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Over the past few yearshe Sourceree Team has beeloselymonitoring the semiconductor
industry, high-capacity battery supply chainand rare earth elements(REE3 market, making
the late February 202%igning of he Biden Administrationd Bxecutive Orderon A meri cad s
Supply Chainsvery exciting for us. TheEOincluded all three of those items as priorities for

the Departments ofCommerce, Energy, an®efenseandrequeseda reportof the supply

chain riskswithin the next 100 daysin Marchd s SHI ELD Newsl etter, the
has compiled épecial Edition flaggingthe highlights ofin-depth articles on the challenges
and opportunities in these three critical ndustri es to protemthisAmeri c
newsletter, we thought it best to let the EGet the tong and we pinnedthe relevant excerpts

above our article roundupgor each industry Now more than ever, our national security
depends on developments in theFIUS and Supply Chain Risk Magament(SCRM)space

--Adam Murphy, Sourceree President

EO 14017, Americads Supply Chains
AMore resilient suppl yd dabildaiing greatemrdemestie c ur e an
production, a range of supply, buitn redundanciesadequate stockpiles, safe and secure
digital networks, and a worldclass American manuracturing base and workforce. Moreover,
close cooperation on resilient supply chains with allies and partners who share our values
will foster collective economic and néonal security and strengthen the capacity to respond
to international disasters and emergencies.
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Department of Commercéd Semiconductors

Section 3. (b).J

fAThe Secretary of Commerce, in consultation with the heads of appropriate agencies, shall
submit a report identifying risks in the semiconductor manufacturing and advanced
packaging supply chains and policy recommendations to address these aisks.

The Semiconductor Supply Chain: Assessing National Competitiveness

Georgetown Center for Security and Emerging Technology
Authors; Saif M. Khan; Algander Mann; Dahlia Peterson
January 2021

The COVID-19 pandemic triggered a global semiconductor shortage, impactirautomaker
and consumer electronics industries for the foreseeable futur&he following report from
the Georgetown Center for Security and Emerging Technology (CSEThaps out supply
chain and national competitiveness across each of the seven sectors osraiconductor

supply chain, providing insight into areas of concentrationto reinforce the industry.

Select excerpts from the piece:

The halftrillion-d ol | ar semi conductor supply chain i s ol
production of a single compartchip often requires more than 1,000 steps passing through
international borders 70 or more times before reaching an end customer. However, the

advancement of Chinads semiconductor

i ndustry

international scurity and the competitiveness of current incumbents. Policies that affect even a
single firm or supply chain step can have global ripple effects with tens of billions of dollars of

impact. To avoid unpredicted harms, policymakers must understand thy clgip and
national competitiveness across each sector.

Figure 5: 2019 semiconductor market
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Market (USD billions)

& WSTS

The United States decisively leads all other courdriesluding Chin® in semiconductor
R&D, which feeds into all other supply chain segments. The private sector performs most

semiconductor R&D.
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Figure 3: U.S. firms led semiconductor industry R&D in 2018

Country/region

Source: 5lA, SemiVWiki*

RED in 2018 (billions of USD)

Complex and globalized supply chains have driven rapid progress in semiconductors for
Law.
the United States, which remains the global leader across many parts ofplyecham.
Together, the United States and its afliesspecially Japan, the Netherlands, Taiwan, South
Korea, the United Kingdom, and Germéngre technological and market leaders at virtually
every step of the semiconductor supply chain.
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Though still lagiing behind, China increasingly challenges this leadership across several sectors.
In particular, China is quickly expanding market share in chip design and manufacturing; and

also plans to increase capabilities in production inputs: SME, EDA, core Imaadals. If

successful, China could reconfigure global supply chains, with critical impacts on U.S. national
and internat.
Supply Chains

action.
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1: Semiconductor value add and market shares by segment and firm
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Market shares
Segment
Yalue add u.s. 5.Korea | Japan Taiwan | Europe China Other
EDA 1.5% Q6% <1% 1% 0% 0% <1% 0%
Core IP 0.9% 52% 0% 0% 1% 43% 2% 2%
56% 16% 14% 4% 0%
29% <1% 23% 1% 1%
44% 3% 6% Q% 7%
10% 6% 10% 5% 3%
10% 19% 8% 7% 1%
7% 29% 5% 14% 4%
Total valve add 14% 12% 11% 6% 2%
ons, financial statements, WSTS, SIA, SEMI, IC Insights, Yole, and

CSET
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Department of Energyi High-CapacityBatteries and Critical Mineral Supply Chais

Section 3. (b) ii
fiThe Secretary of Energy, in consultation with the heads of appropriate agencies, shall
submit a report identifying risks in the supply chain for higftapacity batteries, including
electric-vehicle batteries, and policy recommendations to address these rsks.

The Geopolitics of Critical Minerals Supply Chains

Center for Strategic and International Studies(CSIS)
Author: Joy Nakan

11 March 2021

Among the minerals identified as the key t@advancingclean energy technology are those necessary
for energy storageand the critical minerals necessary tomanufacture high-capacity batteries With
demand expected tancrease 450 percent over the next 3@wrs,this CSIS report lays out market

leaders forcriticalmineral s uppl y and processing and examiones eac
identify areas of competition and cooperation across the global chain.

Select excerpts from the piece:

Clean Energy Mineral Supply Chains and Top Global Suppliers
Batteries, Wind, and Solar PV

Raw Materiols Processed Materials Components Assembly
Co, LI, C Nb Ni, Ma Si Cathodo materials, Cathades, Anodes, Li-lon cells
Cu, Ti, AL F, £, Sn, lron ore Anode materials Electrolytes, Separators v

- — P — P — 9

Noa US

Row Maten‘als Processed Materiols Components

Assembly
Al, B, Cr, Cu, Dy, Fb, Mn, Alsminam, AJF\C e Nacelies, Blade Wind turbines
Mo, Nd, Ni H Fr, kron Copper wire, Ca Glass fibers
\. .’ a
China a EU US EU Chima
Row Materials Processed Materials Components Assembly
Al 8,Cd Cu,Ga, Ee, n, Fe, Si-metal, Polysilicon, Crysalline { amorphous Si Colis 5i moduies,
Ph, Mo, Ni, Se, Si, Ag, Te, 5n, In Curedned AL CdTe Wafer Thin film Si / non.SI modules
-‘+‘---
China Alrica us Chenn

2 US. E&U China i Chnd ] EU

* Latin Amenca
** Bxchuding Chena and Japan

artow based on data trom Europeas Commissice, Crtical mosedols CSIS |
d w5 0 tho EU - 0 foresight study, 2000 [Brussels: Europaan Comimission, 2000/ o

Sourg
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Confronted with the rising threat of climate change, many governments around the world have
launched efforts to electrify their energy system wtiéearbonizing their electric power supply.

This trend has led to an increased demand foraasbhoremitting sources of electricity and
energy storage technologies, and in turn has
component minerals and materig&cording to a World Bank study, the demand for

component minerals for electric storage battérisach as aluminum, cobalt, lithium,

manganese, and nicketould rise by more than 450 percent by 2050 if clean energy technology

is deployed at a level conssit with the Paris Climate Agreement goal of keeping the rise in
atmospheric temperature to no more than 2 degrees Celsius.

Supply chain security for the minerals and materials needed in clean energy technologies has
become a strategic issue, not onlydese it could affect the pace of clean energy technology
deployment around the world but also because clean energy technology has become the latest
frontier for the geoeconomic rivalries sparke
longer a simfe mineral producer or component assembler, China is emerging as avlyleer
manufacturer that requires a growing volume of the minerals and metals that are considered key

to clean energy technology manufacturing. This development has increased shesgi@sother

major economies dependent on mineral imports to secure their critical minerals supply chains.

Key observations include:

1 The security of critical minerals supply chains is a strategic issue, in light of the expected
exponential demand growth led by clean energy technology deployment around the
world.

9 Sustained political commitment to technological innovation is essentizn@ging the
growing competition over resources and clean energy manufacturing value chains.

T Chinads devel opment of midstream and downs
supplier of raw minerals and materingl s to
position along critical minerals supply ch
strategic responses.

1 Different economies are motivated by different concerns reflecting the heterogeneity in
their resource endowment profiles and industrialcttires. The United States appears
most concerned about import dependence that can be exploited geopolitically, while the
European Union and Japan appear primarily concerned with the effects of supply
disruptions on their industrial competitiveness.

T Recmt efforts to strengthen critical mi ner a
devel opment of midstream capacities, the E
battery sector, and Japandés stockpile mode

9 Competition over critical minerals supplies is also rising between irtlepndent
economies. Such competition could hinder effective international partnerships that might
otherwise mitigate existing risks to supply chains.
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Supply Chain for EV Battees: 2020 Trade and Valuadded Update

United States International Trade Commission
Authors: Jeff HorowitzDavid Coffin; Brennan Taylor
January 2021

Electric vehicle (EV) batteriesare anamedc o mponent of the EOO0s direc
Department of Energy to examine thehigh-capacity battery supply chain. In previous

newsletters, we haverovided some backgroundorEV b atteri esd potenti al
energy grid, dependent on production capacity improvements to meet demandahich the

US I nternational Tr awt ae nStompade sosio Thenadide fuahert 1 c | e
identifies imports and exports at each juncture of the EV battery supply chainincluding

competitive advantage across the globand identifiesimprovements made in trade

classification standards that will help totrack production and supply trends in the future.

Select excerpts from the piece:

The electric vehicle (EV) battery supply chain is a relatively new area of global competition in

the passenger vehicle industry, and EVs make up an increasingly sigreheaatof passenger

vehicle sales. Globally, the top three markets for EV sales are China, the United States and the
EU. However, starting in 2017, ESpecific trade data became available internationally, so we

are now able to better track the import ardaet of EVs, in addition to sales. Moreover, the

increase in EV sales has led to an increase in demand for the batteries needed to power these
vehicles. The EV battery supply chain is an area that is particularly competitive because of a lack
of establisked suppliers, and projected future demand outstrips current supply, both at the cell
level and at the material level. Thus, the makeup of this supply chain is very much in flux.

Since 2017, the quantity and variety of EVs produced and sokipasded rapidly. Global EV

sales increased 78 percent from over 754,000 in 2017 to over 1.5 million in 2019. U.S. EV sales
more than doubled from 104,490 in 2017 to nea
selling at such high volumes, U.S. productimakes up a higher share of U.S. EV sales than in

previous years. In 2017 13 different EV models were offered in the United States, but in 2019

that had expanded to 18.

The battery manufacturing supply chain has three main parts: cell manufacturingg modul
manufacturing, and pack assembly. These three stages can be conducted in the same place or
broken up into two or (theoretically) three locations. For example, the Envision AESC plant in
Sunderland, England, produces battery cells and modules, and asspatks for the Nissan

Leaf. However, Envision AESC also sends modules to Spain, where they are put into packs for
electric vans. Additionally, Tesla produces modules and packs at its Gigafactory, which opened
in 2017 in Nevada, using cells produced bypd&mnic at the Gigafactory. However Tesla also
produces modules and packs at its Fremont location using cells produced both internally and by
Panasonic in JapaRack assembly tends to occur near the vehicle assembly location because of
the cost of transpting battery packs, which are larger and heavier than cells or modules.

For lithium-ion battery trade, the United States and Germany are beginning to import almost as
much as China in recent years, but tsClthe na st i |
situation regarding thearmonized Commodity Description and Coding SysteiS) (
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classification remains unchanged over the last few years; HS subheading 8507.60 is where
lithium-ion batteries for all uses are categorized for purposes of trackargatibnal trade.
However, the U.S. Harmonized Tariff System (HTS) has additiondidiOstatistical reporting
numbers for imports that separate EV batteries from other litiourbatteries which makes it
possible to analyze U.S. trade in EV batteries more precise level. As mentioned previously,
battery cells are traded under a broader statistical reporting number for battery parts, which
makes it difficult to track imports and exports of battery cells at a global level, since that trade
data inclues a lot of other products as well.

Table 6 Exports of lithium-ion batteries by country, 2017-19 [million $)

Exporter 2017 2018 2019 % growth
China 8,048 10,825 13,031 62
South Korea 3,518 4,388 4,678 33
Hang Kong 2,174 2,877 3,099 43
Japan 2,572 2,580 2,054 -20
Poland 269 821 2,030 656
United States 1,292 1,396 1,499 16
Rest of World 3,242 5,222 6,760 108

Total 22,077 29,438 35,134 54

Source: IHS Markit, Global Trade Atlas (HS 8507.60; accessed December 9, 2020).

For the United States, the majority of assembled EV battery imports continue to be imported
from South Korea and the majority of battery parts are imported from Japan, while the majority
of exports ofithium-ion batteries from the United States are destined for the Netherlands,
Mexico and the United Kingdom.

Figure 2 Global EV battery manufacturing capacity (GWh), 2019

236

14 10

China United States South Korea EU Japan Other

Source: BNEF, “Battery Manufacturing,” May 30, 2019.
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Department of Defensé Rare Earth ElementsREE$

Section 3. (b) ili

AThe Secretary of Defense (as the National Defense Stockpile Manager), in consultation with
the heads of appropriate agencies, shall submit a report identifying risks in the supply chain
for critical minerals and other identified strategic materials, inclumg rare earth elements (as
determined by the Secretary of Defense), and policy recommendations to address these risks.

The report shall also describe and update work done pursuant to Executive Order 13953 of
September 30, 2020 (Addressing the Threat leetDomestic Supply Chain From Reliance on

Critical Minerals From Foreign Adversaries and Supporting the Domestic Mining and
Processing Industriesp.

An Overview of Rare Earth Elementand Related Issues for Congress

Congressional Research Service
24 November 2020

In a piece in theJanuary newsletter,we laid the foundation for the importance of rare earth
elements (REEs)with their diverse applicationsincluding defense and energy technologies, and the
fact that we are 100% relianton imports of 14 out of the 17 REEsThe Congressional Research
Service provided the following overview which goes deeper into the uses for REEs as welR&E
mining locations across the globe.

Select excerpts from the piece:

Although domestic resources exist for some REE, the United States is currently reliant on
imports. In 2019, the United States imported 100% of rare earth metals and compounds it
consumed, even though it exported some domestically mined rare earth element concentrate for
further processing (due in part to a lack of domestic processing fagilities

Figure |.Global Demand and Domestic Consumption of REE
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Source: National Energy Technology Laboratory (NETL), “REE-CM Program,” https://www.netldoegov/coal/
rare-earth-elements/program-overview/background.
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From the 1960s until around 1985, the United
with all production originating from the Mountain Pass mine in California. Starting in the

mid11980s, China began REE mining and extractiparations and became the largest

contributor to global REE production. By the 2010s, China was producing nearly 85% of the

worl dés supply of REE and supplying 95% of pr
restrictions on REE between 2010 and 2014, resultimigamatic increases in REE prices during

those years. 10 These high prices led to increased global exploration for REE deposits. The 40
largest exploration projects indicate over 3,000 million metric tons (Mt) of inferred resources (at
various gradeshimore than 15 countries.

Table |.Active REE Mines in 2017

Deposit Mame Location Resource (Mt) Grade (REOQ, %)
Maount Weld Australia 239 7.9
Buena Marte Brazi na na
Bayan Obo China BOO &
Daluxiang (Dalucas) China 152 5
Maonuping China 502 189
South China clay deposits  China na 005-04
Weishan China na na
Karnasurt Mountain Russia na na
Maountain Pass United States 167 798
Dong Pao Vietnam na na

Source: Bradley 5. Van Gosen, Philip L Verplanck, Robert R. Seal Il. Keith R. Long, and |oseph Gambogi, Criticol
Mineral Resources of the United Stotes—~Economic and Emvironmental Geology and Prospects for Future Supply, ed.
Klus |. Schulz, John H. DeYoung, Jr. Robert B. Seal Il Dwight C. Bradley (Reston, VA US. Geological Survey,
2017). Table O3, p. O12, httpsidoiorg/10.3133/pp 18020,

In addition to new deposits of REE, changes to existing extraction and recycling technologies

could increase the secondary supply of REE by allowing the use of otherwise unusable sources

of REE. New extraction technologieslower cost extraction technologies can allow lower

grade deposits to be mined-off grade).Guch techriolbgyes (i . e .
can also potentially be applied to new sources of REE, such as wastewater or recycled waste.
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Critical Materials Rare Earths Supply Chain: A Situational White Paper

U.S. Department of Energy, Office of Energy Hiciency and Renewable Energy
April 2020

In this Department of Energy white paper, the authors break down challenges and opportunities to
enhancing the nearly entirely dependent supply ch
This includes recycling, research and development, and the full spectrum of processing necessary to

use these minerals. The full article identifies the broader challenge of technology transfer among

academia, government, and industryo exchange scientific and technical datehiat would improve

the supply chain.

Select excerpts from the piece:

The assured supply of critical materials and the resiliency of their supply chains are essential to

the economic prosperity and national defense of the United Statesahtudacturing and

deployment of these goods provides employment for American workers and contributes to U.S.
economic growth. The United States is dependent on foreign sources of critical materials. Many
foreign sources of critical materials are conceattan just one or two countries. For example,

60% of the worldds cobalt is mined in the Dem
processed in China. The dependency of the nation on foreign sources of critical materials creates

a strategic vulnerabiif for both our economy and our military with respect to adverse foreign
government actions, natural disasters, and other events that could disrupt supply.

Figure 4. Rare Earth Element Supply Chain for Neodymium Iron
Boron Magnets

Gaps in the domestic supply chain are shown in red.

Rare earth ores e g. bastnaesite

Upstrean

Concentration

Beneficiation of mined rare earth ores

n
&
!
I
I
I
lﬁ
I
12
Is
I
I
15
|
|
I
15
1%
I
I
I
\ B

Recycling
Currently, endof-life products that contain REEs, including magnets, batteriefiusoréscent
light bulbs, are recycled in limited quantities.25 Urban Mining Company has built its business
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model on magnetib-magnet recycling. The Rare Earth Salts pilot plant processes fluorescent
light bulbs. Momentum Technologies has licensed patdatdthology developed by the Critical
Materials Institute, a DOE Energy Innovation Hub, to recovery REOs from magnet waste
streams.

Opportunities

Innovation Ecosystem Criticality applies not just to materials, but also to broader systems they
are a part b To address strategic vulnerabilities, the entire supply chain needs to be considered.
For example, increasing the rate of mining without increasing corresponding processing and
manufacturing capabilities will simply move the source of economic anchabsecurity risk

further down the supply chain and create dependence on foreign sources for these capabilities.
An innovation ecosystem should be built around a supply chain framework that emphasizes the
integrated, interconnected nature of the problem.

Key areas for development include:
1 Understanding the systems, networks, and evolution of materials flow to identify
opportunities, including eproduction and unconventional resources
Strengthening and extending relationships to match producers antheust
Sustained engagement with OEMs, labs, and academia throughout the process to scale up
new technologies
Establishing a pipeline of projects for private investment
Establishing an advisory group or community that identifies challenges and oppestunit
on an ongoing basis, including bridging domestic and internatiDé&l
1 Pursuing a multidisciplinary workforce including Al, automation, rapid prototyping

1
il

il
T

R&D Solutions

R&D is well-positioned to address lorigrm solutions to the supply chain. Traorsational

innovation can be used to shift the paradigm in the industry. DOE and DOD, including the
Defense Advanced Research Projects Agency (DARPA) and the Air Force Research Lab, are all
investing in developing technologies that have the potentiahtovate the supply chain and

reduce dependence on rare earths by substantially reducing or even eliminating their use in end
use technologies. In order to reduce costs and maintain responsible environment stewardship,
connectivity is needed across the dymhain. For example, modular process intensification can
link feedstocks with processing by-tmcating multiple stages of the supply chain. Modeling and
analysis play an important role in validating such ideas. Teelbnoomic analysis (TEA), life
cycleanalysis (LCA) and ageifiitased modeling were discussed as vital steps in thelgraie

new technologies. Cooperation through pubplivate partnerships is needed for such validation
and verification, with tesbeds and pilescale facilities as one avee to demonstrate new
technologies. For development of new processes, certification is needed.

Supply Chain Development

Moving beyond R&D, commercial stockpiles and regulatory incentives were suggested as one
possible way to stabilize the industry, alilgh there was not consensus about whether either
approach would be effective. Leveraging international collaboration with allied nations, such as
members of the North Atlantic Treaty Organization (NATO), was suggested as a means to stand
up an assured raearth supply chain to reduce market uncertainty and volatility.
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