor in the UnitedStates . Inone survey , most U.S. manufacturers reportedthat, though they were aware of
a community college in their region, only about halfreported that they had conversationswith the college
regarding skill issues and only about a quarter actually used a community college for hiringnew employees or
training incumbentworkers.27

Insufficient domestic workforce capabilities also represents a significant economic loss for the United States .
For example , during the last available reporting period, China's rare earth mining industry and smelting
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 $258,000 per employee.28 Of note, rare earth mining and smelting operations are concentrated in non
urban provinces in which the average annual mining salary is less than $ per year.29

Conflict Minerals, ForcedLabor, Organized Crime, and Related Vulnerabilities

The production and trade of strategic and critical materials may involve a range of chain-of-custody risks at
the mine site and at each subsequent node. Human rights violations, including forced or child labor,
profiteering by non-state actors, environmental pollution the role oforganized crime, and corruption are

increasingly concerning factors for minerals and materials supply chains. Inresponse, modern consumers,
market economies , and even some non-market jurisdictions are increasingly demanding that 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 are no exception.

It is important to note that many of these issues are often associated with artisanal and small-scale mining
when addressing mining at the source. Those valid issues notwithstanding, large -scale mining also carries
many of these same issues and concerns .

25 The ManufacturingInstitute, The ManufacturingInstitute SmallandMedium -SizedManufacturersSurvey,

February2021: The NewNormal and - Pandemic WorkforceChallenges(February2021),
https://themanufacturinginstitute.org/wp-content/uploads/2021/02/BKD-MI-Survey-Feb2021.pdf
26 AndrewWeaverandPaulOsterman, “ Skill DemandsandMismatchin U.S. Manufacturing, ” Industrialand
LaborRelationsReview, Vol. 70, No. 2 (March2017) ,

https://journals.sagepub.com/doi/10.1177/0019793916660067
27 PaulOstermanandAndrewWeaver, “CommunityCollegesandEmployers: How CanWe Understandtheir
Connection ? ” IndustrialRelations, Vol. 55 , No. 4 (October2016), pp 523-545,

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2835733
28 Dataderived from the China EconomicCensus and NationalBureauofStatisticsofChina for the 2013 reporting

period.
29 Dataderived from China's NationalBureauof Statistics.
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The Departmentof Labor issues three regularassessments30on internationalchildand forcedlabor that
serve as a valuable resourcefor corporateresponsibilityand law enforcement to prevent andeliminate labor
abuses inglobalsupply chains. Thougheachhas a distinct mandate, collectivelythey document the current
situationfor child labor, forced labor, and force child labor aroundthe globe. As of the latest releasein
September2020, the List of Goods Producedby Child Labor or ForcedLaborincludes 32 goods and 13
goods, respectivelyare producedusing child laboror forcedlabor inthe miningandquarryingsector.
Strategicand criticalmaterialson this list include cobalt, tin, tantalum,and tungsten.

ConflictMinerals

The UnitedStates’ effort to break the connectionbetweenarmed groups andprofit from valuableminerals
was establishedthroughSection1502 of the WallStreet Reformand Consumer ProtectionAct of 2010—also
knownas Dodd-Frank1502. Dodd-Frank1502 defines “conflict minerals” cassiterite,columbite-tantalite,
wolframite,gold, or their derivatives,which include tin, tantalum, tungsten(3TG)31andrequires those
companieswho manufactureproducts or contract to haveproducts manufacturedthat contain 3TG that are
necessaryto the functionality or productionof those products to havecertainreportingrequirementsto the
Securities and ExchangeCommission(SEC). Ifa company reasonably believes the 3TGthey use may have
originated in the DemocraticRepublicof the Congo (DRC)or its adjoiningneighbors,the company is
expectedto file a conflict-mineralsreport with the SECdescribing its supply chaindue diligenceeffortsaimed
at the sourceand chainof custody of those minerals.

Section1502 also providesthe Secretaryof Statewith the authorityto designate additionalconflict minerals
beyond3TG, basedon a determinationthat suchminerals are financingconflict inthe DRCor an adjoining
country. Inaddition,as of January 2021, the EUis implementinga similar regulationcovering EU importers
of these same minerals when importingfrom an undefinedlist of conflict-affectedand high-risk areas. The
UnitedStates and the EUactivelysupport andpromoteprivate sector applicationof the Organizationfor
EconomicCo-operationandDevelopment(OECD)SupplyChainDue Diligencefor minerals as the key tool
for companies to understandtheir supply chains.

Approximately1,200 companies provide annualconflict minerals reports to the SEC on their efforts to
describethe source andchain of custodyof conflict minerals in their supply chains. GivenactiveU.S.
reportingrequirementsand the EU’semergingrequirements,the consumerelectronic, automotive,aerospace,
jewelry, andmedical industries— which comprise the bulk of industriesmost reliant on3TG— have largely
adaptedto the resultingcultureof supply chaindue diligence.

Forced and Child Labor

The TraffickingVictimsProtectionReauthorizationAct of 2005 (Public Law 109-317)the Departmentof
Labor (DoL) to producea biannuallist of goods it has reason to believe are producedby childor forcedlabor
(TVPRA list). The 2020 TVPRA list features 155 goods in77 countries. The list includes tin ore, tantalum
ore (coltan),and tungstenore (wolframite)minedwith forced labor, includingforcedchild labor, from the
DemocraticRepublicof the Congo(DRC);andgold producedwith forcedlabor, includingforced child
labor, fromBurkina Faso and the DRC. E.O.13126 on the List of Products Produced by Forced or IndenturedChild
Labor is intendedto ensurethat Federalagencies do not procure goods made by forcedor indenturedchild
labor, andSection 307 of the Tariff Act of 1930 (19 U.S.C. §1307) prohibits importingany productthat was

30 U.S. Departmentof Labor,“Findingson the Worst Formsof Child Labor”,

https://www.dol.gov/agencies/ilab/resources/reports/child-labor/findings;U.S. Departmentof Labor,“List of Goods
Producedby ChildLabor or Forced Labor”,https://www.dol.gov/agencies/ilab/reports/child-labor/list-of-goods;

U.S. Departmentof Labor,“List of Products Producedby Forced or IndenturedChild Labor”,
https://www.dol.gov/agencies/ilab/reports/child-labor/list-of-products
31 Separate from the reporting requirementunder Dodd-Frank1502,Congress also has adoptednew procurement
restrictions on DoDprocurementof end itemsand materialscontaining tantalumand tungsten metalproducts,as

well as two forms of rare earth permanent magnets. These procurementrestrictionsare implementedin 10U.S.C.
2533c.
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mined, produced, or manufactured wholly or in part by forced labor, including forced or indentured child
labor

To help mitigatetheserisks of child labor andforced laborin supplychains, includingin the extractivesector,
developedComply Chain: Business ToolsforLaborComplianceinGlobalSupply Chains. ComplyChain

providespractical, step -by- step guidanceon criticalelementsofsocial complianceand is designedfor
companiesthat donothave a socialcompliancesysteminplace or those needingto strengthentheir existing

systems.

TransnationalOrganizedCrime (TOC)

TOC groups, includingdrugtraffickers and insurgentgroups, use illegally minedgoldand other materials to
reapbillions inillicitprofits. They also use goldtraffickingto launder profits from other illicitactivities.
Thoughgold is not a strategicand criticalmaterial, governmentpolicyin this area is highlyinstructivefor
strategic and critical materials moregenerally. The UnitedStates does not havecriminallawsto investigate
commoditiesthat havebeenillegallyminedin other jurisdictions, and so U.S. law enforcementorganizations
increasinglyhave relied on Federalmoney launderingstatutes to address this illicitactivity.

Working with the Organizationof AmericanStates, for example, the State Departmenthas established a

regionalenforcement system to combat illegalmining financial structures. This project builds the capacity of

authorities inBrazil, Colombia, Ecuador, Guyana, Peru, and Suriname responsible for combattingillegalgold
mininginorder to increase investigations and convictions for crimes related to illegal miningand increase the

quantity and value ofseized and confiscatedassets linked to illegal mining criminal networksin all targeted
countries.

Market Economic Shocks

Strategicandcriticalmaterialsmarketsare oftenvery smalland becauseefforts to increaseproductionare

complexproject financeundertakings, supplyis relativelyinelasticin the short-run. Recentdatacollectedby
the CriticalMineralsSubcommitteeof the NationalScienceand TechnologyCouncil(NSTC, shows

aggregatesupplyfor severalstrategicandcriticalmaterialsslowlyrisingover the long-term. Over the same
period, however, this NSTCsubcommitteefoundsignificantshort- runprice volatilityfor many of the same
strategicand criticalmaterials (see Figure19 andFigure20).

Figure 19 : AnnualGlobal Production (SelectMaterials , 2000-2014 ) 32
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32 Derivedfrom National Science and TechnologyCouncil,AssessmentofCriticalMinerals: UpdatedApplication of
ScreeningMethodology (Washington, DC: NSTC, February2018), https://trumpwhitehouse.archives.gov/wp
content/uploads/2018 /02/ Assessment-of-Critical-Minerals-Update-2018.pdf
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Figure 20 : Indexed AnnualPrice (SelectMaterials, 2000-2014) 33
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Perhapsthe best-knowncase ofsignificantprice volatility in the strategic and criticalmaterialsmarketwas the
massiveshift inprices for rare earth elements over the course of 2010 and2011 (see Figure21) . Inshort, the
combinedeffects of changes inthe administrationof China's rare earthexport policies, a territorialdispute

betweenJapan and China in the East China Sea, andcapriciousenforcementofChinese customs led to
exponentialincreases in rare earth prices. Anecdotally, pricequotes for select rare earth materialswere

available to U.S.buyers for only a few hours, before the pledgedmaterials (at that price) wouldbe taken by
other consumers. The price spike set - off a waveofR& D , substitution, and somesupply-side investments,

but by the time the rare earth pricesreturnedto “ normal” after 2014, the market pressure to diversify supply
chainshad waned.

Figure 21: Prices for Select Rare Earth Elements, Benchmarked ( )

Jan- 02 1 Jan- 06 1 Jan - 10 1 - Jan- 14 1 - Jan- 18

Dysprosiummetal Cerium metal Neodymiummetal LBMAGold Silver London

Unfair Foreign Trade Practices

Anotherrisk to critical materialsupply chainsinvolvesunfair foreign trade practices that distortglobal prices
andaffect the competitivenessofU.S. producers. Theseincludebut are not limitedto exportrestrictions

33 Ibid.
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incentivizedomestic productionandprocessing; theft ofintellectualproperty, particularlyrelated to
processingtechnology and export subsidies. The UnitedStates enforces a range of U.S. trade laws to address
suchtrade practicesboth inthe UnitedStates andat the WorldTrade Organization(WTO ), often in
coordinationwith other tradingpartners that are similarly affected.

The UnitedStates has brought 23 cases against Chinasince its accessionto the WTO. Of those, eleven cases
were decidedin favor ofthe UnitedStates,nine settled via consultation, andthe balance are outstanding.

Some of these cases have rolledback discriminatorygovernmentaltrade practices that providedpreferences
for China's domestic industryat the expense of foreign buyers, but problematictrade practicespersist,
includingdumping.

“ Dumping” generally refersto the practiceof exportinga product at a pricethat is less than the comparable
price ofa likeproductinthe domestic market. Though costly and data -intensive, severalU.S. industry
segments have obtained favorable findings under anti-dumpinginvestigationsfor strategic and critical
materials, includingdutiesgreater than 140percentonChinese magnesiummetalexports. China produces
about 78 percentofglobal magnesium, and the UnitedStateshas a sole-sourcedomestic producerof primary
magnesiummetal. Magnesiumalloys help to reducethe weightofcars, and magnesium -rare earth alloys are
essentialfor certain rotary- and fixed -wingaircraftcastings. The former is especiallyimportantfor traditional,
internalcombustionengine vehicles to meet increasinglystringent fuel economy standards.

As ofApril2021, the UnitedStates has more anti-dumpingandcountervailingduty orders against China than
any other nation — 215 of576 orders.34 Of note, almost60 percent of these antidumpingandcountervailing
duty orders cover chemicals, steelproducts, andother metals and minerals.

Other foreignpracticesalso canunfairlydepress the prices of strategic and critical materials, thus harmingthe
competitivenessof U.S. producersandtheir commercialviability. Unfaircompetitiveadvantages includelax
enforcementofenvironmentalor worker health and safety regulations, as well as governmentintervention
(e.g., sales or purchases) to supportnationalchampions. ThoughChinais often cited as a quintessential
culpritofunfair trade practices, other countries that producestrategic andcriticalmaterialsalso have pursued
suchunfairadvantages.

Risk Factors at the Level ofArmed Conflict

NationalDefense Emergency Scenario Modeling

As the National Defense Stockpile Manager, DoD undertakes regular economic and scenario -based modeling
of strategic and critical material supply chains. The DefenseLogistics Agency Strategic Materials (DLA SM )
leads this work, offering detailed insights into strategic and critical material markets,and relevant
dependencies, under national emergency conditions. The Strategic and CriticalMaterials2021Reporton Stockpile
Requirements35 is the most recent and final edition, due to the repealof this reporting requirement pursuant to
Section 1061 ofPublicLaw (P.L.) 114-328.

Per the StockpilingAct, each edition includes alternative, more stressful scenarios inaddition to a “ base case”
military conflict scenario. Given the impactof the COVID -19 pandemic across the globaleconomy, DLA
SM included an “ alternative case” pandemic study inthe 2021 report.

Of the 283 materials monitoredor formally assessedfor this report, DLA SM identified unclassifiedbase case
shortfalls for 53 materials. During a nationalemergency, the UnitedStates is likely to face inadequate supply
of these materials due to an inability to access foreignsources, among various other factors. Foreign
sources include 84 different countries that produce at least one shortfallmaterial:

27 countries each produce exactly 1 shortfall material;

34 U.S. InternationalTrade Commission, AntidumpingandCountervailingDuty Orders inPlaceas ofApril14,

2021 (April2021) , https://usitc.gov/trade_remedy/documents/orders.xls
35 Thisreport, including key assumptions related to shipping losses, war damage , and other factors covered by 50
U.S.C. 98h-5, 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 between 6 and 10 shortfall materials;

7 countries each produce between 11 and 20 shortfall materials; and

3 countries each produce more than 20 shortfall materials.

Figure22 containsa list ofthe 53 unclassifiedbase case shortfallmaterials, with selectedimportantU.S.

applicationareasor criticalinfrastructuresectors. Ofnote, the absenceofa shortfallis not necessarily
indicativeofthe absenceof supply chainrisk. Instead, the zero shortfallresult mayindicatethat (1) DoDwas
unableto generatesufficientlyreliabledata to producemodelingresults; or ( ) the U.S. industrialbase may

have so atrophiedthat no U.S. manufactureris purchasingsaid strategicand criticalmaterials.

Figure 22: Shortfall Materials and Application Areas

ShortfallMaterial Major Application Areas

CommercialAircraft

Aluminum , high purity
CombatVehicles and TacticalWheeledVehicles

Aluminumlithiumalloys Commercial Aircraft

Pressure Blasting Applications

Plastics

Antimony
StorageBatteries

Synthetic Rubber

Arsenic, molecular beam grade
Semiconductorsand Other Electronic

Components

Berylliumore, beryl ore Beryllium Hydroxide, Alloys, Oxides, Metals

Beryllium metal Search, Detection, and Navigation Equipment

Medicinal Chemicals and BotanicalProducts

Bismuth PharmaceuticalPreparations

Primary Aluminum

Boron -10(boron isotope)36 NuclearPower

Carbon -Carbon (different types) Defense applications

MotorVehicle Parts

PetroleumRefineries

Glass and Glass Products, Except Containers
Cerium

MiscellaneousManufacturing

Broadcast and Wireless Communications

Equipment

Explosives and Propellants

36 The DepartmentofDefensehas runonly a limitednumberof isotopesupply chains through its modelingprocess
for the NationalDefenseStockpile program. The DepartmentofEnergymaintainsrobust monitoringofand
participationin the isotopemarket, and at -risk materialsare covered inAppendixD and AppendixE
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ShortfallMaterial Major Application Areas

AmmunitionPrimersand Tracers

Energetic Materials37
Demolitionand Fuses

Erbium OpticalInstrumentsandLenses

Europium Miscellaneous Manufacturing

Fluorspar, acid grade FluorocarbonAir Conditioning

Pharmaceuticalsand Medicines

Gadolinium TransportationEquipment

MiscellaneousManufacturing

Semiconductor machinery
Graphite, iso molded civilian grade

Industrialmolds

Industrialmolds

Graphite, iso -molded defense grade Industrialfurnaceandoven manufacturing

Otherdefenseapplications

PetroleumRefineries

Lanthanum

MotorVehicleParts

Alloys

Lithium metal Batteries

Pharmaceuticals

Magnesium metal Transportation

MetalContainers, Packaging, Shipping Materials

Construction and Building Products
Manganesemetal, electrolytic

MotorVehicle Parts

Electrical and Communications Equipment

Construction and BuildingProducts

Manganese , ferromanganese Motor Vehicle Parts

Oil and Gas

Computer Storage Devices

Miscellaneous Manufacturing

Non -MetallicMineralProducts

Neodymium

TransportationEquipment

Electronic Components

Motorsand Generators

37 Multiple types , see Appendix A and Appendix H
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ShortfallMaterial Major Application Areas

Oil and Gas

Niobium MotorVehicle Parts

Aerospace Products and Parts

SyntheticDyes andPigments

Miscellaneous Manufacturing

Praseodymium Non-MetallicMineralProducts

Computer Storage Devices

MotorVehicle Parts

IndustrialMotors

Rare earth permanent magnets, Neodymium Iron
Boron(NdFeB) types

MotorVehicle Parts

Magnetic Resonance Imaging(MRI)

Electric Motors

Rareearthpermanentmagnets, SamariumCobalt

(SmCo) types
MedicalDevices

ConsumerElectronics

Rubber, natural Tire Manufacturing (except retreading)

Samarium Electromedical and Electrotherapeutic Apparatus

Scandium FuelCells

Steel, 1080 grade ultra -high strength cable tire cord Tire Belts and Bead Wire

Steel, grain oriented electrical steel silicon -based TransformerLaminations

ElectronicCapacitors
Tantalum

Explosively - formed projectiles , warheads

Tin , low alpha Solders for Electronic Components

Titanium sponge Aerospace, Commercial

MetalworkingMachinery
Tungsten

Electric LightingEquipment

Miscellaneous Manufacturing

Yttrium Electric Lamp Bulbs and Parts

AircraftEnginesandEngineParts

Yttrium (multipleother types)
Semiconductors and Other Electronic

Components

Non - Availability ofDomestic Stockpiles

U.S. industry maintains some buffer stocks and other work - in -progress 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 inventoriesoutside ofmandatoryassessmentsby the Bureauof Industryand Security (BIS) at the
DepartmentofCommerce, pursuantto TitleVII ofthe DPA.

DoD maintains a stockpile of strategic and critical materials through the NDS, authorized pursuant to the
Strategic and Critical Materials Stockpiling Act of 1979 (50 U.S.C. 98 et seq.) . Ofnote, 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 defense and essential civilian industry from a national emergency event.
By contrast, China's State Reserve Bureau is an economic stockpile and is more interventionist in markets,

actively combatting price volatility or supporting particular industry segments.

Currently, 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. As noted in the President's Budget Request for Fiscal Year (FY) 2021 and FY 2020,
the NDS Transaction Fundwill 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) the proceeds from
the sale ofexisting stocks.

Figure 23 NDSProgram Inventoriesasof September 30 2020

Antimony Lithium Ion

Beryl LithiumIon

Beryllium Metal Hot Pressed Powder Lithium Ion - MCMB

Beryllium Metal Rods ElectrolyticManganeseMetal

Beryllium Metal Vac Cast Manganese Ferro High Carbon

BerylliumStructuralPowder ManganeseMetallurgicalGrade Ore

Cadmium Zinc Telluride Substrates Mercury

CarbonFibers - PAN NickelAlloys

Chromium - Ferro HighCarbon PlatinumGroupMetals-Iridium

Chromium - Ferro Low Carbon PlatinumGroup Metals-Palladium

Chromium Metal PlatinumGroup Metals- Platinum

Cobalt PlatinumGroup Metal Alloy / Wire

CobaltAlloys PlatinumGroup Metal Compounds - IridiumAlloy

Columbium Metal Ingots Quartz Crystals

Ferroniobium Low-Alloy -Steel Grade Silicon Carbide Fibers

Ferroniobium Vacuum Grade Tantalum Columbium Concentrate

Ferroniobium Stainless -Steel Grade TantalumMetal

Dysprosium TantalumAlloy

Ferrodysprosium Tin

Europium Oxide (4N) Titanium Alloys

EuropiumOxide (5N) Energetic Materials ( Multiple Types

Europium( SEG) Tungsten Ores & Concentrates
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Germanium Metal – Intrinsic Tungsten Metal Powder

GermaniumWafer Tungsten Alloys

Germanium Scrap (Coated) (Uncoated ) Tungsten -Rhenium

Iron Alloys Zinc

The fundingdeficit for the NDSTransactionFundis drivenby a combinationofgrowingshortfall

requirementsandlegislatively-mandateddisbursementsfrom the NDSTransactionFundto other programs
(see Figure24). FromFY2003to FY2018, Congressdiverted89.8 percentof the proceedsfromNDS
Programactivities, measuredin real dollars, to otherdefenseand non-defenseprograms, suchas the
Operations& Maintenanceaccountsofthe MilitaryServices, constructionof the WorldWar IIMemorial,

andthe FederalSupplementaryMedicalTrust Fund.

Figure 24 : NationalDefense Stockpile Transaction Fund Distributions

Distribution Type

Total Amount

( FY03 )
( Real $ 2018 )

Average Annual
Cash Flow

( Real $2018)
Sample Activities / Accts .

To National

DefenseStockpile
TransactionFund

$ 417.3M $ 26.0M

To Non-Defense
Accts.

( $ 998.6M) ( $ 62.4M)

• Materialacquisitions
• Qualificationof new sources
• MetallurgicalR& D

• GeneralTreasuryAcct.
• AmericanBattleMonuments

Commission (World War IIMemorial )
• Hospital Insurance Trust Fund

• Federal Supplementary Medical Trust
Fund

• ForeignMilitarySales Treasury Acct.
Electromagnetic spectrum program

• Defense Health Program
• MILSVC Operations & Maintenance

accts .

To Other Defense
Accts

( $ 2,701.5M ( $ 168.8M)

Net Cash Flow to

NationalDefense
Stockpile
Transaction Fund

( $ 3,282.8M) ( $ 205.1M )

Inaddition to this inadequacyof funding, the NDS once held many of the materials currently identifiedin
shortfall. Forexample, the DepartmentofCommercerecentlyconcludedan investigationinto titanium
spongeunderSection232 of TheTradeExpansionAct of 1962, and the interagencyTitaniumSponge
WorkingGroup is evaluatingoptions to mitigatevulnerabilitiesin the titanium sponge supply chain, including
new stockpilepurchases. Unfortunately, the NDSliquidatedits stocks of titaniumsponge duringthe post
Cold War sell-off, andnow, to the extentpossiblewithinexisting funding, the NDSProgramis increasingits
stocks oftitaniumby recyclingit from end-of -life weapon systems. Similarly, the NDSformerly contained

approximately14,000metric tons of rare earthmaterials, equivalent to about7 percentoftoday's global
market. DoDhas submittedlegislativerequests to acquire rare earthmaterialsfor the NDS, butCongresshas
not authorizedthese purchases.
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OPPORTUNITIES & CHALLENGES

Challenges to Future Domestic Production

Transparency

Individualstrategic and critical materialsmarketsare often small, with incompleteinformationon trade flows,

production, prices, or inventories. This lack of transparencycan involveeventhe mostbasic levelof
information, suchas a materialscountryof origin. Forexample, sinteredNdFeBmagnetsare the highest
value segment of the rare earthmarket, with a value of about $10billionand an estimatedproductionof

160,000metric tons.38Theword “ estimated is emphasizedbecauseproducersandconsumersdo not report
productionor consumptiondata; and althoughthird-partypricingdata exists, there is little or no certainty

that marketparticipantsclose their business deals at the publishedprices. Further, rampantsmugglingand
illegal miningandprocessingleavesmanymarket participantsunable to trace the origins and chain-of-custody
for rareearthmaterials.

39

By contrast, the global crude steel market is far larger: approximately 1.8 billion metric tons in 2020.99 The
World Steel Association collects and publishes statistics on the global steel market, and the provision
of data is usually a requirement for membership . Similarly , aluminum prices are benchmarked to a
global, publicly -available exchange, with local market premiums . Data on production trade, and
price for steel and aluminum is, therefore, highly transparent .

Asymmetric Information

Due to the small 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 participants and 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 opinion editorial articles on strategic and critical
materials immediately following reported supply chain disruptions. These reports, though well -intended ,
generally include information on only one aspect of a supply chain , or they are unaware of important
developments by government or industry stakeholders .

Asymmetric information is not a lack of information . Rather, the disconnect between actual market activities
and the appearanceofmarketactivity delaysthe deploymentofprivatecapital profitableor promising
strategicand criticalmaterialsprojects, resultingininefficientuse of capital. The consequencesofasymmetric

informationcan includecriminalenterprisesconvincinginvestorsto buy physicalrareearth metal
inventories.40Rare earth metalsarehighlyilliquidand essentiallyworthlessto privateindividuals. The
perpetratorsfailed to disclosethis riskandleveragedmediaattentionfor personalgain.

Elastic Demand and Inelastic Supply

The operating tempo in strategic and critical materials markets also varies dramatically based on a
participant's position in the supply chain . For downstream manufacturers and individual buyers , response

times for price fluctuations can be measured from months to a few years. For upstream producers , however ,
the time to respond can range from years to decades . This gap between elastic and inelastic supply in

the short-run encourages a very conservative , risk -averse posture in the mining and mineral processing sector .

38 Adamas Intelligence, Rare Earth Magnet MarketOutlook to 2030 (August 2020) ,
https://adamasintel.com/report/rare-earth-magnet-market-outlook-to-2030/
39 World Steel Association , “ Global crude steel output decreases by 0.9 percent in 2020, worldssteel.org January
26, 2021), https://worldsteel.org/media-centre/press-releases/2021/Global-crude-steel-output-decreases-by-0.9--in
2020.html
40 Crown Prosecution Service, “ Money Launders Jailed for Role in Rare Earth Metal Scam worth 1 Million
Pounds, ” cps.gov.uk (September 30, 2019) https://cps.gov.uk/cps/news/money-launderers-jailed-role-rare-earth
metal-scam -worth -
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Exemplifying this disconnect is the U.S. lighting industry's transition from tungsten filament lighting products
to compact fluorescent, and then to LED products . For decades U.S. tungsten producers enjoyed steady

growth — until the emergence of compact fluorescent bulbs . As new homes and offices shifted to this more

energy -efficient offering, the U.S. tungsten industry went into decline, including the value -added
manufacturing skills needed for wire drawing . Compact fluorescent lighting relies on heavy rare earth

elements , such as yttrium and europium . As 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 require lesser quantities 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 lighting market, such as yttrium and europium .

Figure 25: U.S. Lighting Sales by Type ( 2015-2030)41
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SmallDefenseRequirementsRelativeto CommercialMarkets42

Even thoughthe U.S. ArmedForces havevital requirements for strategic andcriticalmaterials, the essential
civilian sector would likely bear the preponderanceofharmfroma disruptionevent. This findingis
consistent across every modelingexcursionby DoD since 2009. The NdFeB magnetmarketprovides an
effective illustrationof this finding.

A key assumptionwithin DoD modelingof the strategic and criticalmaterials under nationalemergency
conditions is that the U.S. Governmentwill makemaximumuse of allocation and prioritizationauthorities
pursuant to Title I of the DPA. Inbrief, if there were a threateneddisruptionofNdFeB supply the DoD
model assumes that NdFeBmaterials wouldbe diverted from civilian markets to the defenseindustrialbase.

This is similar to the recentdiversionofhealth resources from private buyers to FederalGovernment
contracts duringCOVID-19pandemic response. Boththe DepartmentofHealth and HumanServices and
the FederalEmergencyManagementAgency deploy these DPA,Title I authorities, respectively, to (1)
prioritizedirect Federalcontracts over private sector and state / local/ tribalgovernmentpurchasesofhealth
resources; and (2) require authorizationwith respectto exports ofhealth resources.

41 U.S. Department of Energy, Energy Savings Forecast of Solid -State Lighting in General Illumination
Applications ( August 2014) , https://energy.gov/sites/default/files/2015/05/f22/energysavingsforecast14.pdf

42 Formore detail on this section, see Appendix A.
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As regards the NdFeBsupply, DoDcurrently has all necessaryauthority to place priorityratings, usingDPA,
Title I , on strategicand criticalmaterials through the DefensePrioritiesandAllocationsSystem (DPAS)
regulationadministeredby the DepartmentofCommerce. Boththe DPASregulationand the delegationof
authorityto DoDspecificallynote that placingpriority ratings for stockpilingpurchases is permitted, so to
the extent that DoDneeds to place priority ratings under the DPASfor strategic and criticalmaterials— either
for NDS purchasesor operationalrequirements— it has the ability do so.

The disruptionof globalsupply chains fromthe scenario and, to a far lesser extent, diversionof supply under
DPASactions is expected to produce very largeessential civilian shortfalls morethan ten times

annual peacetimeconsumption. EvenifDoDlimitedall of its peacetimeNdFeBprocurement,

direct and embedded, to a singledomesticproducer, that arrangementwould not be sufficientto hedge the
risk to essential civilianindustry (see Figure 26), nor would it be sufficientto support even a moderately
sizedNdFeBproductionfacility.

Figure 26: PeacetimeCivilian and DefenseNdFeB Demand, versus EssentialCivilian Shortfalls

Reference : Capacity of a modern large scale
NdFeB production facility

U.S. Civilan Market Annual Demand

U.S. Defense Demand

EssentialCivilianShortfall Level

Reference : Capacity of a moderate scale
NdFeB production facility

Total U.S.NdFeB Demand

Further, a key difference between the essential civilian market and the defense market is in the form of their

respective imports . Both sectors rely on imports, but approximately two - thirds of DoD consumption of
NdFeB magnets occurs as direct demand of permanent magnet articles. By contrast , 60 percent of essential
civilian demand for NdFeB magnets are embedded demand in other intermediate or finished goods. DoD's

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 NdFeB magnet disruption since it is several
tiers removed from the products they purchase from foreign sources .

Overall, the essentialcivilianNdFeBshortfallandoutsized relianceonembeddeddemandindicatesthat a

civilian - centric mitigationapproachis necessary. DoDand FederalGovernmentactivities can act as a

catalyst, butabsentcollaborationwith the private sector, government-drivenmandatescircumscribedto
defenseprocurementwill notbe sufficient to close the gap betweenpeacetimeconsumptionandpostulated
nationalemergencyshortfalls.

Balancingthe Needfor AdditionalSupply andEnvironmentalImpact

Setting aside modeling shortfalls and significant demand expectations for green energy and energy
conservation products, the production of strategic and critical material can have significant physical impact

(e.g. , open pit 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 rainage or
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impoundments presents an opportunity to pair reclamation efforts with production , 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 , the Department of Energy cited six significant environmental challenges :

Low concentrationslead to processingmore material driving up energy consumption;
Increasedproduction of fine particulardust, from grinding and crushingoperations;

Potentialproductionof large volumes of liquid and solid wastes;
The toxic and caustic nature of chemical reagents required for extraction;

Processingoperations may create concentrations of radionuclides; and

Ifusingcurrent waste piles,extraction of rare earth elementscould shift ownership of the long-term
environmentalliability associatedwith the waste pile and levy new waste management standards not
otherwise applicableif the waste pile is left undisturbed.43

The Departmentof Energyis addressingthe environmentalconcerns identified in this 2017 report, and their
research effortshavedemonstratedthe technical feasibility for producingcriticalmaterials from
unconventionalsources, optimizingmany ofthe challenges cited in this priorwork. Continuedresearch in
this area is essential to minimize the environmentalimpactofusing unconventionalsources or particularly in
regions that are economically distressed, affectedby energy transitions, or harmedby adverse environmental
impact from the strategic and critical materialsindustry. More specificwaste characterizationand business
case analysis also will be requiredas this bench-scale test work advancesinto pilot studies.

In-process and post-consumer recyclingof strategic and critical materials often supplementprimary
production, and recyclingis a key componentofthe U.S. Government'sapproach to mitigatingstrategic and
critical materials risk. Forexample, DoDhas consistentlysought to identifyand then mature promising
technologies for NdFeB magnet collection and uptake. From2016 to the present, DoD has invested

approximately $30.7 millionin NdFeB magnetrecycling, first through SmallBusiness InnovationResearch
(SBIR) awards, followed by scale-up capital fromTitle IIIof the DPA.

Through this process, DoD and our non -defense agency partners, who assist with program management
reviews, have identifiedseveral challenges to increased recyclingofstrategic andcriticalmaterials:

Like coproduct or byproduct dependency , recycling of strategic and critical materials often depends on
the recovery of another metal with high intrinsic value, such as gold;

Take-back and collection schemes for end products containing strategic and critical materials are highly
variable, ranging from non-existent to completely closed systems in which end items must be returned to
the original manufacturer;

End products often are not designed for recycling (e.g., use adhesives and other proprietary fastening

devices, lack of labeling for processing and consumer awareness of recyclability, and use of hazardous
materials or materials that become hazardous waste at EOL) increase the cost of recycling; and

State and local regulations for take back and collection of end-items (e.g., consumer electronics)
containing strategic and critical materials are highly variable.

Opportunities to Resume Strategic and Critical Materials Production

Insupport of this assessment , DoD posted a Federal Register Notice of Inquiry, soliciting public comments
from anyinterested stakeholders. DoD received over 100 comments, supplemented by businessproprietary

43 U.S. DepartmentofEnergy, Report on Rare Earth Elements from Coal and Coal Byproducts (January 2017) ,

https://www.energy.gov/sites/prod/files/2018/01/f47/EXEC-2014-000442percent20 - 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 with key participants representing upstream and
downstream industry, large and small businesses , environmental justice advocates , academia, and consultants
to U.S. and foreign industry leaders . DoD held some of these discussions under “Chatham House Rule ” in
an effort to solicit a frank exchange of views on the challenges in the strategic and critical materials sector and

possible approaches to mitigating them .

Inthe course of DoD's stakeholder engagements, there is a clear — ifnot unanimous- -consensus that

environmental-social-governance (ESG) reporting and low -carbon 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 not yet place a premium on a “ sustainably produced” strategic and critical material,
with limited exceptions.

Sustainability, as a value proposition to support production and post-consumer recycling, has the potential to
structurally change strategic and critical material markets which, heretofore, have largely focused on cost —

be it the cost of production or imposing trade barriers to increase the cost of imports . Moreover, numerous

industry groups and non -governmental organizations already have set a strong foundation for responsible
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.

Takentogether, this untappedmarketdemandfor sustainably-producedstrategicand criticalmaterials

presentsan opportunityfor the U.S. Governmentto reward“ good ” behavior, whilerelyingon natural

marketforces to pushbadactors towards improvementor exitingthe market. Ultimately, the approach
implementedby the FederalGovernmentwill be bespoketo the particularchallengesassociatedwith each

strategicand criticalmaterialand itsmarket, with a sample includedin AppendixC.

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 “all of the above ” comprehensive strategy to increase the
resilience of strategic and critical material 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 on the following:

1. Developing and Fostering New Sustainability Standards for Strategic and Critical Material
Intensive Industries .

As detailedin this report, the global race to the bottomin searchoflowest-cost productionhas led to the

proliferationof criticalmineralextraction, processing, andrecyclingoperationsinlocationswithweak

environmentalregulations, labor standards, andgovernance. As the world-leadingdevelopedeconomy, the

UnitedStatescandrive globalmarket changetowards the value of environmentallyand sociallyresponsible
production.

Theprivatesector andFederalagenciesthat purchasestrategic and criticalmaterialsand end- itemscontaining
these materialsgenerallydo not evaluate the completeenvironmental, social, and relatedrisks associatedwith

unsustainableproductionpractices. TheU.S.Government, workinginpartnershipwith the privatesector

andother stakeholders, shouldencouragethe developmentof new sustainabilitystandards for designated
strategicand criticalmaterials to conductdue diligence, eliminatesourcesof unsustainableproduction, and

accelerateFederalandcommercialpurchasingof sustainableproducts. A recognizedsustainabilitystandard,
potentiallybackedby legislation, and coordinatedwith tradingpartners, would encourageprivatesector
investmentinsustainablesources andincreasesupply chainresilience.
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Develop Sustainably -Produced Content Standards for Strategic and CriticalMaterial-Intensive Industries

The U.S. Government should work with key stakeholders from the private sector, labor, and non
governmental organizations (NGOs) 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 public-private partnership focused on a handful of materials essential to the U.S. economy.
Over time, the Executive Branch should work with Congress to provide the authority to develop and
promulgate regulations that would support the use of “ sustainably produced” strategic and critical
materials from domestic and foreign sources.

Sustainability standards should be particularly applicable to those sectors that drive U.S.
consumption , particularly automotive and aerospace products , fuel production , power generation and
distribution , and electrical 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 “ sustainability should be developed through a collaborative process between the
Administration and other interested stakeholders . The scope of “ sustainability ” should ensure strong
environmental standards throughout the mining lifecycle ; corruption prevention ; worker health and
safety; the strength of local governance ; consultation 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 should be co -led by the
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 essential to informed consumer choice , an element largely absent in
strategic and critical material markets today, the U.S. Government should encourage clear
uniform labelling standard for sustainably produced critical minerals and materials . The U.S.
Government 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.

Establish U.S. Government Procurement as a Sustainability Leader

Though Department of Defense and other U.S. Government purchases will not be sufficient to

serve as an anchor” customer for most sustainably -produced end- items , adoption of a sustainability
requirement for U.S. Government purchasing will act as an important signal to the market. Upon

development of a “ sustainably produced standard the U.S. Government should direct the Federal
Acquisition Regulatory Council publish a rule for public comment that would establish a
preference or requirement for the selectionof products with highersustainably-producedcontent.

2.ExpandingSustainableDomesticProductionand ProcessingCapacity, IncludingRecoveryfrom
Secondary and UnconventionalSources and Recycling

As identifiedin this report, the United States faces weaknesses in both the productionand the processingofa
range of strategic and critical materials. Inaddition to demand-side commitments, the U.S. Government
shouldincentivizedomestic and foreignproduction, processing, and recyclingof strategic and critical
materials, ensuringthat they adhere to strong environmentalstandards, meaningfulcommunityconsultation
includinggovernment-to -government consultationwithTribal Nations, and stronglabor standards.
ExpandingU.S. productionand processingcapacitywill require investmentsinmining, includingin non
traditionaltypes ofmining, inprocessing, and in recycling. To the greatest extent possible,new processing
and recyclinginvestmentsshouldprioritize locations with economic development and high- quality job
creation opportunities for communities impactedby miningand the transition to a low -carbon economy.

Build a Foundationfor Accelerated Growth in Strategic and Critical Material Recycling
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Recyclingis 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
hybrid -electric and full electric vehicles, as well as other emerging technologies, reach end-of- life
(EOL). This could include strategic and critical materials in lithium - ion batteries (nickel, cobalt,
lithium , others) and electric motors ( rare -earth elements) .

The FederalGovernment, particularly the EnvironmentalProtection Agency, 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 strategic and critical materials, such as electric vehicle batteries.
Developinga strong, uniform national standard for end of life recyclingwould be a no-cost approach
to supporting the development of closed-loop recyclingprocesses (see Figure 27 for the variance in
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 State44
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There are multiple other areas inwhich the Federal 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. A second area ofsupport should include R & D support to develop technologies that
isolate and increase concentrations of strategic and critical materials in EOL waste streams .

Department ofDefense and the Department of Energy should continue to provide R& D incentives
for industry to develop, pilot, and deploy technologies that automate removal of rare earth magnets
and other strategic and critical material-containing components from EOL items, such as hard disc
drives, cell phones, and other small devices .

The Federal Government should work with industry through public -private partnerships to establish
standards for the requalification of strategic and critical materials and related components for reuse.
This would enable like - for -like reinsertion into the supply chain or “ down - cycling” to other supply
chains, ifreclaimed materials do not maintain sufficient performance in the original end-item.

44 Call2Recycle, “ Recycling Laws By State ” (2021), call2recycle.org , https://call2recycle.org/recycling-laws-by
state /
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The Federal Government should also lead by example by establishing a government -wide recycling
program to reclaim strategic and critical materials . For example , the U.S. Government operates more

than 4,000 data centers , which represent a near -term opportunity to leverage Federally - funded R& D
to recycle rare earth permanent magnets from hard disk drives.45

Collaborate with the States, TribalNations, andNon -GovernmentalOrganizations on Reclamation ofMining Waste

The Federal Government has a longhistory ofworkingwith States, Tribal Nations, andNGOs on

mine remediation, reclamationand restoration. However, these efforts center on individualprojects;

there is no unified national strategy to accelerate and coordinate these efforts, nor do these efforts

evaluate potentialresources withinminewastes at abandonedor other active miningsites.

As part of a material-by-materialstrategy to securea domesticsupply, secondaryand unconventional
sources shouldbe prioritizedto providenew, near-term sourcesof supply andreducethe need for

new conventionalextraction. TheU.S.GeologicalSurvey's , Minerals, EnvironmentalHealth,
and NationalLandImagingprogramsandpartnershaveidentifiedseveralrecommendationsto
support the developmentofsucha strategy, while helpingresourcemanagementagenciesweigh the
benefitsandrisks of reprocessing, reclaiming, and restoringmine wastesites. These include:

Acceleratingdevelopmentofa nationalminewaste inventoryby the U.S.GeologicalSurvey,
otherDepartmentof Interioroffices, U.S. Departmentof Agriculture, EnvironmentalProtection

Agency, and State agencies, includingsite prioritizationand coordinationof data collection, and
grants to universitiesandStates;

Supporting demonstration projects to reprocess, reclaim , remediate and restore abandoned mine
wastes ; and

Creating and staffing a Federal Advisory Committee ( FAC ) to bring together Federal, State,

Tribal, and privatesectoractors and, intandem, create a Federalinteragencybody that works

withthe FACto understandand focus effortson the environmentaland communityimpactsof
mine wastes and effectiveremediationandreclamationstrategies, includingopportunitiesfor

reprocessing, economicdevelopment, and workforceopportunitiesfor formermine workersand
miningcommunities.

Identify and Spotlight U.S. Sustainable Resource Production Opportunities

The United States - fuel mineralresources are significantly under-mapped relative to those of
other developednations; only 12 percent of U.S. territory has modern high- resolutiongeophysical

surveys of the subsurface, and only 35 percent is coveredby detailed geologic mappingof the surface
and near-surface.

By statute, the U.S. GeologicalSurvey's NationalMinerals InformationCenter within the Mineral

ResourcesProgramcollects informationon miningandmineralprocessing, throughto metal and

alloy production. These data on the -ground” portionofthe nation'smineralresourcebase

provide a foundation for significantbodies of analysis on supply chain risks, but significantgaps in

informationstill exist.

Moreover , the Department of the Interior should seek expanded funding and full staffing for the

U.S. Geological Survey's Mineral Resources Program , including the National Minerals Information

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. GovernmentAccountabilityOffice, DataCenter Optimization, ContinuedAgencyActionsNeededtoMeet

Goalsand AddressPriorRecommendations(May 2018), https://www.gao.gov/assets/gao-18-264.pdf
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U.S. Government. Furthermore , though NMIC is authorized 168 full- time equivalents (plus

contractors) , available funding has never enabled NMIC to staff-up to full strength (see Figure 28) .

Figure 28: Appropriations and Staffing for Departmentofthe Interior's NationalMinerals
Information Center $ 2021)
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The GeologicalSurvey and the major U.S. public lands agencies, the Departmentof the Interiorand the
Department ofAgriculture, also shouldestablisha new interagency task force to develop a material-by
materialplan to identify specific locations ofkey strategic and criticalmaterials inthe UnitedStates that could
be sustainably produceddomestically. This task force should include the EnvironmentalProtectionAgency
and consult with other key stakeholders, to ensure that such resources can be extractedwhile meeting the
highest environmental,TribalNation consultation, and labor standards.

3. Deploy the DPA and Other Programs

Title IIIof the DPAgives the President the authority to issue grants, loans, loan guarantees, and other
economic incentivesto establishindustrialcapacity, subsidize markets, and acquire materials. ThoughDoD
executes investments under the authorityofTitle IIIofDPAconsistentwith its duties as the DPA Fund
Manager, FederalAgency responsible for a critical infrastructure47sector may request the use ofDPA to
mitigate current or estimated shortfalls to nationaldefense.48

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 of DPA 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 to incentivize production across the supply chain , including downstream, high value
added manufacturing such as new magnet capabilities and advanced electric motor designs.

46

47

White House, E.O. 13603 National Defense Resources Preparedness (March 16, 2012),
https://obamawhitehouse.archives.gov/the-press-office/2012/03/16/executive-order-national-defense-resources
preparedness

As established by White House, PresidentialPolicy Directive – CriticalInfrastructure Security and Resilience
(February 12, 2013), https://obamawhitehouse.archives.gov/the-press-office/2013/02/12/presidential-policy
directive -critical - infrastructure-security -and -resil

“National defense” is defined in 50 U.S.C. 4552 to mean : programs for military and energy production or
construction , military or critical infrastructure assistance to any foreign nation, homeland security , stockpiling,

space, and any directly related activity. Such term includes emergency preparedness activities conducted pursuant
to title VI of The Robert T. Stafford Disaster Relief and Emergency Assistance Act U.S.C. 5195 et seq . and
critical infrastructure protection and restoration.
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Agencies also should use DPA, Title III and similar programs to support proven R & D capacities and

emerging technologies, particularly those developed by small businesses through the SBIR and Small Business
Technology Transfer (STTR) programs The Department of Defense's work to develop, mature, and scale

rare earth magnet recycling capabilities with a U.S. small business and engineering studies related to heavy
rare earth oxide separation through the IBAS program demonstrate this commitment to bridge the Valley of
Death” from late - stage research to full-rate production.

DoD has recently used DPA, Title III 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 Energy Policy Act of 2005 Public Law 109-58) and the Energy
Independence and Security Act of 2007 (Public Law 110-140 , which can support domestic production of
critical minerals.49

DPA, Title III and similar authorities shouldbe used to support domestic production in sustainable

productionand processing operations, like the greenhouse gas reduction, financial, and end-use
requirements of the DepartmentofEnergy loanprogram . When the Federal Government is

responsible for incentivizingdomestic production, the Government should take additional measures

(beyond complyingwith sustainability standards) to ensure that the mining occurs in an
environmentally and socially protective manner over the entire mining lifecycle through reclamation
and closure. Initialrecommendations include:

Conditioningeconomicincentivesto applicantswith strongpastperformanceon environmental
complianceat currentor previousoperationsor applicantsbringingenvironmentalbest-practices to
legacyoperations;

Providing incentives only for applicants that can demonstrate up- front financial assurance for full site
reclamation and closure .

Providing incentives only for mines in U.S. states that have strong mining environmental regulations and

enforcement and compliance programs.

Ensuringregular environmentalinspectionsinthe course ofawardeeperformance, to validate

compliancewith Federalpermits and approvals.

Requiringstrong labor protections, including prevailingwage requirements, use of Project Labor

Agreements and communityhireon constructionprojects, unionneutralitypolicies for employers, and a
banon mandatory arbitration agreements, as relevant to the proposed scope ofwork.

Requiringgoods and materials to be made in the United States and shipped on U.S.- flag, U.S.- crewed
vessels.

4. ConveneIndustryStakeholdersto ExpandProduction

Title VII ofthe DPA providesauthoritiesthat the interagencycan deploy today to supportrequirements
generationand definition, suchas the mandatorysurveyauthorityofthe Departmentof Commercein 50
U.S.C. 4555. Non-availabilityof data remains a significantconstraint to effectivemitigationprogramsinthe
strategic and critical materials sector, and so those agencies with informationcollectionrequirements, such as

49 Loans Program Office (Department of Energy), “ Notice of Guidance for Potential Applicants Involving Critical
Minerals and Related Activity,” Federal Register 85 No. 231 (December 1, 2020), 77202-77203 ,
https://www.federalregister.gov/documents/2020/12/01/2020-26407/notice-of-guidance-for-potential-applicants
involving-critical- minerals-and-related-activity
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miningproductionsurveys by the GeologicalSurveyor industrialbaseanalyses by DoD, shouldengage the

Department of Commerce to deploy this authority to mitigate data gaps.

Title VII of the DPA also authorizes the Federal Government to convene industry, with protection from civil
and criminal anti -trust 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 authorities to convene a government
industry working group to identify opportunities to expand sustainable domestic production , and explore
opportunities to create consortiums or public -private partnerships for sustainable domestic processing of key
strategic and critical materials .

5. Promote Interagency Research & Development 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 decade, these have been largely limited to early -stage research and
development past the stage ofmining. The Energy Act of 2020, as incorporated into the Consolidated
Appropriations Act, 2021 (Public Law ) provides additional authorization for the Departmentof
Energy to expand 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 laboratory-to-market transition for
emerging technologies in the area of sustainable production. The Departments of Defense and Energy and
other Federalagencies should signal their commitment and interest in U.S. innovationby establishing
stronger links between early stage research,DPA,Title IIIgrants, loans and incentives, as well as non
competitive awards through SBIR and STTR Phase IIIlegislative authority for commercialization. DPA,
Title III, when evaluating applicants, gives preference to small businesses.

Similarly, multiple agencies invest substantial 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 with universities in R&D . Timely investments by such agencies in technical
training and education will be essential to ensure that all other investment-driven recommendations can be
implemented — from mine engineering to sustained research inecologically sustainable modes ofproduction.

The Departments ofEducationand Energy, in coordinationwith other agencies as appropriate, should
conduct a joint study with a federally - funded R & D center to evaluate the development andprogrammatic
operationalizationofa fully -integratededucation and R & D center, consistent 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 address whole -of
nation needs.

6. Strengthen U.S. Stockpiles

National stockpiles can play a key role in supply chain resilience by providing a buffer against short -term
supply disruptions or bridging the gap between peacetime and full industrialmobilization. However, U.S.
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) ofNDSProgramrevenue to other defense and non -defense programs. Although Congress has ceased
those transfers, the NDS Programwill 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 DepartmentofDefense and essential civilian industry have shortfall requirements. More generally,
due to a lack ofavailable funding, less than 10 percent ofpostulated wartime material shortfalls are estimated
to be mitigated.

DoD'sflagshipauthority for the evaluationofrisk in strategic and critical materialssupply chains flows from
the Strategic and CriticalMaterialsStockpilingAct (50 U.S.C. 98 et seq.) . ThoughCongresshas made small
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adjustments to the statute since the end of the Cold War50, the last overarchingreview and reform occurred in

1979, and inthe intervening years, delegations of authority from the President to DoDhave not kept pace

with the reorganization of the Office of the Secretary of Defense.51Many of the recommendations from the

last systemic review of DoDstockpiling activities—morethan two decades ago—have not been

implemented.52

First, the President should issue an E.O. delegating existing authority for the release of NDS materials for
use, sale, or other disposition, pursuant to 50 U.S.C. 98f. Notwithstandingcongressional authorizationfor
this delegationthrough Public Law 112-239, no such delegation has been made.

Further, DoDshould seek new legislation to recapitalizeand modernizethe NDS Program, includingthe
following actions:

• Obtainnew appropriationsfor the NDS,totalingnot less than $1billionover the next FYDPto sustain

operations;

• Reinstatethe reportingrequirementfor biennialmodelingandsimulationof strategicand criticalmaterial

supply chains under nationalemergencyconditions(50 U.S.C. 98h–5);

• Grant the NDS the authority to purchase strategic and critical materials currently identified in shortfall

(e.g., rare earth elements);

• Grant the NDS the authorityto “loan” materialfrom FederalGovernmentstocks to U.S. private

industry,DoDComponents,or otherFederalagencies to mitigatepeacetimedisruptionrisk;

• Grant the NDS the authorityto purchasestrategicandcriticalmaterials,for actions less than $50M,

without congressionalauthorization;and

• Obtain appropriate direct-hire authority or other relevant authorization for the recruitment, retention,

and incentive pay for highly-qualified personnel to staff the NDS program and related national

emergency preparedness and mobilization programs, such activities 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 States also must work with allies and partners to strengthen collective resilience. The United States
should pursue several steps to do this:

50 Such as the additionof “single point of failure” analysis via P.L. 104-201.
51 RonaldReagan,E.O.12626,“NationalDefense Stockpile Manager,” February25,1988,
https://archives.gov/federal-register/codification/executive-order/12626.html
52 U.S. GovernmentPublishingOffice,“ProposedReconfigurationof the NationalDefense Stockpile,” Hearing
before the Readiness Subcommittee of the Committee on Armed Services,(U.S. House of Representatives,July 23,

2009,https://govinfo.gov/content/pkg/CHRG-111hhrg52723/pdf/CHRG-111hhrg52723.pdf
53 Founding membersof ERGIinclude the United States,Australia,Botswana and Peru.

• EngageTradingPartnersand EmergingMarketsto EnsureReliableSuppliesand ImproveGovernance

Through the Department of State and the Office of the U.S. Trade Representative, the United States
should engage with like-mindedforeign producers of strategic and critical materials to promote a
value-based approach as they consider approaches to sustainability—ratherthan one focused on
cost-imposition—andencourage alignment of U.S. and foreign product sustainability standards.

The Departmentof State should use government-to-government fora and relatedcollaborative
networks, such as the Energy Resources Governance Initiative(ERGI)53or the Extractive Industries
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• IncentivizeSustainableProductionby Allies and Partners

• Support IncreasedTransparencyinMaterialsSupplyChains

Transparency Initiative(EITI), to build foreign capacity to implement and oversee sustainable
practices in the strategic and critical materials sector. The Department of Energy-led trilateral
agreement between the UnitedStates, Japan, and the EU, as well as bilateral engagements with
Canada and Australia via the Department of State, are model examples for internationalcooperation
on strategic and critical materials. These efforts should continue and, as appropriate, additional
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 practices, and encourage a level playing field for investment. The Founding
Partners of ERGIalso have developed an online toolkit, free and open to the public, as a unique
resource for governments interested in sound governance and regulation of their extractive industry
sector.

The Initiative for ResponsibleMiningAssurance (IRMA) is an international coalition of businesses,
nongovernmentalorganizations, labor unions, mining operators, and other stakeholders that has
developed a Standard for ResponsibleMiningand 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
environmental, social, and financial responsibility policies, and also could provide a model for
responsible development of additional mines in the UnitedStates.

Multiple agencies of the U.S. Government can support the sustainable production and processing of
critical minerals and other materials in U.S. allies and partners. The Export-Import Bank of the

United States (EXIM) should 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 strategic and critical materials

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 and social standards, should improve local development of strategic and critical
materials extraction and value-added manufacture in accordance with sustainability goals and ease the

path to compliance for developing nations. Materials experts across the U.S. Government should
provide technical guidance to EXIM and DFC to assist them in assessing a potential project’s
sustainability and benefits to supply chain resilience.

Supply chain transparency for strategic 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 respect to labor and human 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 these areas by the actions outlined below:

o 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 producing states.

o The SEC should review compliance with Dodd-Frank 1502 and the rule promulgated

thereunder, issuing enforcement actions as appropriate. The Department of State develop a

spend plan to fully-resource its supply chain transparency and governance initiatives. Section
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o The Department of State should seek new authority from Congress to expand Section 1502

beyond the African Great Lakes Region to other conflict-affected and high-risk areas. This

expansion would mirror global compliance trends, such as those planned in the EU.

o The Departmentof Treasury, Department of HomelandSecurity, and the Department of State,

with collaborationfrom other Federalagencies as appropriate, shouldbuild a coalition of

stakeholders, financiers, and practitioners to develop innovativesolutions to increase

transparency throughout supply chains from miningto finished product delivery in materials

with a high risk for humanrights abuse and corruption.

o The Departmentof State, the Department of Justice, the Department of Homeland Security, and

the Department of the Treasury should develop a spend plan to (1) fully-resource and staff their

activities to trace strategic and critical materialsupply chains, investigatemoney laundering,

corruption, links to organizedcrime, and human rights abuses; and (2) implement the

appropriatemix of civil, criminal, and administrative enforcement actions.

o The Presidentshoulddirect the AttorneyGeneraland the Secretaries of State, Treasury,

HomelandSecurity,Departmentof Labor to provideperiodicupdates to the NationalSecurity

Counciland the NationalEconomicCouncilon strategicandcriticalmaterialdue diligencelaws,

industrybest-practices,and recommendations—toincludenew legislation—toreducethe impact

of forcedlabor, organized crime, andother human rightsabuses instrategicandcriticalmaterial

supply chains.

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 Republic of the Congo and the African Great Lakes Region.
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BIS - Bureau of Industry and Security, Department of Commerce
USBM - Bureau of Mines, a now-closed component of the 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

ERECON – European Rare Earth Competency Network
E.O. - Executive Order
EXIM - Export-Import 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 Stockpile
NEPA - National Environmental Policy Act

NMIC - National Minerals Information Center
NSTC - National Science and Technology Council
NTIB - National Technology and Industrial Base

NdFeB - Neodymium IronBoron
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 Transfer

SMART - Strategic Materials Assessment and Risk Topography
SOFC - Solid Oxide Fuel Cell

TREO - Total Rare EarthOxide
TVPRA - Trafficking Victims Protection Reauthorization Act list
VAT - Value-Added Tax

WTO - World Trade Organization
YSZ - Yttrium-stabilized zirconia
3TG - Tin, Tantalum, and Tungsten
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EXECUTIVESUMMARY

Keepingthe Nation’sdrugsupply chainsecure, robust,andresilient is essential for the nationalsecurity and
economicprosperityof the UnitedStates. A robust pharmaceuticalsupply chainhas at least threecritical
features:1) the ability to manufacturehigh-qualityproductsfor the U.S. market;2) diversificationof the drug
supply chain, such as relyingon a geographicallydiverseset of manufacturers;and 3) redundancyof the
supply chain, such as the existenceof multiplemanufacturersfor each product andits precursors. A nimble
structure that is flexible enoughto changevolumes andproductsinresponseto supply anddemandis also
importantfor a robust supply chain. As this report details, the pharmaceuticalsupplychain is complex,
global, andvulnerableto disruptions.

The stabilityand resilienceof the drug supplychain are highly influencedby market factors that haveledto
increasingrelianceon foreign countries to manufacturethe medicines,activepharmaceuticalingredients
(APIs)andtheir key starting materials(KSMs)that serve the Americanpublic. Vast multinationalsupply
chains andcomplex productionand distributionparadigmscanall contributeto disruptionsincrucial steps in
the supply chainthat increasethe risk of a drug enteringshortageandother consequencesof disruptionsuch
as qualityconcerns.

Market factors, such as cost pressure,play a roleas well, as they tendto decreasediversification,redundancy,
andinvestmentinnewer qualitysystems. Over the past 30 years, the genericpharmaceuticalmarket,which
accounts for 90 percent of the drugs prescribedto Americans,has consolidatedand increasinglyoutsourced
its productionto countrieswith lowerlabor andmanufacturingcosts in responseto low profit margins.
Productiondomesticallyis largelynot competitivedue to factors suchas higherlabor andother costs of
production,includingenvironmentalandoccupationalcodes. Inaddition,concentrationinthe
pharmaceuticaldistributionmarket drives negotiatingpowerfor intermediaries,resultingin lowerretailcosts
to finalconsumers,but also inlower marginsfor manufacturers.

The genericdrugmarket,whichsuccessfullyprovidesaccess to affordablemedicationsto the American
public, faces severalchallenges:

• Low volume andmarginsfor manygenericdrugsresult indifficult economicconditionsfor new entrants.

• Anticompetitiveactionsmay be usedby certaincountries to obtainmarket share.

• Contractingpractices for distributionmay leadto furtherconsolidationthroughsole sourcecontracting.

As a result,marketandotherfactorscontributeto risk inthedrug supplychain,including:

• 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.

• Reduced incentives for existing manufacturers to invest in upgrading equipment, improving supply
chains, or expanding capacity.

• Lack of redundant capacity in manufacturing.

• Just-in-time inventory management practices that limit inventory and reduce the ability to respond to
surges in demand.

• Geographic concentration of manufacturers that puts production at risk from natural disasters or climate
change that can quickly affect an entire region.

Solutions to address the reliabilityof the pharmaceuticaland API supply chainshouldaddress the following
two priorityobjectives:

• Improvesupply chain transparency and incentivize resilience. Policies shouldseek to provide
increasedtransparency to distributorsand purchasers of the sources of drug manufacturingand the
quality of the facilities that make them. Greater transparency will incentivize distributors and purchasers
to shift to more resilient sources of supply. Policiesshould also establishmechanisms to rewardsupply
chain resilience and reductions inthe severity of drug shortages.
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• Increasing 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

foreign competition, particularly from India and China. While the United 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

inproduction costs, pricing, and volume sold; increasing government and private sector flexibility in
contracting and sourcing of finished drugs and raw materials; and studying whether the current market
for finished drugs supports a diversification of supply instead of relying on one 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:

• Boosting local productionand fosteringinternationalcooperation.

• Buildingemergencycapacity.

• Increasinginformationavailableto the FoodandDrugAdministration(FDA) to improve its surveillance

and shortagepreventionand mitigationefforts.

Boosting Local Production 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 chains of U.S. partners and
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:

• Identifyingfinancialincentivesor investment(both public andprivate) that can helpdriveprivatesector

willingness to developdomesticproductioncapacity, includingevaluating the meritsof a successor
financingprogramto the DefenseProductionAct (DPA)LoanProgram.

• Establishingnovelplatformproductiontechnology.

• Creating transparency around quality management.

• Addressingregulatoryquestions presentedby noveltechnologiesandusing a consortiumto coordinate
input fromall necessaryGovernmentagencies.

• Empoweringthe FDA to collect criticalnew data necessary to have transparency intothe supply chain to

identifyandmitigaterisks.

BuildingEmergencyCapacity

Evenas the U.S. bolstersdomestic production,there will always be unforeseenevents that will stress eventhe
most resilient supply chain. Inaddition, onshoringandcreating new supply chains with allies will be an
investment that will take a numberof years. The second pillar of supply chain resiliencestrategy is to build
emergencycapacity to ensure that we do not haveshortfalls of criticaldrugs during times of crisis.

Specifically,under this strategy, we would explorethe creationand expansionof a virtualstrategicstockpile of
API, other criticalmaterials,and finisheddoses focusingon the most criticalmedicationsto haveonhandfor
the Americanpublicand relying to the extent possible on domesticsuppliers,especially smallandsmall
disadvantagedbusinesses. Managedby the Strategic NationalStockpile,a virtual stockpilewould involve
contracts withAPI anddrug suppliers to holdsurplus together withsupport for surge manufacturingcapacity
rather than keepingAPIs anddrugs physicallystockpiledina central location.
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PromotingInternationalCooperationandPartneringwith Allies

Domesticproductionis only one aspect of driving resiliencein the pharmaceuticalsupply chain, since it is not
feasible, desirable, or realistic to expect every drug neededfor American patients to be produced on American
soil. As such, and with the growing dominance of competitornations, the United States must work with its
like-mindedregulatory partners to develop a secure and resilient supply chain that is not overly reliant on
materials or manufacturingfrom countries that lack a shared interest inmutuallybeneficialsupply chain
arrangements. The third and final pillar of our strategy is to increaseinternationalcooperation and partner
with allies to strengthensupply chain resilience. The U.S. Government shouldwork throughalready
establishedinternationalregulatorycollaborationand harmonizationorganizations,and, as needed, other
bilateraland multilateralfora and engagements to strengthen drug and APIsupply chain cooperation.

INTRODUCTION

Keeping the Nation’s drug supply chain secure, robust, and resilient is essential for the nationalsecurity and
economicprosperityof the UnitedStates. All Americans deserve safe, effective, and high-quality medicines
and assurancethat their next dose of medicinewill be availablewhen they need it. Access to medicine is also
a foundationfor a quality education and a healthy workforce. Childrenwho do not have access to needed
medications may be unableto attendschool, concentrateon learning, or socializewith other children, and
their caregiversmay be unable to enter the workforce. Employees who do not have access to needed
medications may be unableto work. Bothsituations can lead to housing and food insecurity, cause
substantialsufferingfor Americanfamilies, and exacerbate inequities in the racialwealth gap. Finally, in the
case of a naturaldisaster or a public healthemergency, having an adequatesurge supply of criticalmedications
to meet these needs is essential to supporting relief and recovery efforts, and ultimately saving lives.

The missionof the U.S. Departmentof Healthand HumanServices (HHS) is to enhance the healthand well-
being of all Americansby providingfor effectivehealthandhumanservices and by fostering sound, sustained
advances inthe sciences underlyingmedicine,public health, and social services. The agencies withinHHS
have different roles insupporting and protecting the pharmaceuticalsupply chain. HHS’ comprehensive
Supply Chain Risk Management (SCRM)Programdetects and seeks to prevent disruptions inthe
pharmaceuticalinfrastructureby identifying risks and vulnerabilities associatedwith the dependencyof critical
supply chain elementscontrolled within foreigncountries and by providingmitigationstrategies.

The FoodandDrug Administration(FDA) regulateswhich pharmaceuticalsenter the U.S. market. A key
component of FDA’s missionis to protect public healthby ensuringthe safety, effectiveness, and security of
humanand veterinary drugs and biologicalproducts. FDA’s Center for Drug Evaluationand Research
(CDER) regulates humanprescriptiondrugs, including certainbiologicalproducts, and over-the-counter
drugs. CDER determineswhether to approve drugs basedon whether they meet applicable statutory and
regulatoryrequirements for safety and effectiveness. CDER also monitors the safety of drugs on the market,
including brand-nameand generic drugs and brand-name and biosimilar biologicalproducts. FDA has access
to commerciallysensitive informationon manufacturingof productsthat enter the country, allowingfor:
oversight of the quality of manufacturingfacilities that produce these drugs, including biological products;
continuedproduct safety monitoring,including preventing the entry of fraudulent medications into the
supply chain; monitoringof the supply chain for shortages; and working to mitigateand resolvethe impact of
such shortages. The Centers for Medicare& MedicaidServices (CMS), amongother responsibilities,
establishes payment policies for certainmedications paid under the Medicareand Medicaidprograms. In
addition, CMS contracts with private companies to provide prescriptiondrug benefits to beneficiariesunder
the MedicarePart D program. Medicare policiescan be consideredby private insurers and may be viewed
generally as a benchmark. Other agencies withinHHS and the United States Government are responsiblefor
providing medicalcare to members of the military, veterans, Tribal communities, incarceratedindividuals, and
others, and thereforehave a strong interest in a robust pharmaceuticalsupply chain that can deliver quality
medications.

There are at least three critical pillars of a robust supply chain for pharmaceuticals that can optimally support
the safety and security of the Nation’s drug supply: (1) the ability to manufacturehigh-quality products for the
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U.S.market; (2) diversificationof the drug supplychain, such as relyingon a geographicallydiverseset of
manufacturers;and (3) redundancyof the supplychain, suchas the existenceof multiplemanufacturersfor
eachproduct andits precursors. A nimblestructure that is flexibleenoughto changevolumes andproducts
inresponseto supplyanddemand is also importantfor a robust supplychain.

AlthoughFDA is responsiblefor overseeingthe qualityof drugs andbiologicalproductsmarketedinthe
UnitedStates, it has limitedability to createincentivesto address economicfactors that may posebarriersto
manufacturers’investmentsinimprovingor modernizingqualityprocesses. Other federal agencies,such as
CMS, set reimbursementand purchasingcontracts that mayexert someinfluenceondiversificationand
redundancyinthe supplychain.

This report primarily focuses on the supply chainfor drugs, particularlysmall-moleculedrugs and therapeutic
biologicalproducts, includingactive pharmaceuticalingredients(APIs).1 The report doesnot focuson the
supply chains for vaccines,cell therapies,bloodproducts,andtheir APIs because,due to the natureof these
products,there are somedistinct features intheir supplychainthat are beyondthe scope of this report.
Theseproductsare regulatedby the FDA Centerfor BiologicsResearchandEvaluation(CBER).

Genericdrugs make up 90 percent of the smallmoleculesandtherapeuticbiologicdrugs that are prescribed
inthe UnitedStates. Theseare oftenthe drugs that are most critical across populations,safe andeffective
medicinesat affordableprices has ledto consolidations,causedfirms to shift manufacturingto low-cost,
largelyforeignsites, andledto a relianceon foreign suppliers,whichinturn has createdvulnerabilitiesinthe
supply chain. The supplychainfor these products is moredifficult to monitorgiven their largelyforeign
production.

Althoughthe focus of the report is on humandrugs andtherapeuticbiologicalproducts,manyof the same
concerns apply to veterinarymedicinesusedto treat service,companion,and food-producinganimals.

This report providesa review of the structureof the drug supplychainandthe threats to its security,
resilience,and continuity,includingthe increasedglobalizationthat has occurredinrecent decades. We
highlightsome of HHS’ andother Federalagencies’ activities to secure the supplychain, andsuggest further
actions neededto builda moreresilient supply chainthat is less vulnerableto disruptionsand resulting
shortages inorder to ensure allAmericanshave access to safe, effective,high-qualitymedicines.

Strategies to create a robust andresilientpharmaceuticalsupplychainincludediversificationof supply,both
domesticmanufacturinganddiversity in foreign resources,throughleveragingpartnershipswith the private
sector andinternationalpartners. Giventhe likelycontinuedcost differentialsbetweendomesticandforeign
products,innovationinmanufacturingis a key componentof the strategy to diversifymanufacturingand
increasedomesticsupply. This includesadvancedmanufacturing,a practiceusedin many industriesthat,
whenapplied to drugmanufacturing,leads to improvedqualityand moreefficient plantsthat are
economicallymore competitivewith traditionalfacilities,more environmentallysustainable,andable to
provideskilledjob opportunitiesfor Americans.

1 Active Pharmaceutical Ingredient (API): Any 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 structure or any function of the body. Active pharmaceutical

ingredient does not include intermediates used in the synthesis of the substance. 21CFR 207.1

Three pillars of a secure and robust drug supply chain are quality, diversification,and

redundancy.
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MAPPING OF THE SUPPLY CHAIN

From Raw Materials to Finished Dosage Forms

The drug manufacturing supply chain generally starts with suppliers of raw materials, 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 intermediates , high purity and free of harmful impurities . A
drug-product manufacturing facility then combines the APIs with various inactive ingredients ( actual

ingredients depend on final dosage form type, but can include water , lactose , and microcrystalline cellulose ),
then shapes and/ or fills into the finished dosage forms ( ) ( e.g., tablet or liquid). A single API, such as a
synthetically -made API , may be produced using dozens of different chemicals , while a single drug product
often has multiple ingredients , including 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 , ranging from several days 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 uses a just- in - to keep costs low. As a
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 API manufacturingsites, their selection and control over raw materials, and FDF
manufacturing, includingtheir selectionand controlover inactive ingredient and packagingmaterialquality.

However, FDAdoes not routinely inspect sites that manufactureraw materials for APIs and inactive
ingredients.

FDFDistributionChain

Once an FDFis manufactured, the path to the patientcan be similarlycomplex. Distributionfrom the
manufacturerto patientscaninvolvedirectdistributionto healthcare facilitiesor involveintermediariessuch

as wholesaledistributorsor third-partylogisticsproviders. Primaryand secondarywholesaledistributorsare
sometimesreferredto as authorizeddistributorsof record for manufacturers, as thesedistributorsare

thosewith whom a pharmaceuticalmanufacturerhas establishedan ongoingrelationshipto distributetheir
product(s) .5 Inthe U.S.market, thereare three majornationalwholesalers(AmerisourceBergen, Cardinal

2 APIIntermediate: A materialproducedduringsteps of theprocessingofan API that undergoesfurther molecular
changeorpurificationbeforeit becomesan API. API intermediatesmay ormay not be isolated. API intermediates
are only thoseproducedafterthepoint that a companyhas definedas the pointat which theproductionoftheAPI
begins. Q7 Good ManufacturingPracticeGuidance for Active PharmaceuticalIngredientsGuidancefor Industry.
Availableat https://www.fda.gov/regulatory-information/search-fda-guidance-documents/q7-good-manufacturing
practice-guidance-active-pharmaceutical- ingredients-guidance-industry. Accessed on 5/25/2021.
3 The just- in-time inventory system is a managementstrategy that aligns raw-material orders from suppliers directly
with productionschedules. Companiesemploy this inventory strategy to increaseefficiencyand decreasewaste by
receivinggoods only as they needthem, which reduces inventorycosts.
21 U.S.C. (d)(4) ; 21 C.F.R. .

Hemphill, T., U.S. PharmaceuticalGray Markets: Why Do They Persist— and What to DoaboutThem? Business
and SocietyReview 121: 4 529–547, 2016.
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Health, and McKesson , a few regional wholesalers, and thousands of secondary wholesalers . Contracting
practices, such as sole source contracts, can limit redundancy insupply. Inaddition , the market power of
group purchasing organizations (GPOs) allows them to assert more price pressure on generics.

Figure 2: Schematic of the FDF distribution chain showing both distribution of product and reimbursement
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Data: Adapted fromJanssenGlobalServices, LLC, 2018 JanssenGlobalTransparencyReport(Janssen, Mar.
2019), 21. Source: LaurenVela, ReducingWastefulSpendinginEmployers PharmacyBenefitPlans (Commonwealth

Fund, Aug. 2019). https://doi.org/10.26099/8tfg-zq89 . uced with permission.
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Where Are Our Drugs and Their Components Produced?

Over the past years, pharmaceutical manufacturing has become an increasingly 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 shifted toward lower -priced generic drugs, which make up 90 percent of all prescription
medications filled, 20 percent of all prescription drug spending and is estimated to have saved the U.S.
health care system 2.2 trillion dollars in the past decade 8 manufacturers came under increasing cost

pressure . This led manufacturers to relocate more of their facilities overseas , particularly to developing parts
of the world. Developing nations can provide significant cost savings to pharmaceutical companies because

of their lower labor, energy, and transportation costs . In addition , differences inenvironmental standards

may lead to less expensive overseas manufacturing of raw materials , fine chemicals, and API. Manufacturers

6 Countering the problem of falsified and substandard drugs. Washington , DC : The National Academies Press,
2013 .

Generic Drug & Biosimilars Access & Savings in the U.S. Report. Available at:
https://accessiblemeds.org/sites/default/files/2020-09/AAM-2020-Generics-Biosimilars-Access-Savings-Report-US
Web.pdf . Accessed on 4/8/2021.
8 Office of Generic Drugs 2020 Annual Report. Available at https://www.fda.gov/drugs/generic-drugs/office
generic -drugs -2020 -annual -report. Accessed 04/7/2021
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of older generic drugs face especiallyintenseprice competition, uncertainrevenuestreamsand, for certain
sterile products, high investmentrequirements, allofwhich limitpotentialreturns.

Therefore, it is not surprisingthat inMarch2021, 52 percentof allFDA -registeredFDFmanufacturing

facilities were outside the UnitedStates, and73 percentof all FDA-registeredAPI manufacturingfacilities
were outside the UnitedStates. Of all FDA- registeredgeneric drug manufacturingfacilities makingFDFs, 63
percentwereoutside the UnitedStates, and 87 percentof FDA-registeredmanufacturingfacilitiesmaking
APIs usedingenericproductswere locatedoutsidethe UnitedStates. (See Figures4-7.)

Theseoverall figures are limitedindemonstratingrisk becauseofthe lackof volume data. Inthe generic
market, 87 percentofAPIfacilities are outside the UnitedStates,but FDA does nothavedata on the volume
ofAPI that is producedoutsidethe UnitedStates,which couldbe lower or higher. Similarly, as detailed
below, China and India couldaccount for 42 percentof facilities, but the volume could be higher depending
on whethera companypreferentiallyrelies ona particularfacility.

Figure 3: Illustrative Supply Chain Map
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This figure demonstratesthe complexityofthe manufacturingsupply chain. Usingfacility informationalone
does not account for the volume that maybe manufacturedat a given facility. Forexample, one doesn't
knowwhether API B is producing90 percent and FDFE is producing10 percent.

It is importantto note that FDA only has data for API andFDF facilities anddoes not includedata from
facilities that producefine chemicals. This maynotcapture the true relianceon foreign countriessuch as
China, whichmay produce large quantitiesof fine chemicals for registeredfacilities, but the quantitiesare not
reportedthrough registrationrequirements. 10

The economicsavings frommovingproductionabroad can be substantialand may be necessaryto remain
competitive, particularlyin the generic marketwhere the only market differencebetweenproductsis price
since generics are routinelysubstitutedfor each other. A 2009 paperby the World Bank, “ ExploratoryStudy
on Active PharmaceuticalIngredientManufacturingfor EssentialMedicines,” stated that ifa typicalWestern

9 U.S.Foodand DrugAdministration, DrugShortages: Root Causes and PotentialSolutions(p . 21) , 2019, updated
2020. Availableat: https://www.fda.gov/media/131130/download. Accessedon 4/5/21.

Drug Shortages: RootCausesand PotentialSolutions, U.S. Foodand DrugAdministration, 2019, Updated2020.
Available at: https://www.fda.gov/media/131130/download. Accessed on 4/2/2021.
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API company has an average wage indexof 100, this index is as low as 8 for a Chinese company and 10for
an Indiancompany.11 2011 report, “ Pathway to GlobalProductSafety and Quality,” noted that both

China and India have a laborcost advantageand that APImanufacturinginIndia can reducecosts for U.S.
andEuropeancompaniesby anestimated percent.12

Figure 4 : Percentage of FDFManufacturing Facilities for All Drugs by Country or Region, March 2021
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For all FDA - regulated drugs , 52 percent of FDF manufacturing facilities are located outside of the United
States .

11 Bumpas, J and E Betsch,Exploratorystudy on activepharmaceuticalingredientmanufacturing for essential
medicines. Health, Nutritionand Population(HNP) discussionpaper. Washington, DC: World Bank. Available at:
https://documents.worldbank.org/en/publication/documents
reports/documentdetail/848191468149087035/exploratory -study-on -active-pharmaceutical-ingredient
manufacturing-for -essential-medicines. Accessed on 4/2/2021.
12 U.S. Foodand DrugAdministration, Pathway toGlobalProduct Safety and Quality, A SpecialReport, p.20.
Accessed on 4/2/2021.
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Figure 5 : Percentage of APIManufacturing Facilities for All Drugs by Country or Region , March 2021
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For all FDA- regulated drugs, 73 percent of manufacturing facilities producing APIs are located outside the
United States .

Figure 6 PercentageofFDF ManufacturingFacilitiesforGeneric Drugs(Approved underAbbreviated New

DrugApplications (ANDAs) byCountry orRegion, March 2021
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Forgenericdrugs (approvedunderANDAs), 63 percentofFDFmanufacturingfacilitiesare locatedoutside
the UnitedStates.
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Figure 7: Percentage of APIManufacturing Facilities for Generic Drugs (Approved Under ANDAs) by

Countryor Region, March 2021
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For generic drugs ( approved under ANDAs ) , 87 percent of manufacturing facilities producing APIs are
located outside the United States .

RISKASSESSMENT

As stated earlier, the three pillars on which supply chain resilience rests are quality , diversification , and

redundancy . Given generally higher profit margins , there are economic incentives for brand-name drug
manufacturers to continue ensuring a robust supply of brand-name drugs . According to comments from

PhRMA in response to Docket No. BIS-202-0034,13 manufacturers of brand-name 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 brand -name drugs are likely at less risk. However , brand-name drug supply
chains may still be complex , involving various suppliers and contractors and employing just -in -time

manufacturing, and therefore are still vulnerable to disruption .

Drug Shortages are the CulminationofSupply 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 prevent and mitigate them. The Federal Food ,
Drug, and Cosmetic Act (FD& C Act) defines drug shortage to mean “ a period of time when the demand or

projected demand for the drug within the United States exceeds the supply of the drug Although the
overall number of new shortages per year is relatively low compared to the number of medications on the
market (Figure 8 ), the consequences can be significant.

13 NoticeofRequestfor PublicCommentson Conditionofthe PublicHealthIndustrialBase and Recommend

Policiesand Actionsto Strengthenthe PublicHealthIndustrialBase to EnsureEssentialMedicines, Medical

Countermeasures, andCriticalInputsAreMadeinthe UnitedStates, DocketNo.BIS-2020-0034

14 CDERManualofPoliciesand ProceduresonDrugShortageManagement4190.1Rev2 .
http://www.fda.gov/downloads/aboutfda/centersoffices/officeofmedicalproductsandtobacco/cder/manualofpolicies

procedures/ ucm079936.pdf. Accessedon5/9/2021
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Figure8: TotalNew Drug Shortages per Year – CDER and CBER15
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Information from health care providers , patients, and research studies suggests that the clinical and financial
effects of shortages are substantial. Shortages can worsen patients' health outcomes by causing delays in
treatment or undesirable changes in treatment regimens. A 2012 Associated Press article reported 15 deaths
attributed to drug shortages over 15 months.16 2007, it was estimated that hospitals spent $286 million
managing shortages.17 Comprehensive data about the effects of shortages are lacking, and FDA believes that
some recent attempts 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, and that drug shortages have been
lasting longer, in some cases more than 8 years . FDA analyzed 163 drugs that went into shortage in the 5
year period between 2013 and 2017. Of the 163 drugs in the sample , 63 percent 103) were drugs
administered by injection (“ sterile injectables ”) and 67 percent (109) were drugs that have a generic ver
on the market. They were also older drugs, with a median time since first approval of almost 35 years . After
many years off patent , the sterile injectables were typically sold at relatively 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 drugs.18

Medications used in acute care, a setting which delays 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 there is a substitution of a drug or even

the same drug but in a different concentration.19 One analysis looked at 1,929 national drug shortages from
2001 through The most common classes of drugs on shortage were drugs to reduce pain and fever

15

16

17

18

CBERis the CenterwithinFDAthat regulatesbiologicalproductsfor humanuse underapplicablefederallaws,
includingthe PublicHealthServiceAct andthe FD& C Act.

https://www.inquirer.com/philly/business/20110924_Drug_shortage_stirs_fears.html. Accessedon 5/2/2021.
Mazer -Amirshahi, M et al. , 2014. Critical drug shortages: implications for emergency medicine, Academic

Emergency Medicine, 2014;21 :704–711. Available at: https://pubmed.ncbi.nlm.nih.gov/25039558/ . Accessed on
4/2/2021

DrugShortages: RootCausesandPotentialSolutions, U.S.FoodandDrugAdministration, 2019, Updated2020.
Availableat: https://www.fda.gov/media/131130/download. Accessedon 4/2/2021.

Mazer- Amirshahi, M et al. , 2014. Criticaldrugshortages: implicationsfor emergencymedicine, Academic
EmergencyMedicine, 2014 ;21:704–711. Availableat: https://pubmed.ncbi.nlm.nih.gov/25039558/Accessedon
4/2/2021.

20 This sourcedidnot use definitionofdrug shortage but insteadlooked at the ASHPFoundationdrug
shortagedatabase, focusingon critical shortageshttps://www.ashp.org/shortages?loginreturnUrl=SSOCheckOnly.
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(17 percent), anti-infectives 14percent), cardiovasculardrugs (8 percent), andelectrolyte, caloric, andwater
balanceproducts(7 percent). This studyfound that 52 percentofthese shortages( total numberof shortages:

1,006) involvedacutecaredrugs used in emergencydepartments( i.e., for managementor diagnosisof acute
conditions.) This same analysisalso foundthat 70 percentofthe drugproductsaffectedby shortagesinthat

same time periodwere deliveredby injection. Theclassesof emergencydepartmentdrugs oftensubject to
shortagesincludedanticonvulsants, analgesics, anestheticsand sedatives, and cardiovasculardrugs.21

Shortages can create challenges for federal agencies22 involved in the procurement of pharmaceuticals for

patient care . Drug shortages can lead 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 longer meet demand . 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 COVID -19 cases in New York City in spring 2020 , purchasing critical
medications from one of the primary wholesalers was done by health care institutions competing against each
other for such medication on a daily basis .

LocationofFacilitiesDoesNotProvideSufficientData to DrawConclusionson Risksto Supply

Chain

FDA published a List of Essential Medicines, Medical Countermeasures, and Critical Inputs in October 2020
in response to the August 6 , 2020 Executive Order ( . 13944 on “ Ensuring Essential Medicines, Medical
Countermeasures , and Critical Inputs Are Made in the United States . The Essential Medicines List

focuses on those medications needed most by patients in U.S. acute care medical facilities specializing in
short- term treatment for severe injuries or illnesses, or those with urgent medical conditions. The Essential

Medicines List also includes FDA -regulated 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 future pandemics , 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 supply and can be used 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 the COVID - 19 pandemic.

The supply 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

Essential Medicines List (most small molecules and biological products , including 2 vaccines),

found that domestic API facilities are available for only 60 drugs. Inaddition , for 50 of the drugs, 70 percent
of their API facilities are located in Asia.23

21 Chen, SI et al . , 2016.DespiteFederalLegislation, ShortagesofDrugsUsed inAcuteCare SettingsRemain

PersistentandProlonged, HealthAffairs, 35(5) :798–804. Availableat:
https://www.healthaffairs.org/doi/10.1377/hlthaff.2015.1157. Accessedon 4/2/2021.
22 Conversationwith FDAstaffduringpreparationofthis report.
23 NewportSourcingAPIManufacturingLocations, ClarivateAnalytics2020.
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Figure 9: Percentage of APIManufacturing Facilities by Geography24

Of 120 critical medicines , roughly only half have domestic API manufacturing
sites (relative volume domestic vs. foreign being researched )

% of API manufacturing facilities by geography USA China India OtherAsia Europe Rest ofworld

100 %

For these critical
Medicines

not have any domestic API facilities
% do not have API facilities in US Canada or Europe

can only be sourced from one continent

Source: NewportSourcingAPIManufacturingLocations, ClarivateAnalytics2021

Preliminary analysis : Of the 118 essential medicines, roughly only half have domestic API manufacturing
sites.

24 Newport Sourcing API Manufacturing Locations , Clarivate Analytics 2020 .
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Figure 10: Analysisof SelectEssentialMedicinesbyGeography and ShortageStatus

Selected Essential Medications: Mfg site location and FDA shortage reporting
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Furtheranalysisof selectedEssentialMedicineswith less than 40 percentofAPI facilitiesin the United
States.

Per the figures above, a number ofmedications on the FDA EssentialMedicine list have been in shortage.

At the time EssentialMedicines List was published 25 percent of CDER- regulated drug products

( excluding the medicalcountermeasures, vaccines, bloodproducts, antivenoms and antitoxins) that were on

the List were in shortage. This analysis was repeated on April 30, 2021, about 6 months after the publication

of the EssentialMedicinesList. At that time, 32 unique CDER -regulateddrugs on the EssentialMedicines

List were in shortage, including many of the drugs that were inshortage in October 2020. Of these 32 drugs,
94 percent were sterile injectables. An additional 13 non - List drugs (92 percent sterile injectables) were
from the same classes ofdrugs on the EssentialMedicines List were also in shortage. Therefore, at 45
drugs that are used in acute care settings were in shortage. Of these 45 drugs, the most frequent classes were
the following: cardiovascular (18 percent), fluids, electrolytes, and nutrition (18 percent), anti-infectives 16
percent), sedatives 11percent), pain control (including opioids) (13 percent), gastrointestinal (9 percent), and
neuromuscular blocking agents (4 percent).

While the graphs above show drugs where API facilities are highly concentrated outside the UnitedStates and
include drugs that were in shortage as ofMarch 2021 Figures 11 and 12 display just the locationof the API
and FDF facilities registered with FDA for the 32 products from the EssentialMedicines List that were in
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shortage as of March 2021. Although manufacturers list more than one API 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 Figure 3. Without knowing the volume of production of each facility in real-time, it 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 risk for shortage ( 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 shortage were added into
the cohort, the patterns of facility locations did not change overall.

Figure 11: Percentage ofAPI Facilities for Various Therapeutic Classes byGeographicLocation
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Figure 12: Percentage of FDF Facilities for Various Therapeutic Classes by Geographic Location
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Sterile Injectables 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 the medications in shortage from the Essential Medicines List are also sterile injectables.
An example ofwhat can happen in the sterile injectable market is demonstrated by a previous shortage of

propofol, a critical drug used for sedation in intensive care units for patients with COVID- 19 and which has
been in shortage during COVID- 19, leading FDA to use its emergency use authorization authority to

authorize imports ofpropofol not approved for marketing in the United States . In 2009, FDA investigated a
facility in follow up to a recall by a manufacturer and confirmed the manufacturer's finding that the product
had high levels 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 shortage occurred.25 Therefore, even with three

manufacturers, an unexpected disruption in manufacturing can quickly lead to a shortage .

In2011, when drugshortages peaked, 56 percent of the shortages for sterile injectableswere due to quality
related failures ofmanufacturingthe FDF26 single qualityproblemat a single facility can contributeto a
nationalshortage. In the caseofnorepinephrine, two manufacturerstemporarilyhaltedor experienceddelays
in productionin 2010 and2011.27 Shortage followedand ledto patientswith septicshock beingtreatedwith
alternativedrugs. Whenpatients with septic shock were admittedto hospitalsexperiencingthe shortage, they
were more likely to die thanat hospitalsnot experiencingthe shortage.28 Inaddition,product
discontinuationsaccountedfor another9 percent ofsterile injectableshortages. Some of the decisions to
discontinuemanufacturingmaybe related to low reimbursementfor older sterile injectables, as notedin
FDA’sanalyses ofsterile injectablesthat went intoshortage. When a company reaches manufacturing
capacity, it may lookat less profitablelines to discontinueto increaseproductionofmoreprofitableproducts.

Sterile injectablesare susceptibleto shortagedue to manufacturingdisruptionsbecause the aseptic

manufacturingofsteriledrugs is not forgiving, and ifnotproperly attendedto, can lead to contamination. In
additionto bacteria, mold, and endotoxincontamination, FDAhas seen manufacturingdisruptionsdue to
shards of glass and metal in vials.29 The problemshave different etiologiesbut can be linkedto insufficient
maintenanceofproductionfacilities and equipment,as well as suboptimalquality controltestingand
oversight. FDA postulatesthat at the coreofthese failuresis the inabilityofthe market to rewardquality;
instead, generics compete primarilyonprice. Of note, this is not necessarilyan issue of foreign
manufacturingbecause muchofthe sterile injectablemanufacturingis locatedinthe UnitedStates due to the
high cost of transportingliquidsthat oftenrequire climate control.

Another factor that can turna single productionlinedisruptioninto drugshortage is concentrationofmarket
share. An analysis of 2008 nationalsales data from IntercontinentalMedicalStatisticsHealthindicatedthat at
that time, seven firms producednearly all sterile injectablesas measuredin standardunits. Usingthese data
to drill downinto classes ofdrug, one can look at marketconcentration.

25 Woodcock , Wosinska, Economic and Technological Drivers of Generic Sterile Injectable Drug Shortages, Nature
Publishing, 93(2) : Feb 2013 .
26 .

28

Donohue, JM et al . , NationalShortagesof Generic Sterile InjectableDrugs, Norepinephrineas a Case Studyof
PotentialHarm. JAMA_2017; 317( 14) : 1415-1417. doi: 10.1001/ jama.2017.2826. Accessedon4/2/2021.

DrugShortages: RootCausesandPotentialSolutions, U.S.FoodandDrugAdministration, 2019 Updated2020.
Availableat: https://www.fda.gov/media/131130/download. Accessedon 4/2/2021.

29 Woodcock, Wosinska, EconomicandTechnologicalDriversofGenericSterileInjectableDrugShortages, Nature
Publishing, 93(2 ) : Feb2013.
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Figure 13: GraphicalRepresentationofConcentrationin Sterile InjectableMarketin 2008 Based on

IntercontinentalMedicalStatistics HealthNationalSales Perspective30
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Concentration of market share is due to the need for highly specialized facilities with well-defined
manufacturing 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 sterile injectable 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 (non-generic) sterile injectable applications were approved with back-up
facilities. Approximately 6 percent of the ANDAs in this cohort subsequently submitted additional
production

Insum a number of factors in the sterile injectable market can lead to quality- related productiondisruptions
and shortages of these critical drugs.

30 Ibid.
31 Ibid.
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Figure 14 : Economic Drivers ofManufacturing Quality Problems
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In2018, in responseto a request from Congress, FDA convenedan inter agencyDrugShortagesTask Force
to overseethe analysisofdrug shortagedata anddeveloprecommendationsbased on insightsgleaned from

public and private stakeholdersas well as FDA data analysis and publishedresearch. The resultingreport,
DrugShortages: Root Causes andPotentialSolutions, publishedin 2019 and updatedin2020, identifiedthree
root causes for drug shortages:

Manufacturers lack incentives to produce drugs that are less profitable;

The market does not recognize and reward manufacturers for “ mature quality management systems” that
focus on continuous improvement and early detection ofsupply chain issues; and
Logisticaland regulatory challenges make it difficult for the market to recover from disruption.

Drugshortagesalso persist becausethey do notappear to resolveaccordingto the textbook” patternof

marketresponse. Inthis more typicalpattern, prices rise after a supplydisruptionand providean incentive
for existingand newsuppliersto increaseproductionuntil there is enoughsupply of a productto meet

demand. Inthis respect, the market for prescriptiondrugs andespeciallygeneric drugsdiffers fromother
marketsdue to the highinvestmentcoststo enter the market ( includingthe need for regulatoryapprovals) ,

andprice pressures that may create uncertaintyabout gettinganadequatereturnoninvestment. For example,
accordingto FDA’sanalysisof 163 drugs that went into shortage:32

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 months).

32 Formostofthe drugs, FDAcan evaluatethe marketreaction. However, for a small numberofdrugswe were
unableto evaluate the marketreactiondue to limitationsofthe availabledata.

33 These results are qualitativelysimilarusingalternativeprice increasethresholds rangingbetween25 and50

percent increases, andan alternativetime horizonof3 months. For example, usinga 3 -monthtime horizonstill
yields 18 percent ofdrugs. Likewise, a 25 percentprice increase over 6 monthsyields25 percentofdrugs.
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Only 42 percent had significantproductionincreases (either new suppliers enteringthe market or existing
suppliers increasingproduction during the shortage to restore at least 50 percentof the unavailable
quantity).

Only 30 percent had the quantity of the drug sold restored to at least 100 percent of its amount prior to
the shortage (after 12 months ofbeing shortage, or at the end of the shortage ifit hadalready resolved
within 12 months).

What Happened to Domestic Manufacturing?

Cost Pressures Drive Manufacturing

Cost pressures are likely one of the primary drivers of moving manufacturing overseas and likely
disproportionately affect the generic drug market .

Incontrast to the brand market, economic pressures on the generic market lead to greater 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 average 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 ; with four competitors, they are 79 percent lower ;
and with six or more competitors , price reductions are greater than 95 percent compared to brand prices
This increased competition drives generic prices towards the cost of production and reduces profit margins
for the producer.

Inaddition 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 further pressures 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 suppliers and customers . 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 States.35 As a result, GPOs have been able to negotiate low
prices, especially for multi- source generics.36

Inpreparing its recent report on drug shortages, FDA hosted a public meeting, held listening sessions with
stakeholders , and established a docket to receive public comments.37 Through 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 price.38 FDA heard from stakeholders that some contracts currently include low- price clauses ” that
allow GPOs to unilaterally walk away from a contract ifa competing manufacturer is willing to supply the

37

34 Conrad, R andR Lutter, U.S. FoodandDrugAdministration. GenericCompetitionand DrugPrices: New
EvidenceLinkingGreaterGeneric CompetitionandLowerGeneric DrugPrices. December2019. Availableat:

https://www.fda.gov/media/133509/download. Accessedon 4/9/2021.

35 Bruhnet . al, 2018 Group PurchasingOrganizations, HealthCareCosts and Drug Shortages, JAMA:
https://www.ncbi.nlm.nih.gov/pubmed/30347037. Accessedon 4/2/2021.
36 U.S. FoodandDrugAdministration, DrugShortages: RootCauses andPotentialSolutions( p. 21), 2019, updated
2020. Availableat: https://www.fda.gov/media/131130/download. Accessedon 4/5/2021.

On November27, 2018 FDAhosted a publicmeeting, “ Identifyingthe RootCauses ofDrugShortagesand

FindingEnduringSolutions,” with the RobertJ. Margolis, MD, Centerfor HealthPolicy, to solicitstakeholders'

perspectiveson the forces drivingshortagesandpotentialinterventions. Inconnectionwith the public meeting,
FDAestablisheda docket to receivepubliccomments. In addition, FDAheld a series oflisteningsessionsin

SeptemberandOctober2018 withmembersof academia, medicalsocieties, pharmacists associations, patient
advocates, manufacturers, GPOs, anddrug distributors. FDAalso met individuallywith severalconcerned
stakeholdersrepresentinghospitals, physicians, intermediaries(GPOs), and the pharmaceuticalindustry.

38 U.S. FoodandDrugAdministration, Drug Shortages: RootCauses and PotentialSolutions( p . 41 2019, updated
2020. Availableat: https://www.fda.gov/media/131130/download. Accessedon 4/5/2021.
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same product or bundle of products for a lower price.39 Prevalent contracting practices such as these 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 usually has a choice of either meeting the challenge by lowering its price or losing market
share . As a result, generic drug manufacturers may face “ a race to the bottom ” , and in some cases , end up
selling the drug at or below its cost to manufacture.40 Such economic pressures likely limit resources to invest

in manufacturing or redundant capacity for these generic drugs.

Inaddition , GPO contracting practices may lead to limits in diversification of supply. GPOs may contract
with certain manufacturers that are willing to pay to become a sole supplier. GPOs may also further link
discounts to hospitals to sole supplier contractual arrangements.41 These two practices can lead to one or two

manufacturers serving an entire regional or national supply chain . A 2012 House Staff 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 injectable medication.42

This 2012 report concluded 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. In2010, 90 percent of generic injectable oncology drugs were produced by three or
fewer manufacturers.43

Trends in a study ofthe genericmarket from 2004 to 2016 show that median number of generic

manufacturersper moleculeactive ingredient/ route of administrationis typically two or smaller which

suggests that matureU.S. genericdrug markets shouldbe consideredin steady state and typically to involve

only a small numberof generic competitors. This same study found significantturnover in the market, and

since 2011, moregeneric manufacturersexitingthe market than entering over that period of time.44 a

single facility has a productionissue and needs to shut down manufacturing, the supply chain can be put at
risk

Whencompetitionis generally based on price alone, and there are other market forces keepingprices low,

manufacturerswill generallyminimizeproductioncosts. This places economicpressure on manufacturers
ability to makelarge investmentsto modernizequality systems, such as refurbishingor rebuildingaging
facilities. However, FDA does not have data showingwhether this pressureto reduce productioncost has
affected the quality ofmarketeddrugs. A study of 252 drugproducts (35 brand-nameand217 generic) met
all U.S. marketstandards for productionand use, indicatingno meaningfuldifferenceinquality between
genericproductsand their branded counterparts.45 However, a lack of sufficientinvestmentinmodern

quality managementsystemsmay rendersuch drugs more susceptible to manufacturingdisruptions that pull
drugs off the marketand leadto supply issues.

Low Geographic Diversity

Lack of geographicdiversity, includingwhen productionis concentratedina single geographic area due to tax
or economic incentives, can also leave even a domestic supply chain vulnerable to naturalor other disasters.
In2017, HurricanesMariaand Irmaaffected drugmanufacturingfacilities inPuertoRico. At the time, it was

39 ,page 8.
40 Ibid, page 22
41 Bruhn et . al, 2018 , Group PurchasingOrganizations, Health Care Costs and Drug Shortages, JAMA:
https://www.ncbi.nlm.nih.gov/pubmed/30347037. Accessed on 4/2/2021.
42 FDA’s Contribution to the Drug Shortage Crisis, StaffReport U.S. House of Representatives 112th Congress
Committee on Oversight and Government Reform , June 15, 2012 https://republicans-oversight house.gov/wp
content/ uploads/ 2012/ 06 /6-15-2012-Report-FDAs -Contribution-to -the-Drug- Shortage- Crisis.pdf. Accessed on
4/2/2021.
43 Ibid.
44

Specifically, the authorsfound that genericentry rates increasefrom2006until 2013, and then decrease, while
generic exit rates generallyincreaseuntil2011, andare flat thereafter. Berndtet al, 2017.

45 Fisher, AC, A Viehmann, et al. , QualityTestingofDifficult-to -MakePrescriptionPharmaceuticalProducts

Marketedin the US 2020JAMA doi: 10.1001/ jamanetworkopen.2020.13920.
227



estimatedthat 10percentofdrugs consumedby Americans, includinga numberoftop -sellingpatented
drugs, were manufacturedon the island. Inadditionto the tragic deaths and other devastationto the

populationofPuertoRicocausedby HurricaneMaria, several shortages worseneddue to the hurricane
impact, includingthe shortageof intravenous fluids, expandingthe impactbeyondPuertoRico alone.46

In2016, an explosionat a factory of the ChineseQilu Pharmaceuticalresultedin suspensionofoperations.

The factorywas the sole global manufacturerofseveralAPIs for piperacillin- tazobactam(Zosyn), a critical

antibioticusedinhospitalsand for whichthere was alreadya shortage.47 This disruptionexacerbatedthe
shortage, andper one source, led to substitutionof otherantibioticsthat were broader spectrum. Perone

study, the shift to other antibiotics, some ofwhichwere consideredhigher risk, also led to increasesin
Clostridiumdifficile infections, a serious and sometimesdeadly infection.48

Single Source Supplier and Limited Redundancy

Due to consolidation in overall production of APIs and FDFs outside of the United States, the supply chain

is vulnerable to changes ingeopolitics, naturaldisasters, or other disruptions (e.g., due to climate change that
could occur in one country but reverberate throughout the supply chain.

Inaddition, a limitednumberof manufacturersper drugalso leadsto risks. As notedabove, the median

numberof drugmanufacturersper a uniquedrug/ dosage betweentwo and three, indicatinghighly

concentratedmarkets.50 Furthermore, the share of drug-productmarketsinbothoralandnon-orally
formulatedcategoriessuppliedby two or fewermanufacturersgrew over this time periodbut is more

pronouncedamongnon-orally formulateddrugs.51Compoundingthis, the U.S.genericdrugindustryis

populatedby numerousrelativelysmall firms, eachmanufacturinga limitednumberofdrugsgenerating
modestannualrevenues, lead to more cost pressures. This is not representative of the entire

industry as the report noted, there are a small number ofgeneric products and firms that hold many more
ANDAs and have greater revenues.52 However, as previously noted, manufacturers of older generic drugs
face intense price competition, uncertain revenue streams, and, for certain sterile products, high investment
requirements, all of which limit potential returns and lead to industry consolidation.53

whichmay

46 U.S. DepartmentofHomelandSecurity, The Public- Private Analytic ExchangeProgramResearchFindings,
Threats to PharmaceuticalSupply Chains, 2018. (AEP) . Available at:
https://www.dhs.gov/sites/default/files/publications/2018_AEP_Threats_to_Pharmaceutical_SupplyChains.pdf.
Accessed on 4/2/2021.

Oehler, R., S. Gomp, Viewpoint: Shortcomings in the US Pharmaceutical Supply Chain PotentialRisks
Associated InternationalManufacturingand Trade -RelatedTariffs 2020 JAMA doi:10.1001/ jama.2020.1634.

47

48 Ibid.
49 The authorsgroupedproductmarketby moleculeactive ingredientand a uniquerouteofadministration,
aggregatingover differencedosages and strengths. Conti, RM and E Berndt, 2019, FourFactsConcerning

Competitionin U.S.Generic PrescriptionDrugMarkets, The NationalBureauofEconomicResearch, NBER

WorkingPaperNo. 26194.https://www.nber.org/papers/w26194
50 FDA's2019 Reporton DrugShortages: Root CausesandPotentialSolutions, citing Conti, RMand E Berndt,

2019, FourFacts ConcerningCompetitionin U.S.Generic PrescriptionDrugMarkets, The NationalBureauof

EconomicResearch, NBERWorkingPaperNo. 26194.https://www.nber.org/papers/w26194. Accessedon
4/9/2021.

51 Berndt, E, et al . , The LandscapeofU.S.PrescriptionDrugMarkets, NBERWorkingPaperNo. .

Availableat: https://www.nber.org/system/files/working_papers/w23640/w23640.pdf. Accessedon 4/2/2021.
52 MostANDA sponsorshold small portfoliosofANDAs with the mediannumberbeing one. However, a small
numberofANDAsponsorseachholdshundreds not thousandsofANDAs. Conti, RMand E Berndt, Four Facts

ConcerningCompetitionin U.S.Generic PrescriptionDrugMarkets, NBERWorkingPaperNo. Available
at: https://www.nber.org/papers/w26194. Accessedon 4/2/2021.

53 U.S.FoodandDrugAdministration, DrugShortages: RootCausesandPotentialSolutions( p. 21), 2019, updated
2020. Availableat: https://www.fda.gov/media/131130/download. Accessedon 4/5/21.

228



Limited Resilience

Obstaclesto ExpandingProduction

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 . Ifa manufacturer 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 conditions, and the manufacturer 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.

Ifa new facility or a significant 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 , which requires proving 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 and in the timeframe needed to address the demand .

COVID -19 ExacerbatedVulnerabilitiesin the DrugSupplyChain

The COVID -19publichealthemergencylaidbarenew andlong-standingdrugsupply chainvulnerabilities.
As the pandemicunfolded, the UnitedStates faced an urgent need for manygeneric medicationsused
routinelyinhospitals, includingfor the most criticallyill patients. The raw materialsand APIs for many of
those medicationsare predominantlymanufacturedoverseas. Complexglobal supply chainslackedthe agility

to respondquickly to increaseddemand. Foreignexport restrictionson finisheddrugs and APIs mayhave

contributedto stress on the supply of some criticalCOVID -19 treatmentdrugs ( includinganti- infective
products) , as wellas hormonemedicationsand 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 inMarch 2020, HHS (including the Assistant Secretary for Preparedness and Response(ASPR)
and FDA) worked with the Federal Emergency ManagementAgency (FEMA), the DepartmentofCommerce
(Commerce), the Department ofJustice (DOJ) DrugEnforcementAgency, and the DepartmentofDefense
(DOD to identify key starting materials (KSMs) made within the United States, includingthe starting
material for API productionand FDFs to the point of origin. Together, these departments used this
information to identify , and FDFdrugs that the United States does not produce at scale
domestically, and developeda sourcingstrategy to mitigate foreign supply chain dependencies.

The COVID - 19 pandemicalso highlightedother challenges in monitoringdrug supply as it greatly increased
regionalvariation in the availabilityof critical medicines for treatment of COVID-19 and its medicalsequelae.
To respondto this critical need, FDA developed the COVID-19 DrugMonitoringPortal, which requests
informationon a voluntary basis from hospitals on the frontlines ofCOVID- 19, even when those drugs are
not innationwide shortage. Manyof the drugs specifically targeted are drugs included on the FDA Essential
Medicines List generatedinresponse to E.O. Indeed, this outreach also informed assessment
of the medications that are essential to have on hand in the case ofa public healthemergency.

Another risk to the supply chain is products that do not meet quality standards. Even when FDA identifies
the original source ofa problem, it can be difficult to remove products from the market in order to protect
patients. For example, during the COVID-19 pandemic, hand sanitizer products contaminatedwith
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methanolledto the death of over 20 people in the UnitedStates. FDAquicklyengagedmanufacturersand
askedthemto recall contaminatedproducts. While some manufacturersvoluntarilyrecalledtheseproducts

immediately, others didso after a delayor chosenot to recallthe products, and FDAhad no authority to
mandatea recallinsuchinstances. Some manufacturersmay have economicincentivesto keep their product

on the marketifpossible, evenifthat riskspatientor consumerharm. As a result, the productscontaining
dangerousingredientswere on the marketfor a longer periodof time, increasingpatients' exposureto
significanthealthrisks.

Dependence on Foreign Nations and Anti-Competitive 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 by interrupting the United States access to
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. pharmaceutical supply chain is dependent on China's continued supply of API . Based on U.S. trade
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 to FDFs, the United States imported $ 7.9 billion
in FDFs from India and $ 1.4 billion from China, the 5th and 16th 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 percent).54 An 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 drugs and biologics were human FDFs, and 7.5 percent were APIs; 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 as India. 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 No. BIS - 202-0034,55,56 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 from China , 58 Therefore , the
percentage of 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 countries.59 Dependence on overseas suppliers leaves the
United States vulnerable to supply interruptions and shortages 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, chemotherapy for cancer treatment for children and adults, and medicines
for Alzheimer's , HIV/ AIDS, diabetes , Parkinson's , and epilepsy, to name a few . One often -cited example is

54

57

Exploringthe GrowingU.S. Relianceon China'sBiotechand PharmaceuticalProducts, TestimonyofMark
Abdoo, AssociateCommissionerfor Global Policyand Strategy - Food and DrugAdministration, July 31, 2019.
Availableat: https://www.fda.gov/news-events/congressional-testimony/exploring-growing-us-reliance-chinas
biotech-and-pharmaceutical-products-07312019. Accessed on 4/2/2021.
55 85 Fed. Ref. 77428(December23, 2020) .
56 Notice ofRequestfor Public Commentson Conditionofthe Public HealthIndustrialBase and Recommend
Policiesand Actionsto Strengthenthe PublicHealthIndustrialBase to EnsureEssentialMedicines, Medical
Countermeasures, andCriticalInputsAre Made in the UnitedStates, DocketNo. BIS-2020-0034.

Indian government moves on APIs, as Chinese supplies are returning” . The Pharma Letter, April 1 2020 .
Available at: https://www.thepharmaletter.com/article/indian-government-moves-on-apis-as-chinese-supplies-are
returning. Accessed 5/9/2021 .
58 Brunsden , J. and M Peel, 2020. - 19 exposes EU's reliance on drug imports Financial Times, 20 April .
Available at https://www.ft.com/content/c30eb13a-f49e-4d42-b2a8-1c6f70bb4d55 . Accessed 5/9/2021.

Exploring the Growing U.S. Reliance on China's Biotech and Pharmaceutical Products, Testimony of Mark
Abdoo, Associate Commissioner for Global Policy and Strategy - Food and Drug Administration, July 31, 2019 .
Available at: https://www.fda.gov/news-events/congressional-testimony/exploring-growing-us-reliance-chinas
biotech-and-pharmaceutical-products-07312019 . Accessed on 4/2/2021.

230

59



penicillinG, usedfor most forms of syphilis and rheumatic fever. A survey of 114countries and territories in

2014–2016 foundthat 39 had shortages of penicillinG.60 It was notedthat this sterile injectablewas

reimbursedat pennies per dose for manufacturers. The manufacturingof APIfor this product is

concentratedinChina, with three of the four companiesthat manufacturethe APIs inChina, and one in

Austria.61According to one report, India exitedthe market for penicillinG productionbecause it became

financially unviableto competewith China’s low price.62

Concentrationof APIinChina mayalso result fromstateactions to increasemarket share. Per testimony
beforethe U.S.-ChinaEconomicandSecurity ReviewCommission,penicillinhas not beenmadein the

UnitedStates since 2004,63 whichhas beenattributedto a broaderactivestrategy by Chinesecompaniesto
sellproducton the globalmarket at below-marketprice,whichdroveU.S.,European,andIndianproducers
out of the business. Oncethe Chinesecompaniesgaineddominantglobal market share, prices increased. As

a resultof this strategy,not only haveprices risen,but the UnitedStates doesnot havecurrent domestic
productioncapacityfor manygeneric antibioticsfor children’sear infections,strep throat, pneumonia,urinary
tract infections,sexually transmitteddiseases,Lyme disease,superbugs,andother infectionsthat are threats

to humanlife.64 For example,after the anthraxattacks onCapitolHillandelsewherein2001, it was reported
that the U.S. governmentneededto turn to a Europeancompanyto buymillionsof doses of the

recommendedtreatment for anthrax exposure,ciprofloxacin.65 That companyhadto buy the chemical
startingmaterialfromChina.66

This consolidationof productionto low-costcountries is alsodrivenby increasingpressureto acquire

productsat the lowest cost possible,whichfor drugs like antibioticshas ledto companiesfocusing
productiononproductsthat havehigher profit potential. Forexample,whileon-patentantibiotics
collectivelygenerate$4.7 billioninglobalsales annually,a singlecancer medicinecan generate twice that

revenueannually.67 Whenprofit marginsare lower on patentedproducts,there are fewer incentivesfor
multiplegenericcompaniesto enter the market. Additionally,shortagesof products likeantibioticscan have
effects beyondpatient access; doctorsmay use inferiorproducts that are not as effective,leadingto longer

hospitalstays, greater burdenson the health care system,andinthe case of antibiotics,potentiallyadditions
to growingantimicrobialresistanceglobally.68

60 Nurse-Findlay,S. et al.Shortagesof benzathinepenicillinfor preventionof mother-to-childtransmissionof

syphilis:An evaluationfrommulti-countrysurveys and stakeholder interviews.PLOSMed.14,e1002473(2017).
61 Oehler,R,S Gomp,Viewpoint:Shortcomingsin the USPharmaceuticalSupplyChain PotentialRisksAssociated

WithInternationalManufacturingand Trade-RelatedTariffs2020JAMA doi:10.1001/jama.2020.1634.
62 GuimaraesK.Why is the world sufferingfroma penicillinshortage? PostedMay21,2017.Accessed November

1,2019.https://www.aljazeera.com/indepth/features/2017/05/world-suffering-penicillin-shortage-
170517075902840.html.
63 Hearingon “Exploringthe GrowingU.S.Relianceon China's Biotechand PharmaceuticalProducts”
Wednesday,July 31, 2019, RosemaryGibson testimony https://www.uscc.gov/hearings/exploring-growing-

us-reliance-chinas-biotech-and-pharmaceutical-products.Accessedon 4/5/2021.
64 Hearingon “Exploringthe GrowingU.S.Relianceon China's Biotechand PharmaceuticalProducts”

Wednesday,July 31, 2019, RosemaryGibsontestimony https://www.uscc.gov/hearings/exploring-growing-
us-reliance-chinas-biotech-and-pharmaceutical-products.Accessedon 4/5/2021.
65 https://www.washingtonpost.com/archive/politics/2001/10/20/drug-firm-plays-defense-in-anthrax-
scare/aa3b0b39-2cb3-4264-a360-aed1babbe8f8/.CNN,October 24,2001,

https://www.cnn.com/2001/HEALTH/conditions/10/24/anthrax/index.html.
66 Hearingon “Exploringthe GrowingU.S.Relianceon China's Biotechand PharmaceuticalProducts”

Wednesday,July 31, 2019, RosemaryGibson testimony https://www.uscc.gov/hearings/exploring-growing-
us-reliance-chinas-biotech-and-pharmaceutical-products.Accessedon 4/5/2021.
67 Shortages,Stockouts,and Scarcity.Available at: https://accesstomedicinefoundation.org/publications/shortages-
stockouts-and-scarcity-the-issues-facing-the-security-of-antibiotic-supply-and-the-role-for-pharmaceutical-

companies.Accessed on 4/9/21.
68 Ibid.
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Current Tools to Address Shortages

Once a shortage or supply disruption is identified, FDA has several tools to respond, including:

• Working with the manufacturer of a product on actions they are willing and able to take to avoid or
mitigate the shortage. This 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. (Examples 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.

• Working with the approved manufacturer on any changes in specifications or additional lines, sites, or
suppliers, and expediting review of these submissions as part of FDA’s process to mitigate shortages.

• Determining whether there are any pending ANDAs that could be expedited and considering whether
there are discontinued applications or applications not currently being marketed that firms could re-

launch or launch.

• For a product in distribution nearing expiry, working with the approved manufacturer on whether they
have data to extend expiry on specific lots and post the lot numbers and new dating in the database on
FDA’s website.

• Currently, when U.S. manufacturers are not able to resolve a shortage immediately and the shortage

involves a critical drug needed for U.S. patients, FDA may consider not objecting to an FDA-registered
firm’s temporary importation of a product that is not approved for distribution in the United States. In
these circumstances, FDA considers a range of criteria to evaluate the product’s safety and efficacy.

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 these circumstances to apply to add an approved source to the market.

• Ina public health emergency, issuing emergency use authorizations for therapeutics used to treat critically

ill patients when the supply of the approved alternatives is insufficient to fully meet the emergency need
(e.g., renal replacement solution and propofol.)

• 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.

FromMarch2020throughSeptember2020, FDA expeditedreview andapprovedmorethan 31original

ANDAs for drugs usedin the treatment of patientswithCOVID-19andmorethan534 ANDA supplements
under the COVID-19prioritizationprograms. FDA also exercisedregulatoryflexibility (e.g., temporary
packagingor labelingchanges, temporaryimportationof product intendedfor foreignmarket,product

manufacturedat analternatesite) morethan35 times to increaseavailabilityof criticallyneededmedications
that were inshort supply, includingheparin,albuterol,etomidate,midazolam,propofol,andothers. FDA
also expeditedassessmentsof manufacturingsupplementsto facilitate manufacturingcapacityfor COVID-19

therapeuticbiologics.

69 Congressional Research Service, COVID-19: China Medical Supply Chains and Broader Trade Issues, Updated

December 23, 2020. https://crsreports.congress.gov/product/pdf/R/R46304, Accessed on 5/25/21.
70 Ibid.

An estimated43.1percentof heparinand itssaltsimportedinto the UnitedStatescomefrom

China. An estimated75percentof all U.S.heparinAPI is producedoutsidethe UnitedStates.69

In2019,35.9 percentof antibioticsimportedintotheUnitedStatescamefromChina.70
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Surveillance Enhancements 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 decision-making and actions on planning,
acquisition, prioritization, 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 National Stockpile and FEMA, to monitor the availability and
supply of critical medical products—including select personal protective equipment, pharmaceuticals, new
COVID-19 therapeutics, point-of-care tests, and needles and syringes.

For pharmaceuticals, the SCCT program tracks commercial distribution of more than 40 existing drugs and
new therapeutics that are used in the treatment of patients with COVID-19. The distribution data
are voluntarily provided by four distributors who collectively represent approximately 90 percent of the U.S.
pharmaceutical distribution market. These distributors provide near-daily transaction-level information on
orders, shipments, and inventories that are ingested, standardized, and aggregated into datasets and
visualizations that reside on HHS Protect.71 Inaddition, 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, including ventilatory support; 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 database. It is unclear whether this voluntary
sharing of data will be available beyond the public health emergency.

Risks Most Likely to Impact the Supply Chain

Insum, multiple factors can cause vulnerability in the drug supply chain, including:

• The complexity,vastness, andmultinationalnatureof drug supply chains andcorresponding
overdependenceon foreign entities who may prioritizenational interests abovetrade in an emergency.

• Effect of economic pressures andother market influences.

• Reducedincentivefor existing manufacturersto invest in upgradingequipment,improvingsupply chains,

or expandingcapacity.

• Lack of redundantcapacity inmanufacturing.

• Just-in-timeinventorymanagementpracticesthat limit inventoryandreducethe ability to respondto
surges indemand.

• Geographicconcentrationof manufacturersthat puts productionat risk fromnaturaldisasters or climate
change that can quicklyaffect an entire region.

Inaddition,consolidationof genericdrug manufacturingis drivenby multiplefactors,including:

• Low volume and margins for many generic drugs, resulting in difficult economic conditions for new
entrants.

• Anticompetitive actions by certain countries to obtain market share.

• More manufacturers exiting the market than entering it.

GLOBAL FOOTPRINT

Several regulatorypartners have also initiatedreview of actions that can be taken to buildand strengthentheir
supply chain, opening potential opportunities to align and create synergy for a robust supply chain.

The European Commission(EC) recently issued a PharmaceuticalStrategy for Europe. In addition to being
describedas a plan to increaseaccess to affordablemedications, the Strategy is also characterized as
“complementary to the EuropeanGreenDealand moreparticular the Zero Pollutionambitionfor a toxic-

71 The HHSProtectecosystemis a secure platformfor authentication,amalgamation,and sharingof healthcare

information,so that the U.S.Governmentcan harnessthe fullpower of data for the COVID-19response.
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free environment, notably through the impact of pharmaceutical substances on the environment.” The
Strategy is comprehensive and includes investment in

development of new pharmaceuticals (including new antimicrobials), frameworks for evidence generation,
and use of digital technologies. With respect to supply chains, the Strategy states that:

Building up EU’s open strategic autonomy in the area of medicines requires actions to identify
strategic dependencies in health, and to propose measures to reduce 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 both preventative and mitigating measures to significantly reinforce the obligation of
continuous supplies.

Inaddition to committing to a study of the root causes of shortages, the Strategy notes a commitment to:

…enhanced cooperation between Member States, for example improved procurement approaches
and strategies, joint procurement for critical medicines and EU-level cooperation on tools and
instruments for national policy making on prices and reimbursement. For products with small
volumes or limited use, new business contracting and/or payment models will be crucial.

Finally, the Strategy outlines a series of structured dialogues.72 The EC will therefore initiate and steer a
structured dialogue with the pharmaceuticals 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 on data collection and 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 EU to ensure the security of supply and the availability of critical medicines, active
pharmaceutical ingredients and raw materials.

Inaddition to regulatory partners, pharmaceutical industries in other countries are taking actions related to
the supply chain. In Europe, Sanofi is creating what it has billed as the world’s second-largest API
manufacturer, EUROAPI, with sales expectations of over $1 billion by 2022.73 Although reportedly not
directly prompted by the COVID-19 pandemic, the move is nevertheless expected to play a role in easing
European drug makers’ dependence on supplies of raw materials from China and India.

The Canadian Generic Pharmaceutical Association set out its own detailed “blueprint” document in mid-
2020, calling for fresh investment in domestic 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 of
essential drugs.74

72 EuropeanCommission,Structureddialogue on security of medicines supply.Available at:
https://ec.europa.eu/health/human-use/strategy/dialogue_medicines-supply_en.Accessedon 4/15/20.
73 Sanofi API UnitExpects$1bn Sales By 2022.Generics Bulletin,28 Feb 2020.Available at:
https://generics.pharmaintelligence.informa.com/GB149658/Sanofi-API-Unit-Expects-$1bn-Sales-By-2022.

Accessedon 4/2/2021.See also SanofiPress Release,“SANOFIunveilsEUROAPIas the name of the new industry
leading EuropeanAPI company and appoints KarlRotthier as its future Chief Executive Officer”

https://www.sanofi.com/en/media-room/press-releases/2021/2021-01-12-14-30-00.Accessed on 4/2/2021.
74 CanadianBody Calls for Investmentin Domestic Production.Generics Bulletin,18 Jun 2020.Available at:

https://generics.pharmaintelligence.informa.com/GB150002/Canadian-Body-Calls-For-Investment-In-Domestic-
Production.Accessed on 4/2/2021.
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OPPORTUNITIES& CHALLENGES

As mentionedabove, the three pillars of a robust andresilient supplychain are quality, diversity,and
redundancy. For FDA to be able to optimallyexerciseinfluenceover the three pillars, FDA must havethe
appropriatetools to maintainoversight andawareness of the supplychain. The more insight FDA has into
the supply chain, the betterFDA is at identifyingvulnerabilitiesandbeing able to proactivelyprevent and
mitigatepotentialshortages,consistent withour statutory authorities.

Challengeswith Monitoringthe Supply Chain

AlthoughFDA has some insight intothe drug manufacturingsupply chain, certainlimitationsinhibit the
ability to identify vulnerabilitiesinthe supplychain. Undercurrent law, unless otherwiseexempt,all domestic
establishmentsthat manufacture,prepare,propagate,compound,or process (“manufacture”)drugs, and all
foreignestablishmentsthat manufacturedrugs that are importedor offered for import into the UnitedStates
are requiredto registertheir establishmentsand list the drugs they manufactureat those establishments.
Additionally,holders of approveddrug applications(i.e., thosewith an approvednew drug application,
biologics licenseapplication,or ANDA) are requiredto submit, intheir annualreport, informationabout the
quantityof the drugthat they distributedduringthe previous year. Althoughthis informationis usefulto
FDA,it does notprovidesufficient insight intothe supply chainto allow FDA to adequately monitorand
identifyvulnerabilities.

Forexample,many foreignAPI manufacturersthat ship their drugto anotherforeigncountryto be
incorporatedintoa finishedproduct that is ultimatelyimportedinto the UnitedStatesdo not registertheir
establishmentswith FDA. Additionally,the distributionvolume informationsubmittedby holders of
approveddrugapplicationsonly apply to products subject to an approvedapplication;this informationcould
be aggregatedacross all establishmentswhere the drugproduct was made, if it was manufacturedat multiple
establishments,leavingFDA without visibility intowhich facilities are actuallyusedto manufacturethe
finisheddrug product or APIs or the relativecontributionof eachfacility.

Forexample, if an applicationwere to identifytwo domesticand two foreign manufacturingestablishmentsat
whichthe drug product may be manufactured,FDA wouldnot typicallyknow which of these establishments
are actuallybeing usedto producethe drug product nor the quantity that is producedby the respective
establishments. It might be the case, for example, that 100 percent of the manufacturingtakes placeinone or
bothforeignestablishments,and that the domestic facilities were includedonly as backups. Similarly,if the
applicationlists multipleAPI suppliers, the applicant may sourcethe overwhelmingmajorityof APIs from
just one of those suppliers,or a portionfromeachsupplier. This can change over time dependingonvarious
business andsupplyconsiderations,and what appears to be a diversifiedandredundantsupply chaincan
actuallybe more vulnerable than it appears if the operationsof the dominant API or FDF manufacturerare
affectedby a quality issueor other event, suchas a natural disaster.

Recently,Congress took actionto fill someof these informationgaps. Specifically, in the spring of 2020,
Congress passedthe CoronavirusAid, Relief,and EconomicSecurity(CARES)Act, which amendedthe
FD&CAct to require drug manufacturersregisteredunderSection510 of the FD&CAct to
report annuallyto FDA the amount of each listeddrug they manufacturedfor commercialdistribution. This
additionalinformationwill improveFDA’s insight intothe supplychain; however,additionaldata could
further improveFDA’sability to monitorthe supplychain. Forexample, the data requiredto be submitted
do not enableFDA to determinewhich drug product manufacturersare relyingon a givenAPI supplier,or
how muchof a manufacturer’sAPI is being supplied by any givenAPI supplier. Therefore,if an application
holderhas listedmorethanone API supplier in its application,FDA wouldnot know whether the application
holderis relying on each supplierequally or is only relyingon a singlesupplier,making it difficult for FDA to
predict how a disruptioninone API supplier,or APIsuppliers fromone region,will affect the manufacturer’s
ability to produce the drug products that requirethat API.

Without this levelof transparency,FDA must still primarilyrely onnotificationsfrommanufacturersabout
permanentdiscontinuancesinthe manufacturingof certainproductsand interruptionsin manufacturingof
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suchproducts underSection506C of the FD&C Act. These reports are generally requiredto be providedat
least 6 months prior to the discontinuanceor interruption;however, this is not always possible.75 Although
these reports are helpful, they are not a substitute for morecomplete insight on the status of the supply chain.
Specifically,they do not require manufacturersto report increases indemandthat could affect the supply of
the drug.

Another factor affecting the ability to monitor the supply chain is that some foreign drug manufacturersfail
to register their facilities becausethey do not ship the drugs they manufacturedirectly to the UnitedStates.
This causes two important problems. First, becauseof the failure to register, FDA is not awareof these
facilitiesand cannot incorporatetheminto the risk-basedinspectionmodel, thus hinderingour ability to
proactivelymonitor their ability to complywith Current GoodManufacturingPractice(CGMP)regulations.
Second, the new volumereportingrequirementsthat were addedby the CARES Act are tied to establishment
registration;therefore, ifmanufacturersdo not register, they likely wouldnot submit the manufacturing
volume informationto FDA,limiting the FDA’s ability to identifyvulnerabilitiesand assess the potential
impact that couldresult from a disruptionat these facilities.

Other factors also limit FDA’s ability to appropriatelymonitorthe qualityof drugs entering the U.S. supply
chain. Forexample, APIs and finished drug products do not always includethe identityof the original
manufacturerin their labeling. This can posechallengeswhen investigatingdrug products with potential
quality problems and tryingto determinethe originalsource of the problem. This makes it difficult for FDA
to fully assess the extent of a quality issueand the impact the quality issue may haveon the supply chain.

Inadditionto manufacturingvolume data, FDA’s experience duringCOVID-19highlightsthe potential
utility of timely, accurate, andcompletedata relatedto demandthat can be seamlessly integratedto provide
early signals andallow for timely action. Specifically, during the COVID-19pandemic,we saw how sudden,
unexpectedchanges indemandcan trigger or exacerbatea shortage. FDA has already startedthe process to
bringits available data together and investigatehow to best utilizeadvancedanalytics andother tools to
identifypotentialshortagesignals so that proactiveregulatory actionscan be taken. However,the data
currently available to FDA are not sufficient to builda system that allows for optimal, timely predictionsor
action.

PromotingQuality

Most shortages havebeenrelated to manufacturingquality. The prescriptiondrug market, especiallyfor
genericdrugs but also for brand-namedrugs, often does not provide incentives for manufacturersto invest in
current manufacturingtechnologies and improvementsin quality management. Continual technical
improvementand updating is neededbecausefacilities age, routine operationsrequireupdatesto maintain a
state of control, technology evolves, supplierschange, and scientificexpectationsmay also change. A failure
to implement suchupdates and improvementscan lead to quality problems.

Historically,many pharmaceuticalmanufacturingfirms have focused their efforts on compliancewith CGMP,
which includestandards for productionmaterials,equipment and facilities, production,laboratory,packaging
and labeling,and quality control. These foundationalstandards,however, only set a minimumthresholdthat
companiesmust achieveinorder to be allowedto supply the U.S. marketplace. They do not includemore
advanced levels of quality management,which would aimto robustly detect vulnerabilitiesand address them
to prevent the occurrence of problems,as well as establisha culturethat rewards process and system
improvements. As companies move from focusing on compliancewithCGMP to institutionalizingcontinual
process andsystemimprovementefforts, they beginto advancein quality managementmaturity.

75 When providing at least 6 months advanced notice is not possible because the discontinuance or interruptionwas
not reasonably anticipated,manufacturers must report as soon as practicable thereafter, but in no case later than 5

business days after the discontinuance or interruption in manufacturing occurs. See section 506C(b) of the FD&C
Act; 21CFR 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, while the sudden shutdown of a facility or an identified
product defect could result in no lead time.
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Quality management maturity inthe pharmaceuticalindustry is important for strengthening the supply chain.
Some pharmaceutical firms have beenslow to implement robust, mature quality systems and the
accompanying quantitativemeasuresof quality that have been the foundationof success in other industries,
such as automotive and aerospace.76 These industries exercise quality oversight by vigilantly monitoring
ongoing process performance and product quality data, and promptlyadjustingoperations when needed.
Numerousorganizations and quality experts have worked to develop conceptual models and standards for
advancing the maturityof industrialquality management systems. These models could be usedmorebroadly
inthe pharmaceuticalindustry to improvesupply reliabilityand shift from doingonly what is necessary to
meet CGMP to proactively focusing on achieving quality management maturity.

The work to prevent or mitigate shortages due to disruptions in manufacturinghas highlightedthe
importanceof strengthening quality management systems inmanufacturing. Maturequality management
starts with a foundationalquality management system that not only conforms to CGMP but also builds in a
performanceand patient focus that utilizes technology, statisticalprocess control, and planning activities to
ensure a reliablesupply of the drugs manufactured at the facility.

PromotingDiversificationand Redundancy

To build diversificationand redundancyinto the supply chain for pharmaceuticals and APIs, and to support
nationaleconomicgrowth, a greater proportionof manufacturingof pharmaceuticals and APIs will needto
occur in countries other than those with the lowest labor costs and least robust environmentalframeworks
(such as China and India). Using traditionalpharmaceuticalmanufacturingtechnology, a domestic
manufacturergenerally couldnot offset the labor and other cost advantages of some foreign nations.
However, advancedmanufacturingtechnologies could enable UnitedStates-based pharmaceutical
manufacturingto bolster its competitiveness with those of foreign countries and potentiallyensure a stable
supply of drugs critical to the healthof U.S. patients, as well as increase good-payingAmerican jobs. Inspite
of the benefits provided, the cost of adoptionfor advancedmanufacturingprocesses remains a limitingfactor
for generic manufacturers that operate with much smaller profit margins, as opposedto the innovator market
where higher profit margins enable such investment.

Advanced manufacturingis a collective term for innovative manufacturingtechnologies that can improvequality.
Althoughwidely used inother industries such as automotive, aerospace, and semiconductors, pharmaceutical
companiesare just beginningto use advancedmanufacturing. Advanced manufacturingoffers many
advantages over traditionalpharmaceuticalmanufacturing,including that, once implemented, it can be used
far more cost-effectively than traditionalmanufacturing. Ifthe UnitedStates invests in this technology, it
could be used to reduce the Nation’sdependenceon foreign sources of APIs, increasethe resilienceof our
domestic manufacturingbase, and reducequality issues that trigger drug shortages and recalls. For API and
FDF manufacturing,new technologies include continuous manufacturing(CM), wherein the finished drug
product is producedas a continuous stream, as opposedto traditionalbatch manufacturing, where breaks or
stops exist between different processing steps. CM can improvepharmaceuticalmanufacturingby using an
integratedprocess with fewer steps and shorter processingtimes, requiringa smaller equipment footprint,
supporting an enhanceddevelopment approach (e.g., quality by design) and use of process analytical
technology and models, enablingreal-time product quality monitoring,and providing flexible operationto
allow scale-up, scale-down, and scale-out in order to accommodatechangingsupply demands.

Insum, advantages of advancedmanufacturing include:

• Productqualitycanbe precisely controlledwithmodernautomationandcontrol systems and canbe
closelymonitoredduringproductionby usinghigh-resolutionanalytics.

• Hightechnology,computer-controlledproductionfacilities are betterable to rapidlyrespondto changes

indemandbecausethey typically do not havethe equipmentscale-upissues associatedwith traditional
methodsandcan be capableof seamlesslyproducinga varietyof strengthsandevendosageforms.

76 Fuhr,Ted,et al.,2015,Flawless-fromMeasuringFailureto BuildingQualityRobustnessin Pharma,McKinsey&

Company.
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• Advanced manufacturing platforms have a much smaller footprint than traditional manufacturing

platforms, and the equipment can be made portable so that it can be moved 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.

• Advanced manufacturing requires a skilled workforce and can promote high-wage job growth for
American workers.

• Environmental impact of manufacturing is significantly reduced.

To prioritize and prepare for advanced manufacturing, FDA formed an Advanced Manufacturing Regulatory
Framework Working Group to identify gaps 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 small-molecule and solid oral drug products. Inaddition to guidance, FDA is actively engaged with
international counterparts in harmonizing requirements to assist manufacturers who are interested in
exploring advanced manufacturing. As part of this effort, an ad hoc committee of the National Academies of
Sciences, Engineering, and Medicine recently published a consensus report77 from 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 want to prepare, and (4) suggestions for how to
overcome those regulatory issues to facilitate the adoption of promising novel technologies in the
pharmaceutical industry.

FDA’s CDER Emerging Technology Program and Other Activities

FDA has taken steps to encourage and support the adoption of advanced manufacturing techniques, but
more can be done. For example, in late 2014, FDA’s CDER launched the Emerging Technology Program
(ETP), which fosters close collaboration with industry to reduce barriers to entry for advanced
manufacturing. ETP provides a gateway for early (pre-submission) discussions of innovative technologies
and approaches, even before a candidate drug is identified. Under ETP, FDA/CDER received over 100
proposals, and accepted approximately 50 that span a wide range of innovative technologies applicable to
drug delivery systems, as well as testing, quality control, and manufacturingof APIs and small-molecule and
biological products. Examples include:

• CM: A manufacturing process that integrates two or more-unit operations together with a highly
automated system to ensure a robust, uninterrupted continuous operation;

• End-to-end CM: A continuous process that integrates both API and drug product manufacturing;

• Portable and modular manufacturing platforms (e.g., Pharmacy on Demand);

• 3D printing technologies for solid dosage forms.; and

• A variety of novel analytical and drug delivery technologies.

As a result of this effort, between 2015 and 2020, FDA/CDER approved a total of 11applications involving
advanced manufacturing. Of these, eight applications involved CM for FDF manufacturing, one application
involved CM inproducing a high-selling (high-volume) API, one application used CM for making a biological

product to treat a rare disease, and one application used 3D printing to manufacture rapidly dissolving pills.
In9 of these 11approved applications, the drug manufacturers use modern manufacturing facilities

incorporating advanced manufacturing technologies in the United States for their commercial production.
Also, during the COVID-19 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 research program to collaborate with academia and is building advanced
manufacturing research facilities in Ammendale, Maryland and additional lab space in St. Louis, Missouri to

77 National Academies of Sciences, Engineering, and Medicine. 2021. Innovations in Pharmaceutical

Manufacturing on the Horizon: Technical Challenges, Regulatory Issues, and Recommendations. Washington, DC:

The National Academies Press. https://doi.org/10.17226/26009.
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support intramural research programs in advanced manufacturing. These research programs generate data
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 manufacturing technology has the
potential to enable domestic manufacturers to be competitive 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 designed to reduce. These 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 pharmaceuticals. However, equally if not more
important to consider, is the barrier created by insufficient, conflicting, or countervailing incentives for the
industry.

FDA’s Advanced TechnologiesTeam for Vaccines and Other Complex Biologics

Advanced manufacturingcan 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
infectiousdiseases. It can also providegreater assurance that the biologic products manufactured will provide
the expected clinical performance.

FDA’sCBER also encourages the development and adoptionof advanced technologies to modernize
domestic biopharmaceuticalmanufacturing. FDA/CBER is currently supporting development of an
advanced manufacturingplatformfor Messenger RNA (mRNA) vaccines to support the COVID-19
vaccinationefforts. While the pilot for mRNA vaccines will be most directly in support of the COVID-19
response, this technology will also be applicable to other RNA-basedtherapeutics, such as antisense-RNA.
Such a modernization effort aims to result in a more robust manufacturing process with fewer interruptions
inproduction, fewer product failures (beforeor after distribution), and greater assurance that the biologic
productsmanufacturedwill provide the expectedclinical performance. FDA/CBERrecognizes that the
implementationof emerging technologies for manufacturing high-qualitycomplex biologics could present a
variety of challenges for bothFDA/CBER and industry, making support from FDA a critical part of the
effort.

To address these challenges, FDA establishedthe CBER Advanced Technologies Team (CATT) in2019.
CATT provides an interactivemechanismfor prospective innovators and developers of advanced
manufacturing and testing technologies to discuss with FDA/CBER staff issues related to the
implementationof these technologies in the development of CBER-regulatedproducts. Inaddition, since
2018, FDA/CBER has awardedseveral grants and contracts that support research projects to study and
recommendimprovements for the advanced manufacturing of biological products, includingthe investigation
and development of innovative monitoringand control techniques. The funded researchaddresses
knowledge and experience gaps identified for emergingmanufacturing and testing technologies and supports
the development and adoption of such technologies inthe biological product sector.

During2015to 2020,FDAapproved:

• Eight drugapplicationsfor using CM to makeFDF products;

• Oneapplicationfor using CM for producinga high-selling(high-volume)API;

• Oneapplicationfor using CM to makea biologicalmoleculeto treat a raredisease; and

• The first applicationfor using3D printingto manufacturerapidlydissolvingpills.

Innine of these applications, the drug manufacturers use advancedmanufacturing technologies in the

United States for commercialproduction.
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Other HHSand InteragencyInitiativesto IncreaseDiversityof Supply

Inadditionto actionstakenabove, HHS ASPR, inpartnershipwithDOD,has recently establishedon-
demandmanufacturingcapabilities for APIs andFDF drugs. These platformshavethe potentialto
revolutionizethe productionof domesticpharmaceuticalmanufacturingthroughthe useof novelsynthetic
chemistryprocessesthat modernizeflow chemistry, liquid-liquidextraction,and phase separationto produce
any requiredAPIs andcontinueto demonstratescale productionof essential medicines in shortage,beyond
those usedfor COVID-19patients. These investmentsin capabilitywill immediatelyyield extremely cost-
competitiveproductionof critical pharmaceuticalsinsupport of the Strategic NationalStockpile,as well as
allow for expansion to produceadditionalessentialpharmaceuticalsin support of nationalhealthcare
priorities.

Inresponse to immediateneedsrelatedto the COVID-19pandemic,ASPR is also establishingcapabilities for
productionof saline andother supportive care fluids on demand in a modular, highlyportablemanufacturing
platform. ASPR has also initiated the JUMPSTARTinitiativewithDOD,establishinga U.S.-based,high-
speedsupply chain to produce45 millionpre-filledinjectors(similarto a syringe) per month, using well-
establishedBlow-Fill-Sealaseptic manufacturingtechnology. This manufacturingtechnologyis currently
undergoing510(k) review (for substantialequivalence)and comparability/stabilitytestingwith COVID-19
vaccineproducts for FDA authorization. HHS and the U.S. InternationalDevelopmentFinanceCorporation
are scaling this initiativeinorder to increaseproductioncapacities to 250 milliondevices per month,starting
inearly 2022, and ramping through 2023. HHS has also establishedthe Foundryfor American
Biotechnologyto producetechnologicalsolutions that help the UnitedStates protect against and rapidly
respondto health security threats, enhance daily medicalcare, andadd to the U.S. bioeconomy.

Furthermore,ASPR, through recent DefenseProductionAct (DPA)authorities given to it by Congress, is
establishinga Planof ActionwithFEMA andDOJ for the Manufacture,Allocation,andDistributionof
DrugProductsandDrugSubstancesto Respondto COVID-19andFutureHealthSecurityThreats. This
Plan will be implementedunder the Voluntary Agreement to DefineCOVID-19Drug ProductsandDrug
Substances requirements. It will maximizethe manufactureandefficient distributionof selected types of
drugproducts anddrugsubstancesandwill create a prioritizationprotocolfor end-users basedupontheir
demonstratedor projectedrequirementsincludinggeographicandregional circumstances.

RECOMMENDATIONS

As this report details, the pharmaceuticalsupply chain is complex,global, and vulnerableto disruptions. The
UnitedStates must undertakea comprehensive,multifactorialapproachto induce sustained enhancements
that drive resiliencethroughout the many interconnectedelements of the supply chain. This will requirethe
activeparticipationof privatesector players, includingpurchasers,intermediaries,and manufacturers,as well
as the publicsector. Solutions to address the reliabilityof the pharmaceuticalandAPI supply chain should
address the following two priority objectives:

• Improvesupply chain transparency and incentivizeresilience. Policies shouldseek to provide

increasedtransparencyto distributorsand purchasers of the sources of drug manufacturingand the

quality of the facilities that makethem. Greater transparency will incentivizedistributorsand purchasers

to shift to moreresilient sourcesof supply. Policiesshould also establishmechanismsto rewardsupply

chain resilience and reductions inthe severityof drugshortages.

• Increasethe economic sustainabilityof U.S.and allied drug manufacturingand distribution.

U.S. andallieddrugmanufacturing,especiallyfor generics andcommondrugs, is oftenundercut by low-

cost competition,particularlyfromIndia andChina. While the UnitedStates does not needto make

every drug itself, it does needincreaseddomestic productioncapacity for key drugs. Policytools to

increasethe economicsustainabilityof U.S andallieddrug manufacturingincludeprovidingpredictability

inproductioncosts, pricing,andvolumesold; increasinggovernment and privatesector flexibility in

contractingandsourcingof finisheddrugs andraw materials;andstudying whether the currentmarket

240



As the UnitedStates promotesa moresustainableandresilientsupply chainfor APIs andfinisheddrugs,

policytools shouldbeguidedby threeoverarchingprinciples:

• Rigorousassessmentof benefitsand costs: Whilethe UnitedStates needs a moreresilientdrugsupply

chain, the UnitedStates must also remainfocusedoncontrollinghealthcarecosts. Sustainablesolutions
to drugshortagesandothersupplychainvulnerabilitiesmust beeconomicallyfeasibleand not have
unintendedconsequencesacrossthe healthcaresystem. Theremaybe initialupfront investments,the

gainsfor whichwillnot be realizedfor a numberof years. Whileupfrontcosts maybeeasy to quantify,it
is importantto alsoquantifythe projectedlong-termbenefits that such investmentsare likelyto generate.
Benefitscouldincludeimprovedtreatmentoutcomeswhenfewerdrugs go into shortage,reducedstaffing

needs for monitoringandrespondingto drugshortages,reducedcostsfor purchasingalternative
treatments,additionaljobs, favorableenvironmentalimpacts,andthe geopoliticaladvantagesof reducing

dependencyonstrategiccompetitors.

• Distributionof benefitsandcosts across affectedstakeholdergroups. Sustainablesolutions to drug

shortages andsupply chainvulnerabilitiesshouldencourage stakeholders to not overly favor or penalize

any one group. Severalcategories of stakeholdersshouldbe considered,includingdrug manufacturers,

largeandsmall; supplychain intermediariessuchas GPOs, pharmacybenefit managers,andwholesalers;

patients andhealthcare providers such as hospitals andpharmacies;payers(bothpublicand private); and

workers at all levels of the supply chain. While individualpolicies may impact groups differently,overall

policysolutionsshouldbe balancedin their impacts ondifferent stakeholders.

• Support market-based mechanisms that serve public health for drug production and
distribution. An enduring solution should avoid generating other adverse impacts that could undermine
its success once implemented. These 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 trade secrets.

With those objectives in mind, we offer three sets of recommendations to promote domestic growth, equity,
and resilience throughout the pharmaceutical supply chain:

• Boost local production and foster internationalcooperation;

• Build emergency capacity; and

• Promoteinternationalcooperationand 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 appropriate, promoting 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 inwhich there may
be more geopolitical risk. The 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 chain. The 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 needed, other
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 work with relevant U.S. Departments and Agencies, the Office of
Management and Budget, and Congress, as well as the private sector and other non-governmental

stakeholders.

for finisheddrugs supportsa diversificationof supplyinsteadof relyingononeor two suppliersthrough

preferredcontractualarrangements.
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Boost Local Production and Fostering International Cooperation

The first pillar of our strategy 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 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.

1. Investment and Financial Incentives to Boost Production

Leverage the DPA and Current Public-Private Partnerships (PPPs) to Establish a Consortium for Advanced Manufacturing
and Onshoring of Domestic Essential Medicines Production

There are thousands of pharmaceutical products available in the U.S. market, and most do not go into
shortage, even during a pandemic. However, for those drugs that do go into shortage, the impact on
individual health and the financial impacts for health care systems can be significant. The FDA’s Essential
Medicines List, developed pursuant to E.O. 13944, can be used as a starting point to prioritize efforts to
improve resilience in the supply chain by serving as a “first cut” of the most important medicines to address
supply chain vulnerabilities.

Inorder to seed investments to promote greater U.S. production 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 looking to build domestic
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 Agency, Commerce (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
Business Administration, 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:

• Addressing regulatory questions presented by novel technologies and using the consortium to coordinate
input from all necessary Government agencies.

• 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 sector-based training for American workers.78

• Developing a plan of action to incorporate more small and medium-sized firms inR&D to increase
domestic technological capacity and capability.

• Limiting environmental impacts of manufacturing on communities located near facilities.

• Identifying and mitigating risk from climate change.

Taking intoaccount public input, the new working group will prioritize those medications that are essential to

have on hand insufficient quantities to treat the U.S. population during a public health or other emergency.

Working with the private sector, the workinggroup will map the supply chains of key essential medications.

Initial steps may focus on those medications for which the current supply chain does not have adequate

redundancyor diversification,such as over-concentrationinareas for which geopoliticalor climate change

risks could place supplies at risk. For those at most risk and that have no domestic manufacturingcapacity,

78 The DOL’s Employment and Training Administration (ETA) could support sector-based pathways to jobs in the

pharmaceutical sector to recruit and train workers for jobs requiring Associate’s degrees or on-the-job training. This

can be achieved through continued support of the public workforce 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 manufacturing practices.

Near Term Next Steps:

• HHS and the White House will host a high-level summit on drug supply chain resilience to kick off this
new initiative.

• The Administration will assemble a consortium of public health experts (including emergency medicine
and critical care) in the government, non-profit, and private sector to review the Essential Medicines list

and recommend 50-100 drugs that are most critical to have available at all times for U.S. patients because
of their clinical need and lack of therapeutic redundancy (Critical Drug List), and determine a potential
volume that could be needed, using the surges during COVID-19 pandemic as one metric for that

analysis.

• HHS will conduct an analysis of the Essential Medicines that went into shortage in the past year to
determine major drivers, including mapping their supply chains to characterize their redundancy,
diversity, and manufacturing quality.

• HHS will leverage the DPA process to determine the financial incentives needed to onshore or nearshore

the production capacity needed for the global supply chain.

MediumTermNextSteps:

• 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 pharmaceutical products.

• 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.

• HHS will determine if there is a need to increase production or stockpile 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 utilize platform technologies to provide surge production in crises.

• Additionally, HHS will explore stockpiling strategies to reduce API supply risk, including an analysis of
KSMs.

• The U.S. Government will review reimbursement models for key essential medicines to determine

whether changes to reimbursement models could improve the resilience of key essential medicines
without unduly impacting U.S. costs.

Use Incentives to Create Redundancy for Sterile Injectable Production

Logisticaland transportation issues already create inherent incentives for the domestic productionof sterile
injectables 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 their production. To increase the resilience of the sterile injectable
supply chain, three actions should be pursued to reduce risk:

• Financial incentives to spur investment. The UnitedStates will continueusing the BiomedicalAdvanced

Researchand DevelopmentAuthority and other incentive-basedtools to invest inspecializedequipment

and updates to maturequality manufacturingprocesses, includingadvancedmanufacturingtechniques,

for these products. This will help reducethe barrier to entry for new manufacturersor reducethe cost to

existingmanufacturerslooking to upgradetheir facilities.

• Update reimbursement models. For lower costs drugs, profit margins from federal payers may play a role in

ensuring that sterile injectables are at least risk of being in short supply. Accordingly, to reduce the
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• Procurement guarantees. While incentives for establishingproductionandcompetitivereimbursement

models are needed, manufacturershaveindicatedthey also require consistent demandto justify

investmentsfor new production. Procurementguarantees,combinedwith leveragingacquisition

flexibilities,can be used to signalcommitment to anddemandfor products fromdomestic andsmall

firms. These will needto be establishedina careful andnuancedmanner to ensurethat they serve the

needs of agencies, includingDODand the Departmentof Veterans Affairs (VA), and to ensure

consistency withU.S. procurement laws andobligations.

Near Term Next Steps:

• HHS will convene a working group to analyze how reimbursement policies contribute to the lack of
resilience for sterile injectables identified in the previous proposal as well as chemotherapeutics that have
been in shortage in the past 5 years.

• HHS will evaluate whether certain sterile injectables that are identified as being at significant risk of
shortage but are not part 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. Invest in Research and Development

The second 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 commercial innovation has driven the development of novel
platform technologies for the COVID-19 response, such as the development of new technologies that
expand pharmaceutical production on-demand. Many of these are in late-phase development or ready for
commercialization. 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 services to patients in 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 established on-demand manufacturing capabilities for
supportive care fluids, API, and FDF drugs in modular, highly portable platforms. These platforms are
revolutionizing the production of domestic pharmaceutical manufacturing through the use of novel synthetic
chemistry processes that modernize flow chemistry, liquid-liquid extraction, and phase separation to produce
any required API, and continue to demonstrate scale production of essential medicines, beyond those used
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 essential pharmaceuticals in support of national healthcare priorities. HHS and DOD are
currently demonstrating that medicines produced in this fashion can be purchased at one-tenth the cost of
what is listed on the current VA federal supply schedule. Inaddition, as mentioned above, the JUMPSTART
initiative with ASPR and DOD is scaling up pre-filled syringes for vaccines and other uses.

There are also additional opportunities to support development and commercialization of novel platform
technologies through traditional development programs (Small Business Innovation Research/Small Business
Technology Transfer/Accelerators) sponsored by DOD and HHS. In addition to this, DOD and HHS have
received broad authorities under Title IIIof the DPA to commercialize these technologies. As such, funding
opportunities towards commercialization are available through the DPA Title IIIOffice and HHS.

likelihoodthat theseproductswillgo intoshortagedue to low margins,the U.S.Governmentwill review

reimbursementmodelsto determineupdatesthat may improvesupply chainresilience.
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HHS andthe FDA will also continueto work collaborativelytowards the realizationof these capacities.
Significant investmentswill be requiredto streamlineregulatoryreviews,inadditionto the capital
expendituresrequiredfor the initialcommercial-scaleproductionof these platforms.

Near Term Next Steps:

• Using funding from the American Rescue Plan, in June 2021, the Department of Commerce-sponsored
National Institutefor Innovation in ManufacturingBiopharmaceuticals (NIIMBL),which will launch a
whole-of-industryeffort to develop fully integratedand smaller footprint platforms that will reduce
supply chain demands for raw materials, increase domestic biomanufacturingsurge capacity, and more
broadly improvetechnologicalcapabilities that can lead to the biomanufacturingof APIs.

• HHS will create an internal task force with experts from FDA and ASPR to increase capacity for
supporting development, evaluation, and, if possible, implementationof novelmanufacturing
technologies and processes. The task force will visit existing facilities and form partnerships with
domestic manufacturers or universities to study advancedmanufacturing technologies. It will develop a
strategy for the Secretary on how to facilitate a wider adoptionof novelmethods for commercial
productionof pharmaceuticals and biologics.

3. Create Quality Transparency

The third element of spurringdomestic and resilient productionand working incooperation with partners
and allies is to create robust and mature quality management to ensure consistent and reliabledrug
manufacturing and quality performance. Inits current form, the pharmaceuticalmarketplacedoes not
recognize or reward investment inmature quality management. FDA’s analysis found that quality problems
are responsible for at least 63 percent of the drugs that went into shortage between2013 and 2017.79

Create a Rating System to Incentivize Drug Manufacturers to Invest in Achieving Quality Management Maturity

HHS and FDA propose to create a programwith a ratingsystem aimed at recognizingand rewarding
manufacturers for mature quality systems that achieve sustainable compliance and focus on continuous
improvement, business continuity plans, and early detection of supply chain issues. The proposedrating
system will evaluate the robustness of a manufacturing facility’s quality management and could be used to
informpurchasers and GPOs about the state 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 purchasers would be able to require disclosure
of the rating in their contracts with manufacturers. This effort would introduce transparency into the market
and may provide top-rated manufacturers and small U.S. firms with a competitive advantage, potentially
enabling them to obtain sustainable prices as well as grow market share. While there may be the perception
that this could create a two-tiered quality system, all approved FDA-regulated products are required to meet
the same quality, safety, and efficacy standards. A quality 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.

FDA should lead the development of a framework to measure and provide transparency regarding a facility’s
quality management maturity with engagement from industry, academia, and other stakeholders. The
development and adoption of this rating would:

• Communicate the value of quality management maturityso it can be adoptedby manufacturersand

pricedintocontracts by purchasers;

• Promotethe adoptionof better tools to measuremanufacturingperformance to allow earlier detectionof

potentialproblems that could leadto shortage; and

79 DrugShortages:Root CausesandPotentialSolutions,U.S.Foodand DrugAdministration,2019,Updated2020.

Availableat:https://www.fda.gov/media/131130/download.Accessedon 4/2/2021.
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• Incentivize improvements to manufacturing infrastructure that enhance reliability of manufacturing and

thus supply.

Next steps:

• Establishing a quality rating system for drug and API production is a long-term initiative that will have to
be developed in collaboration with business partners and with stakeholders.

• As a next step, the FDA could begin consultations with stakeholders to develop a framework for rating
quality management maturity.

• Over time, the FDA will consider whether to establish a 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 Alliance,80 a PPP that develops quality measures for use of pharmaceuticals, some of
which have been adopted under Medicare CMS.

4. Improve Informationand 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 report has identified key informationgaps that present a major
challenge to FDA’s ability to performadequate monitoring. A robust ability to understandthe flow of drug
material from API intermediate to distributionof the finished product would greatly increase the ability to
identify and mitigatepotentialsupply disruptions before they occur, as well as informtimely action for any
shortages that do occur. Inthe short term, the U.S. Government should encourage stakeholders to make
greater use of commercial data sources 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 informationon the drug and API supply chains. FDA and
HHS should encourage stakeholders throughout the supply chain to increase their use of commercial data to
identify and mitigatesupply chain risks while the U.S. Government stands up a more comprehensive initiative
to collect data and to improve surveillance and oversight of drug and API supply chains.

Seek Additional Authority Through Which FDA Can Collect Additional Data and Take Action to Improve Surveillance,
Oversight, and Resilience of the Supply Chain

Over the longer term, the U.S. Government should establish a new initiative to collect additionalsupply chain
data to improvesurveillance, oversight, and supply chain resilience.

The following are several critical sources of new data necessary to support such surveillance work:

• Drugmanufacturingvolumeinformationandreporting;

• Completeregistrationand listingrequirements;

• Distributiondata on prescriptiondrugs andcertainbiologicalproducts;

• Requiringmanufacturersto notifyFDAof anincreasein demand;and

• Requiringthat the labelingof APIand finishedproductlabelingincludeoriginalmanufacturers.

Empoweringthe FDA to collect this informationwill inmany cases requirestatutorychanges as well as close

consultationwith industryandother stakeholders. But this informationwill enable the FDA to conduct a

morecomprehensiverisk assessment of the U.S. pharmaceuticalsupply chainto support legislativeand

executivebranch efforts to ensure its adequacyand resilience. For example,FDA couldbeginto identify

how manyproducts are both vulnerable to shortageandprimarilymanufacturedoverseas. Inaddition,FDA

could identifymanufacturerswith largemarket shares whose supply chains, whether domestic or foreign,

80
Pharmaceutical Quality Alliance, https://pqa.memberclicks.net/our-story. Accessed on 5/23/21.
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appear to be vulnerable because, for example, a manufacturermight rely primarilyon a smallnumber of
manufacturingsites or might havehighhistoricalvolatility in quantityshippedto wholesalerdistributors.
FDA couldsharekey informationunder confidentialityagreementswith federalagencies that rely on these
supply chains to allow themto createplans to mitigatethat risk, including,where appropriateand if funding is
available, throughadditionalsupply contracts. FDA could also expeditereviews and inspectionsof new
applicationsor manufacturingsites for these products to bolstertheir supply chains.

APIand finishedproduct labeling that identifiesoriginalmanufacturersis particularlyimportant. Lack of
supply chaintransparencyon the origins of APIs and finishedproducts can cause serious vulnerabilitiesdue
to fraudulent products in the supply chain. Becausesupply chainstakeholdersare not always able to identify
the originalmanufacturer,they may not be able to address manufacturing,quality, security,or safety concerns
that could lead to patient safety issues. Repackagedor relabeledAPIs sometimesdo not includeinformation
that adequately identifies the originalmanufacturer,whichcan create challenges in tracking affected
medicationsif problems are identifiedwith the API. Similarly, many labels for finishedproducts only provide
the distributor’sinformation,rather than the original manufacturer.

FDA shouldbe givenlegislativeauthority to require this informationbe includedon labels. To mitigate
unintendedconsequences,this shouldbe consideredintandem withcreationof a rating systemfor quality
managementsystemmaturity.

Next Steps:

• HHSwill conveneindustryand othernon-governmentalstakeholdersto share insight on commercial
data sources and to encouragestakeholdersacross the supply chain to increasetheir use of commercial

data to improvesupplychainresilience.

• HHSwill develop andmake recommendationsto Congressseeking statutoryauthorizationto increase
FDA andHHS ability to collect informationand to requirethat API andfinish drug labelsidentify
originalmanufacturers.

Build Emergency Capacity

Even as we bolster domestic production, there will always be unforeseen events that will stress even the most
resilient supply chains. 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 have shortfalls of critical drugs during times of crisis.

5. Explore the Creation/Expansion of a Virtual Strategic Stockpile of API 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, especially small and small disadvantaged businesses. 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 at a central location.

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
quantities of discarded 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. Additionally, care must be 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. The stand-by capacity, such as an additional complete processing line or single piece of
equipment for a rate-limiting unit operation, could be requested to become operational as a shortage emerges
regardless of cause. Again, as with material stockpiling, such production lines and equipment would need to
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be routinelyoperatedandmaintainedaccordingto a cycle that assures readinessonshort notice. This
approachmight beprioritizedfor medicationsthat are difficult to stockpilefor long periods of time, such as
sterile injectables. The consortiumproposedinthe first recommendationshould considerhow to best
implementsuch excesscapacityina cost-effectivemanner.

As plansare implementedfor the creationof a new virtualstockpileor an expansionof the existingstockpile,
advanceplanningandcommunicationneeds to be inplace to avoidcreatingor exacerbatinga shortage,not
only by increasingdemandfor the APIor drug by the amount neededfor the stockpile,but also by causing
others to feel a needto create their ownstockpile,thus further increasingdemandstressorson the supply
chain.

Next Steps:

• HHSwill determinespecificAPI andfinisheddrugs that needto bestockpiled,andidentifythe amounts

neededinsucha stockpile,the benefitandrisk of a virtualstockpile,andtheabilityto utilizeon-demand

manufacturingto providesurgeproductionincrises.

PromoteInternationalCooperationandPartnerwith Allies

Domesticproductionis only one aspect of driving resiliencein the pharmaceuticalsupplychain, since it is not
feasible, desirable, or realisticto expect every drug neededfor Americanpatients to be producedon American
soil. As such, andwith the growing dominanceof competitornations,the UnitedStates must work with its
like-mindedregulatorypartners to developa secureand resilient supply chainthat is not overly reliant on
materialsor manufacturingfromcountriesthat lack a shared interest inmutuallybeneficialsupplychain
arrangements. That is why the thirdand finalpillar of our strategy is to increaseinternationalcooperation
andpartnerwithallies to strengthensupply chainresilience.

6. Ensure InternationalHarmonizationfor Reviewingand Respondingto Supply ChainRisk with
PartneringNations

The U.S. Governmentshouldwork throughalreadyestablishedinternationalregulatorycollaborationand
harmonizationorganizations,includingbut not limitedto the InternationalCoalitionof MedicinesRegulatory
Authorities,the InternationalCouncilfor Harmonisationof TechnicalRequirementsfor Pharmaceuticalsfor
HumanUse,andthe PharmaceuticalInspectionCooperationScheme to strengthencooperationwith allies
andpartners. The U.S. Governmentshouldalso leverageother bilateralandmultilateralfora and
engagementsto strengthendrugandAPI supply chaincooperation.

Specifically,the U.S. Governmentshould use the criteria establishedin the first recommendationregarding
the optimumgeographicdiversityandredundancyin a supplychain in collaborationswith our major
regulatorypartners,who are already aligned on the needfor morerobust andstablesupply chains and are
beginningtheir ownevaluationsregardingthe needfor domesticmanufacturingtogetherwithsupplychains
that are integratedwithallies. Cooperationwithallies shouldfocus onunderstandingthe risks to the global
supply chainand collectivelydevelopingsolutions that reduceidentifiedrisks. Additionally,as allies and
partners look to onshoresome production,the UnitedStates andpartners shoulddevelopcomplementary
strategies that createanappropriateamount of redundantproductionwithout unnecessaryduplicationacross
alliednations. This shouldalso include the convergenceof regulatorystandards to allow for changesthat
promotemanufacturingquality to be done expeditiouslyacross all parties.

An exampleof a targetedaction that the UnitedStates can take with allies andpartners is the developmentof
a centralizedAPIsupplierdatabase. Manufacturersface difficulties in changing their APIsource(e.g., when
they needto increaseproductionor respondto a disruptionfromtheir API supplier). AlthoughFDA lists
APIsuppliers andrecentlyinspectedAPI manufacturingfacilities, there is no complete,centralizedsourceof

o As part of this analysis,HHSwill explorestockpilingstrategiesto reduceAPI supplyrisk,

includingan analysisof KSMs.
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information on API suppliers, so firms often incur time and expense seeking such suppliers. Such a
centralized database would enable manufacturers to easily identify alternativesources of APIs and more
dynamically shift between suppliers inthe event one experiences a disruption, decreasing the risk of a
shortage.

Next Steps:

• For the Critical Drug List identified in the first recommendation, 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.
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ABBREVIATIONS

ANDA - AbbreviatedNew DrugApplication
API - Active pharmaceutical ingredient
ASPR - Assistant Secretary for Preparedness and Response

CARES Act - Coronavirus Aid, Relief, and EconomicSecurity Act
CATT - CBER AdvancedTechnologies Team
CBER - Center for Biologics Research and Evaluation

CDER - Center for Drug Evaluationand Research
CGMP - Current Good ManufacturingPractice

CM - Continuous manufacturing
CMS - Centers for Medicare& Medicaid Services
DOD- Department of Defense

DOJ - Departmentof Justice
DOL - Department of Labor
DPA - DefenseProductionAct

EC - EuropeanCommission
E.O. - Executive Order

ETA - Employment and TrainingAdministration
ETP - Emerging Technologies Program
FDA - Foodand DrugAdministration

FD&C Act - FederalFood, Drug, and Cosmetic Act
FDF - Finisheddosage form
FEMA - FederalEmergencyManagement Agency

GPO - Group purchasing organization
HHS - U.S. Department of Health and HumanServices

KSM - Key starting material
mRNA - MessengerRNA
NIIMB L- NationalInstitute for InnovationinManufacturingBiopharmaceuticals

PPP- public-privatepartnership
R&D- Research and development
SCCT - Supply Chain Control Tower

SCRM - Supply ChainRisk Management
VA - Department of Veterans Affairs
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