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|. INTRODUCTION AND SELECT FINDINGS

Rare Earth Elements (REES), also called rare earth metals and rare earth oxalgsgre
seventeerghemical elementhioder at el y a b un d awith unigue prapértees ear t h 6
essential to higibechnology productsREEsare usedn metallurgy, polishing, anthe creation

of catalysts and magnetsith a range ofpplicationsncludingautomobile and petroleum

refining, phosphors for flat panel displays in mobile phones and laptops, permanent magnetics,

and rechargeable batterfeREEs are also vital in defense applications such as fighter jet

engines, missile guidance systems, lagsard satellite communications systems.

The United States was once sdfiantin its domestic mining industry for REES, but has
become nearly fully reliant on REE imports in the past 20syegris import reliance has come
aboutdue toincreasingoreign competiton, primarily from Chinawhich hadower mining and
processing costend significantly larger REE reserves well agrom increased domestand
foreignusage of REEsThis report focuses on théS. manufacturers ahdistributors that
requre REEdor their products.While domestigproductionof REEs shrak in thelasthalf
century, thegrowth of theglobal technology industry has spurred a continually increasing

demand for REEs inommercialand defense markets

The Chinese neanonopoly a1 REEs hasaisedthe issue of supply vulnerability in recent years.
TemporaryChinese export restrictions of certain REEs have caerseeime pricevolatility and

global enduser outcry.China has since dropped these restrictions, but their unilattiat has

1 Find more information on rare earth elementstfjvs://minerals.usgs.gov/minerals/pubs/commodity/rare_earths/
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raised concerns with numerousS. Government institutioriecluding Congress and théS.

Department of Defense.

In 2014, the U.S. Department of Defense, Defense Logistics Agency (DLA) partnered with the
U.S. Department of Commerce, Bureaurafustry and Security (BIS) to conduct an industrial
base assessment measuring the health and competitiveness of the d®Etestipply chain
network, focusing omanufacturerand distributors oproductscontainingREE components

usedin defenseandaerspace applicationsThe following report focuses on fiwpecificREESs
Dysprosium, Erbium, Neodymium, Terbium, and Ytterbium, collectivelgrred toas

ADENTYO

DLA also requested similar assessments focusing on the carbon fiber compoasiessium,

and titaniumindustries These materials are covered in separate BIS reports.

BIS and DLA set the following objectives for the industrial base survey and assessment

1 Capture the various levels of tREE supply chain network

1 Identify interdependencidsetween respondents, their suppliers and customers, and the
U.S. Government agencies they support, with particular focus on supply chain

avdlability issues and challenges

1 Benchmark trends in business practices, competitiveness issues, financial pexdorman
research and development (R&&)d capital investment, workforce, and other topic

areas acrss the supply chain network

2View these and other industrial base reports on the BIS webpagebis.doc.gov/dib
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1 Share data with 1$. Government (USGgtakeholders, as appropriate, to better inform
strategic planning, policy implementation,gated outreach, and collaborative problem

sdving.

BIS performed this data collection and assessment under authority delegated to the U.S.
Department of Commerce under Section 705 of the Defense Production A&0pa4
amendedand Executive Order 13603 hese authorities enable BIS to conduct surveys, study
industries and technologies supporting the national defense, and monitor economic and trade

issues affecting the U.S. industrial base.

Other industrial base assessmeatentlycompleted by BIS idode: the U.S. Underwater
Acoustics Transducer Industry, the U.S. Space

Propellant Actuated Device Industry, and the Consumers of El@gttical Satellite Imagery.

BIS worked withDLA andselectDENTY suppliersandproductmanufacturers to gain a better
understanding of operational and business practices specificRictbmdustry. These
interactionsaided in designing a surv@ystrumenthatcoveredssues faced by both industry

and government stakeholders

Thecontent of the survey instrument addresses several categories of respondent information,

including sections dedicated to:

9 Organizatiomal information
1 Products DENTY-related

1 Suppliers, iventories, inputs, and sourcing

3 Seewww.bis.doc.gov/dib
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1 U.S. Government defeasand nordefense participation
1 Operations and laallenges

1 Imports anl Exports of REERelated Mterial

1 Sales

1 Customers

i Financials

1 Workforce

1 Resarch and Bvelopment

=

Capital Expenditures

BIS distributed th&REE surveyin late spring 20140 respondents identified )LA (our

partner ageng, previous BIS survey effortand independent research.total of 160
organizations responded to the survéhe response data was reviewed, tabulated, analyzed,
and presented tolIA to facilitate theiranalysis and strategic planmgn Additionally, aggregated
results, as contained in this report, were made publicly available and presented to strategic

materials stakeholders across the U.S. Government, industry, and academia.

Select Findings

1 Most respondents were focused oarMfactuing, Distribution, Eneldse/Application,
and R&D; these four business lines accounted for 82 percent of the primary business
lines selected by respondents.

1 The 160 respondents reported operating 396 facil2@8in 38 states antil08 in33 non

U.S locatons between 2010 and 201RBespondents had the greatest number of facilities



in California, New Jersey, and New Yorkor the 108 facilities outside of the United
States, most were in China, Germany, tmiéél Kingdom France, and Canada.

1 Aggregated sak of all respondents were $76.4 billion in 2013. Ré&&ted products
accounted foonly 8 percent of this amount$6.1 billioni up from 5.8 percent in 2010.
REE sles growth in the commercial area far outpaced that in the governmental area.

1 For the2010-2013period, three respondents were calculated to be at high/severe
financialrisk, with another 36 at moderate/elevafiedncialrisk.

1 The 160 respondents identified a total of 601 products or product t@wes.twothirds
of the listed product®ere related to the DENTY elements; the majority of these products
were magnets and magnet powder products.

1 Nearly half of the products or services used Neodymium, which was used at over twice
the rate of each of the other elements of focus (Dysprosiuerbtm, Erbium, and
Terbium). Most products/services involved the use of more than one REE.

1 Respondents listed 24 inputs with sole source suppliers and 128 inputs with single source
suppliers* Chemicals and Magnets had the greatest number of solesmdssingle
source inputsOn a percentageasis, over threquarters of alloy andetamic inputs
were sole or single source.

1 REEs originating in China represenggaproximatelytwo-thirds of inputs, with those

from the United States aamating for anther 22 percentAll remaining countries

4 Single Sourcé An organization that is designated as the only accepted source for the supply of parts, components,
mateials, or services, even though other sources with equivalent technicallavweand production capability may

exist.

Sole Sourcé An organization that is the only source for the supply of parts, components, materials, or services. No
alternative U.S. onon-U.S. based suppliers exists other than the current supplier.



accounted for just under 10 percent of known origin REES, with no single country
accounting for more than eight inputs.

Supply chain disruptions were only a minor issue for respondents in 2012 and 2013.
Seven rgsondents reported X6tal supply chain disruption€Eleven of these disruptions
were for suppliers located in ChinahereChina was the original source thie REEs as
well. The reasons given for disruptions were varied, including legal holdups, quality
issues, and significant price increases.

Eighty-one of 160 espondents rankea#oreign Competitiodasanorganizational
challenge, witl80 noting it as their number one challendgéhis wasnore than twice the
number of the next most frequentrpary chdlenge,Material Price Volatility

GAging Equipment, Facilities, or Infrastructdmgas not a highly cited challenge overall,
but was the most frequently identified challenge expected to rise in the future.
Respondents did not expect any major changteiavailability d any REEs in the near
future. For every REEthe vast majority of respondents expected no chanige in
availability.

Recycled products and inputs were twice as common as substituted products and inputs.
Twenty-three percent of respdants recycled REEs or REElated products, whereas
six percent of respondents substituted REEs with other REEs €RBES.

Product Performance was the most frequently cited consimaising recycled REEs or
substituting for REEs.

Sixty-one respondestreported having REEelated R&D expendituresptialing $254

million in 20137 four percent of total R&D expenditures for all respondents.



One hundred two of the respondents provided support to at least one USG agency, with
USG sales accounting for neadgethird of all sales in 2013The Armed Services,

NASA, and the Department of Energy were the most frequently supported agencies.
Forty-seven respondents weseeminglydependent on the USG, based on their
indication as such and/or their percent oésdb the USG.

Sixty-six respondents indicated they imported REkted ore, mixed compound,
inorganic purified compound, organic purified compound, mixed metal, and/or purified
metal between 2010 and 201Borty-six respondents imported from a singtauatry,

with China accounting for 28 (61 percent) of these single country importers.
Respondents reported a total of $1.1 billion worth of imports of-Ridted ore,
compounds, and metals from 2010 to 2013. The top three importers accounted for nearly
$688 million of these imports (63 percent), and the top five accounted for 80 percent of
imports.

Thirty-six respondents (23 percent) reported exports of-Ritdied ore, compound, or
metal to 56 countries between 2010 and 2013. Another 36 respondedtadiste. S.
customers of their products or services.

In 2013, the 160 respondents employed 203,896 ftdtatime-equivalent employlees
(FTE9, 5.6 percent of whom performed RE&lated duties.

Smaller companies tended to have a larger percentage rofvtirkforce devoted to
REErelated items. Small and medium sized businesses had 26 pedc28t otheir
employeesrespectivelyworking on REErelated items, compared to 17 percent for large

businesseandthreepercent for very large businesses.






[1. INDUSTRY PROFILE

BIS receivedsurveys from 16respondents of all sizes, from many locations withinthiged
Stateswho work with Rare Earth Elemer{REESs)in some capacity along the value chaln.
order to capture some initisformation about he respondents amtleateorganizatiorprofiles
for further analysis, BIS askl a series of questions about organization size and Typeprofile
guestions also asked that respondents detail their lines of busdsspplicationsand the
market segrents in which they participated. FinalB|S asked respondents to list their

organi zationdés facility | ocations and any ant

All 160 of thetotal respondentaorkeddirectly with REEs One hundreéndforty respondets
(88 percentyvorked directly with théocus elementDysprosium, Erbium, Neodymium,

Terbium, or Ytterbium (DENTY).

Resmndent organizations fahto one of thre¢ypes of organizatianrCommercialCompany

U.S. Government Organizationr University One hundred and fiftyespondents @percent)

were Commercial Companies; fivrespondentsiireepercent) were Universities; and five
respondentstlireepercent) weré).S. Government Organization€ommercial ompanies were
thenfurther divided into pulicly traded or privately held companieblinety-six of the 150

commercial companigsn ot i ncl udi ng t he (@ Neocentwen privatelyab | e 6
held organizationsForty-six organizations (29 percengsponded at the businessit or

divisionlevel, providing mordREEfocus to their responsésee Figure H1).



Figure |I-1: Respondent Profile
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Strategic Materials Assessment, Rare Earth Elements — 2016

Sixty-six respondents (4dercent)selfidentified as a small businesshile 115respondenté72
percentyeportedhavingfewer than 500 employe@s2013 For the purposes dhis
assessmentespondents werdassifiedas small, medium, large, or very largampaniedased

on their aveage net sales from 2010 to 2018tler than their employee size).

Using average net sales to categorize the respondents by size, smadidessimere defined as
respondents with average annual sales under $25 milllsmg this method74 respondents (46
percent) were categorized as #mdhese small businesses employed roughlgpercent of the
nearly 230,000 reported fetime equivaleh(FTE) employeesVery largeorganizations
accounted fosix percent of the survey responses, but employgueécent of the total reported

employees on average between@add 2013 see Figure H2).



Figure 1I-2: Respondent Size Categorizations
by Average Annual Net Sales, 2010-2013
(Includes Commercial Companies, Universities, Non-Profit Organizations, and USG Organizations)

Average Average Average
. Number of
Size Annual Respondents Number of Number of
Net Sales P Employees REEs Used
No Sales None Listed 21 1,274 9.7
Small Under $25 74 48 5.2
Million
. $25 Million -
Medium $100 Million 28 157 6.6
$100 Million -
Large $1 Billion 27 1,157 5.9
$1 Billion or
Very Large Greater 10 13,796 7.6

e: U.S. Department of Commerce, Bureau of Industry and Securit

Respondentprovided their role in the REE suppthain byreporing their primary and

additional lines of business from a list BIS providsee Appendix )l Results indicated that
U.S. companieworkingwith REEs areyenerallyinvolved in the later processing stages, rather
than earlier procurementagtes(see Figure H3). REE miningactivitie® suchasd&inancing
Exploratiory andd@&xtraction® wereselecedas primarybusinesdines for onlynine
respondentsg(percent). Seventeemespondets (11 percentyeportedone of the following as

their pimary line of businessProcessing dVetallurgyg or Refiningd

Respondents identified four business lines significantly more frequently than direts:
Use/Applicatiod dMlanufacturingy (Research & Development (R&DB)anddistributiond
Vanufacturingd with 75 respondents (4percent) wasthe most commonly selected primary
business lingfollowed by®istributiond &End-Use/Applicatiordwas only the fourttmost

commonly reported primary business line, but was the nwstnonlyreportedcategoryoverall



when including additional business linegh 103 respondents ébpercen). (R&Dbowas
reported as a business line by 61 respondents (38 percent), although 111 respondents (69

percent) reported having R&D expenditures.

Figure |I-3: Respondent Business Lines
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Is Assessment, Rare Earth Elements — 2016

Within these businessies, respondentgilized a variety of REE¢see Figure H). The most
commonly used elemerdeodymiung with 115respondets reporting usage, was a focus
element of this surveyThe second and third most widely used elements @éteumdand
Ceriumg with 92 and 78 respondentsespectively.Usage othe otherassessmeniarget
elements@ysprosiung &Erbiumg drerbiumg anddytterbiumd wasreportedby between 60 and

66 respondents each.



Figure llI-4: REE Participation
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On average, respondents worked with 6.3 different R&Bsgh half reported working with
four or fewer. Seven respondents worked with all 17 elements, and another 13 worked with all
but onei ®Promethiund For the 24 respondents working with just one REE, 10 used

ANeodymiund

Respondents were askedhkysupported any of the disted REE applicatiorareadisted (see
Figure I}5), andidentifieda total of639applications wihin thesecategories.@Magnets and
Magnet Powde®wvas the application most selected, dthresponsesOther frequeny

seleced REE application categories includésbatingg dCeramic§ GAlloysd dGain/Laser
Mediumj &Crystal€) andd-iber Optic& Forty-nine @thebapplication areawereidentifiedby
respondentsncludingmotors, R&D, sensors, slurry, memory devices, ingaids, and pipeline

inspection.



Figure 11-5: REE Application Areas
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Respondents provided products and seniit@svariety ofnondefense and defense market
segmentsDrawing from a lisbf non-defensemarket segments provided by BIS, respondents
most often indicate@articipating indResearch and Developmégriderospacg@ dpticdand
®ensord(see Figursll-6 and IF7). Manyrespondents also provided productsnarket

segments as diverse ésealthcare/Medic@l Consumer GoodsanddMarine Transportatiain



Figure 11-6: Market Segments
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Figure IlI-7: Top Non-Defense Market Segment
REE Participation
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Onre hundred twlve respondents (4fercent) indicated that they participatedliefenserelated
market segments (see FigureB)l Within the defense sectofR&Ddwas the most commonly
reported market segmignvith 71 respondents (43ercent)participating. AAircraftdanddC41SRd
(Command, Control, Communications, Computers, Intelligence, Surveillance, and
Reconnaissanc&ere thedefenserelatedsectorswith thesecond anthird most common

participation by respondents.

Figure 1I-8: Top Defense Market Segment
REE Participation
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The 1® respondents reported operating 3&ilities in 38 stateq288 facilities)and 33 nordJ.S
locations(108 facilities) between 2010 and 201RBespondents listedb facilities in California,
26 facilities in New Jerseyand 21in New York. For the 108 facilities that wemavned but not
operaed in the United States, the majority were located in China (20), Germany (15) the U.K.

(10), Fance 6), and Canadé5y.



BIS asked respondents to identify REE-utilizing facilities inwhich they anticipated
significant changes in operations from 2@@4£2018and to explain these changé&aventy-five
organizations expected changeg8tofacilities with many changes involving expansion of their
current operationsTwenty-two respondentplanned to prepare for increaseusinas. The top
locations foranticipatedexpansion were California, Arizona, Colorado, Montana, New York,
Wisconsin, and WyomingSix expected to close or relocate; one of these specifically cited
Chinese market control as a reasxplainingi [ We ] h a v eounmrecyclihgotREHR deled
to Chinese pricing in the market place aith phosphors and rare eartli®ecycling of waste

phosphors is not justifiefihancially at this point in time, due to market conditians.



[1l. SALES AND FINANCIAL PERFORMANCE

Sales and other financiahth were a kefactori n under st anding the respo

vulnerabilitiesin the global REE marketplac®IS asked respondents to provide sales and
financial information for 2010 to 2013, with a s@docus on REHelated salesSales data

includedtransactionsnade to commercial and U.S. Government customers.

BIS developed a financial risk metfiar the respondents, based on finahd&ta and qualitative
methods. Thisfinancial riskoverview allowed BIS to batch respondents based ondiah
performanceproviding additional insight into potentia¢percussions of financial impacts across

theREE supply chain.

Sales

Respondet s t ot al 8.abilliersin 2010 ®© &6.4bitlian m 20 3with a peakof
$80.2billion in 2011 Thevastmajority of these sales came framon-REE-related products.
Government andammercialREErelatedproductsaccounted foonly 8.0 percent of totbsales
in 2013 or $6.1 billion(see Figurell-1). The share oREErelated products made an

increasingpercentage of total salassing from 58 percent in 20160 8.0 percent in 2013



Figure IlI-1: Total Sales
2010-2013
(REE and Other)
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Strategic Materials Assessment, Rare Earth Elements — 2016

Respondents were asked to break out both-Riidtedcommerciakales andREErelatedU.S.
Governmat salesfrom their total salesData showedhat salegrowth of REErelated products
outpaced those of neREE products, both for government sales and commercial(sakes
Figure 11-2). Commecial REErelated sales gred8 percentfrom 20162013 while U.S.
GovernmenREErelated salegrew abouB0 percent Sales of noFrREE products to thg.S.

Governmentvas the weakest categofglling consistently from 2010 to 20131 percent)



Figure Il1l-2: Change in REE- Related Sales vs.
All Other Sales
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There was significant variability in sales performanevMeen individual respondentBorty-
severrespondents reportedattheir sales decreased from 2010 to 2@IBof which
experienced a significant decrease in sales (a drop of mor23h@ercent Respondents with
declining sales over the period were of all sibes,nearly half were smaller organizations;744.
percem were categorized by BIS as smadmpaniegless than $25 million in average annual

sales)

Just over on¢hird of the @ respondents witREErelatedU.S. Government sales reported
decreased government saflesn 20102013 with 18 of these respondengxperiencing
significant declinesCommercial REHelated salebad the strongest growdi all the

categorieswith nearly 71percent of respondents reporting increasethis ype of saleand



nearlyhalf (48 percentyeportingsignificantsales growtlfover 25 percentrom 2010 to 2013

(see Figurelll -3).

Figure IlI-3: Distribution of Change in Sales
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Financial Risk

Respondents provided data on select finaragabuntingtems, including net and operating
income, assetsiabilities, and inventoriesBIS used this financial da@nddevelopedc
customized financial risk metric to better capture the overall éilabhnondition of respondents.
The model was based largely on standardized financial ratios covering profitability, liquidity,
leverage, and default probability theorganization®ver time. Additional select qualitative

data were taken into account during the financial risk evaluation.

Respondents were assigned both yearly financial risk scores as well as a more comprehensive

20102013 financial risk score, which incorporated yeadgres and trends in financial health.



Based on this scorecard, respondents were categorized as low/neutral risk, moderate/elevated
risk, or high/severe ris Some respondents did not have data for all years or all measures and as
a result could not besaigned a financial risk score. These respondents are included in the

low/neutral risk category.

For the four year period, BIS categorized three respondents as being at high/severe financial risk,
with an additionaB6 at moderate/elevated financial riskheyearlyfinancial evaluation of
respondents deteriorated moderately across the period, with the numdsparfdents

categoized as low/neutral risk on an annual basis falfingn 136 to 12Icompanies&5 percent

to 76 percent of respondents) duritige 20162013 periodsee Figurell-4A). Moderate/

elevated risk companiesayv from 22to 35 companies (14to 22 percent of respondentduring

the same timeframdrifteenrespondents were labeled as moderate/elevatethrmkghout the
entire20102013 period Half of these respondentsdaegative profgin 2013, andL1 had

negative cumulative earningsrthe fouryear period

While organization®f all sizes were found in the low/neutral financial risk category, small
businesses were proportidlyamore represented in the moderate/elevated risk and high/severe
risk categoriesFor example, the three companies categorized as high/seveia tisé& period

as a wholevere all small businesse3wenty-one of the 36 total companies (58 percent)

labelled as moderate/elevated risk were small businesses (see FigiBg Il



Figure Ill-4: Financial Risk Ratings

A: Annual Financial Risk Ratings

2010 2011 2012 2013
Low/Neutral Risk 136 141 125 121
Moderate/Elevated Risk 22 15 32 &5

B: Full Period Financial Risk Ratings by Respondent Size

No Sales Small Medium Large ([VerylLarge| Total

Low/ Neutral Risk 19 50 21 22 9 121
Moderate/Elevated Risk 2 21 7 5 1 36
Grand Total 21 74 28 27 10 160

Source: U.S. Department of Commerce, Bureau of Industry and Security
Strategic Materials Assessment, Rare Earth Elements — 2016

Respondents operating with a net loss were more likely to be identified by B#Siag
high/severdinancial risk. All of the respondents in the high/seves& category opmited at a
net loss acrossach year othe 22102013 period.The percentage of respondents in the
moderate/elevated risk category operating at a net loss grew from 36 percent to 5Gpercent
the period Between 12 and4 percent of respondents in tleev/neutral risk categorwere

operating at net loss (see Figured)l



Figure IlI-5: Percent of Respondents Operating at
Net Loss by Financial Risk
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Strategic Materials Assessment, Rare Earth Elements — 2016

In addition to falling profits, respondentsmabderatedlevatedr high/severdinancial risk

generally hadihigher and increasing delbtirden(see Figurell-6). The average dx ratio of
respondents in the high/severe financial risk categame than tripledrom 271 percent in 2010

to 868 percent in 2013The average debt ratio of respondents in the moderate/elevated financial
risk category grew from 124 percent to 146 petcand the average debt ratio of respondents in

the low/neutral risk category decreased from 44 to 39 petcent.

5 Debt ratio is configured based on the total debt to total assets percentage. Respondents were placed in a financial
risk category of either high/severe risk, moderate/elevated risaywmeutral risk based on the level of operational
net loss.



Figure IlI-6: Average Debt Ratio
by Financial Risk Rating
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Elevated financial risk haskveral potential adverse effeon how businesses operated with
regard to capital exgnditures, R&D, and workfoe. Respondents witelevated financial risk
weremore likely tohavedecreased capital expenditures and R&penditures from 2010 to

2013 andareduced wrkforceover that periodsee Figurell-7).



Figure Ill-7: Impacts of Elevated Financial Risk
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V. PRODUCTS AND INPUTS

In order to better undstand the production capabilities of the respondents, BIS asked a series of
guestions about product and service lines between 2010 and 2013, with an emph&HNT ¥h
related lines.Respondnts were asked to detail material types, applications, proghetand

market segment in which these products and services participated.

In addition to products and services, BIS sought to understand the inputs and suppliers which
were utilized during productionAgain, an emphasis was placed on inputise materiad,

products, and services respondents used to create their own products andisesldatedto

DENTY lines of businessBIS asked respondents to detail input material types and supplier

locationswith single and sole source suppli@sa focus topic

Products and Services

BIS asked respondentslist anddescribetheir organization's products and services related to
Dysprosium, Erbium, Neodymium, Terbium, and YtterbildENTY), as well as other REEs

These include finished items sold to external casters and senrfinisheditemsproduced

internally for sale and/or related production purpoSdse 1® respondents identified a total of

601 products or product typgsee FigurdV-1)°. Ninety-onepercent (544) of the total DENTY
products andervicesisted were productdfNe ody mi um and 06Ot hets REES®

most cited, with 322 and 3gitoducts and services, respectively.

6 Respondents were able to group together products with the same input components and similar etiteuses as
same basic product type

W €



Figure IV-1: REE Products and Services
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Source: U.S. Department of Commerce, Bureau of Industry and Security
Strategic Materials Assessment, Rare Earth Elements— 2016

Respondents wemesked to describe the type of product or service that their organization
provided. The most commoBENTY -related productaerelnorganic Purified Compoungds
with 121 products listed by a total of 19 respondgste FigurdV-2). Eighteenresponderst
provided Mixed Compountl Oxides, buthey listedfewer than half as many products/services

within that caggory The vast majority of respondergeovided just one material type



Figure IV-2: REE Product and Service

By Ore/Compound/Material Type
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Half of all listed products/services involvéte use of more than one REEeodymium and
Dysprosium were the DENTY elements most commanésent in multREE products.For
exanple, of the 146 products produced containing Dysprosium, 124 (8Brggalso contained
Neodymium. Of the 144 products produced containing Ytterbium, 97 (67 percent) also

contained Erbium (see Figuré-3).



Figure IV-3: Multi-REE Use in Products
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Dysprosium 146 69 124 81 66 114
Erbium 69 132 97 68 97 95
Neodymium 124 97 322 85 92 199
Terbium 81 68 85 128 68 94
Ytterbium 66 97 92 68 144 95
Other REEs 114 95 199 94 95 361

Source: U.S. Department of Commerce, Bureau of Industry and Security
Strategic Materials Assessment, Rare Earth Elements — 2016

BIS asked respondents if they believeditioeganization was a sole source for the RERBted
products and services that they lis(edS. or global). Thirty-eight respondents identified 120 of
their products/servicesssole source These sole source produtépresergdeach of the

DENTY elenents and often multiple of the DENTY elements within a single pro(aex
FigurelV-4). For example, respondents indicated that they were the sole global source for 43
products/services containing Neodymium and the sole U.S. source for 32 psmtucts
containing NeodymiumThe highest number of both global and U.S. sole source

products/serviceoweverwere products containirgt least one of th&#2 nonDENTY REEs.



Figure IV-4: Sole Source Products/Services
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Respondentalso indicated the priary enduse application for each of their piucts/services
(see FigurgV-5). dVlagnets and/lagnetPowder®werethe most common material application,
with 115products/services listed by respondents BgaerelV-6). All Gthedmaterial

applications constituted the second largest category,90iffroducts identified by respondents.

Resposesfor each material application weaéso dvided bythe organization type supported.
A majority of respondents supported Commercial markets across all material applications.
Products and services for Deseusage were focused primarily ddagnets and Magnet
Powder§ Geparated RE Oxid@anddGain/Laser Mediud a p p | iAmang i on s .
products/serviceprimarily used by UniversitiesMagnet/Magnet PowdedanddNuclead

applications were mos$tequently dentified



Figure IV-5: REE Primary Material Applications
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Strategic Materials Assessment, Rare Earth Elements — 2016

Figure 1V-6: Product/Service End Use:
REE Primary Material Application
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Strategic Materials Assessment, Rare Earth Elements — 2016



Overtwo-thirds of the productservices identified by respondemisre related tthe DENTY
elementsa large portiorof theseproducts wereisedfor 6 Mgnets andvlagnetPowded
applications (see Figut®’-7). Neodymiumwasfound intwice as many produapplicationsas
the next most commoREE, Dysprosium Although the DENTY elements have been grouped
together as part of this assessment, they have diffelmardcteristics and endes. Dysprosium
and Neodymium were overwhelmingly usedmagnetelated applications, while Erbium and

Ytterbium were more focused in laser gain materials and dopants.

Figure IV-7: Product/Service End Use:
Primary Material Application by DENTY REE
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Source: U.S. Department of Commerce, Bureau of Industry and Security
Strategic Materials Assessment, Rare Earth Elements — 2016

Respondents were asked to identify the primary market segment in which their products or
services were usgdee FiguraV-8). Researchrad Development (R&D)had the largest
market sector participation, with 105 products/services identified by responaieshisiso the
greatest number expected to be used in the academic commhitle thed Arospacésector

was third most frequently iaéified, it contained nearly half of the products/seszg with



primarily defense endses. hedptics/Sensofssector also containednégh number of

products/services with defense euses.

Figure IV-8: Product/Service End Use:
Primary Market Segment

R&D

Lasers
Aerospace
Optics/Sensors
Magnets
Chemical
Telecommunication
Space Science
Automotive
Materials
Medical
Semiconductors
Lamps/Bulbs

Manufacturing
All Other _
0 20 40 60 80 100 120
Number of Products
m Commercial/Industrial ~ m Defense Academic/University Other/Not Applicable

Source
Strateg

u of Industry and Security

arth Elements — 2016

As with the enelse applications of the DENTY products/seed, there were notable

differences in thendusemarkd segment across the elemenifie R&D market segment

contained the most DENTSpecific products and services (see Figi®). Neodymiumbased
products and servicem addition to beinghe mostprevalentoverall,alsoexhibited the widest

array of market segment usdsrbium and Ytterbiuntontaining products tended to be more

heavily destined for the laser market, as well as aerospace and optics/sensors, with little usage in

many of the other nrket segments.



Figure |V-9: Product/Service End Use:
Primary Market Segment by DENTY REE
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Inputs and Suppliers

In order to understand more about imgutsused byrespondents to create their prodycts
especially with regards to their REElated business lines, BIS asked respondents to provide
details of their inputs and supgrs. Respondents identified 618 inputs frasmany a876
unique supplierfor business lines related to DENTYRespondents specifii different input
types including different types of mixed compoundsxed metals, and purified compounds in
addtion a small number of raw ore inputs and inputs of unknown material @pe hundred
and fifty-nineinputs weremixed or purified metaland277inputs were listed as compounds

(see FigureV-10for the most frequently identified material types

7 BIS consolidated the names of suppliers provided by regmsidb individual organization names when possible,
but some duplicate entries may remain, due to abbreviations, misspellings, and ambiguous supplier names.



Figure IV-10: Input Material Type

For REE-related Products, 2012-2013
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s Assessment,

Inputswere grouped into categories df idput type® the same types used in listings of their

own product/services. As with products/services, magnets and chemicals were the most
prevalent types, but more basic materials like Refined Rare Earth and Ma&rganuch more
commonly identified as input . Thspdecausehan as

manufacturersisel these inputs to formulate more finished products (see Figuld)lVvV



Figure IV-11: Input Types Used

For REE-related Products, 2012-2013
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For eaclof theirsupplies, respondents indicated if thepplier was a single source a sole

source A single source supplier is an organization that is designated as the only accepted source
for the supply of parts, components, materials, or services, even though other sources with
equivalent technical knodwow and production capability may exi#t.sole source supplier is an
organization that is the only source for the supply of parts, components, materials, or skrvices.
the case of a sole supplier, no alternative U.800rU.S. based suppli@xiss other than the

current supplier.

Respondents listed 24 inputs with sole source suppliers and 128 wigusingle source
suppliers. Ten of the listed sole source suppliers (42 perc@amt)68 of the listed single source
suppliers (53 peent) were lodad in theUnited States Chemicals and Magnets had the
greatest number of sole source and single source inputs, respes@ealigurelV-12). On a

percentage basis, over thhgeaarters of Alloy and Ceramic inputs were sole or single source,



which wasby far the greatest proportiodust two input types had no known sole or single

source suppliers listelamps/Bulbs and Phosphors.

Figure IV-12: Input Types Used
by Sole/Single Source Status
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In order to better understand the international market for DENT&ted inputs and suppliers,
BIS asked respondentspoovidethelocation of their supplierand theoriginal source country
of theREE, if known, between 2012 and 201Ror both measures of REE source, the United
States and China were by far the leading sources (see Figdf.\Df the 26 total supplre
countries listed,te United States wgahelargestdirectsupplier of REErelatedinputs with358
inputs identified followed byChinawith 107 inputs identifiedIn terms of county of origin for
REErelated inputstespondents were able to identifg tbrimary country of origin for 368
inputs. REESs originating from China represented roughlythwds of these inputs, with those

from the United States accounting for another 22 percent. All remaining countries accounted for



just under 10 percent of &wn origin REES, with no single country accounting for more than

eight inputs.
Figure IV-13: Countries Providing Inputs
Supplier and Origin, 2012-2013
Country of Supplier Country of Origin
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Strategic Materials Assessment, Rare Earth Elements — 2016

China, he largest noiJ.S. supplier overall, was also the largest-hb8. supplier of sole and
single source inputgith 16 inputs listed as single source and six inpstedi as sole source (see
FigurelV-14). Suppliers from th&nited Kingdomand Japan accounted for the nesdst
common sole and single source inpusgippliers from these countries, on a percentage basis,
were far more likely to be sole or single sowsaepliers with 69 percent of U.K. suppliers
identified as sole or single source, adwhialf of Japafbased suppliersompared to 21 percent

of suppliers from China.



Figure IV-14: Single and Sole Source Foreign
Suppliers to U.S. Companies
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On the wholerespondeninventories were limited with more than half of all inputsihg five

or fewer weeks of supply. Jusgvenpercent of inputs were kept in inventory for longer than six
monthsand 11 percent fdretween three and six monthigventory turnover was slowest in
Mixed Compoundsvith 25 percent of inputs maintained foore than 13 weeks and 63 percent
for more tharfive weeks (see Figure RI5). A significant share of these inventory levels are

due to Oxides, for which 40 percent of inputs were maintained for more than 13 weeks.



Figure IV-15: Weeks of Inventory Supply
by Material Type
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For sveral input types Lamps/Bulls, Ceramics, Electronic Components, and Glassarly all
inputs were kept in inventory for under five weeks (see Figug6)V Many of the more basic
materials, including Refined Rare Earths, Chemicals, and Alloys, tended to have larger inventory

levels with most inputs remaining in inventofy13 weeks or longer.



Figure IV-16: Weeks of Inventory Supply
by Input Type
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Supply chain disruptions were only a minor issue for respondents from 2012 to 2014. Seven
respondents reportdd total supply chain disruptior(see Figure IV17). Eleven of these
disruptions were for suppliers located in Chir@ahina was the originalource of REHor all 16

of the supply chain disruption§.-hereasons given for disruptionaried, including legal

holdups, quality issues, drsignificant price increase©ne responehtcommented thaiprice

increases of 50percens t opped product-bagaedipusf t heir terbi

u



Figure IV-17: Inventory Supply Disruptions
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V. ORGANIZATIONAL CHALLENGE S, COMPETITIVENESS , AND CAPITAL EXPENDITURES

BIS asked a series of questions aboubtiganizationathallenges anthe fuureoutlook of the

respondents in order to better understdfredssueghey are confrontingndthe impact ortheir

REErelated business line§.he respondents also detaikctions and potential actiottzat

could be takemo maketheir businesses mommpetitive Due to the recent volatility in the

REE market, special attention was paid to REE availability and other supply chain issues that

may affect an organkFizmalilopnbdsBkkdmpeuaght veoaessd:

capital expendittes and perceived obstacles to expanding-Ri&ed business lines.

Organizational Outlook and Challenges

BIS provided a list of 30 potentiakganizationathallengeg i ncl udi ng an 06Ot her o
Respondents wemsked to identy those impacting DETY -related operationsom 2010 to

2013and those expected to impact DENTeMated operations in the futufgee Figure V1).

Respondents also ranked the top five issues affecting their DEBIA¥d operations and

provided narrative explanations for bac



Figure V-1: Organizational Challenges
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Forall respondents,azhchallenge on thist was selected ast@p five concern at least once

OForeign Competition6 wéstedchallenge Wwith 8ltrdsmondentsst c o
(51 percent) reporting that foreign competition was anadsetween 2010 and 2B(see Figure

V-2. Over twice as many respondents selected 0Fc
than any other issueRespondents were particularly concerned with Esgncompetitionone
respondent Chiresemapattioa tbr, botlfiNeodymium Iron Boron]{ldFeB) alloy

and for NdFeB magnets has shut down several magnet customers iS.tbeddthe past 15

years and has inflicted serious financial damagetoallRdFa | | oy producer s out
MMaterial Pricevo | at i | i t yd was t hganizatienal chtlethge,mihs76 s el ect e
respondents (4Bercent) reporting it as an issu&s with foreign competition, China was a

major concernyith several respondents noting sudden Chinese export quota changepastth

and fear of additional changedJSiSuppliehe future.



Reliability, 6 which was the fifth most identi

one of the top five challenges.

Figure V-2: Organizational Challenges
2010-2014
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Respondents of differestzes exhibited some variation in the types of challenges they were most
concerned about. Larger respondents tended to identify more chalieiggeral, listing and

average ofLl0 organizational challenges, comparedéwenfor medium organizations drsix for

small organizationsL ar ger respondents were comparatively
Price Volatilityd and OEnvironment al Regul ati
comparatively outsized conceanb out 0 Gov er n me n ttheRfeughurosit ory Bur

frequent concern), OExport Cont-Bol s/ 1  TARG6, an



Figure V-3: Top Organizational Challenges by

Organization Size
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The top five organizational challengesnained remarkably consistent across respondents

participating in mid and later stages in the value cha@rganizaions participating in Refining,
Processing, Metallurgy, Manufacturing, Distribution, Recycling, Substitution, R&D, ofUSed

all ranked the same organizational challendgesspondents participating in earlier steps of the

supply chairi Financing, Exporation, and Extraction included other challenges in their

rankingssEx ampl es of these additional RamrKEpdhni zati on

MiningSmuggl i ngé and &6Availability of Capital. o

The 35 respondentsZdercent of the total respondenwhoidentified their organization as

dependent on sales to the USG for continued vialbiitytop organizational challenges

reflecing their USGoriented businessor t hes e @&ovgranment Puachasimgn s, 0

Vol atainldi toyReeduct ieommiemt UD®& maGadwvw were among t he

identified challenges, and were the two most commonly listed top chadlésegeFigure V).



Respondents dependent on the USG also exhibitlecern witr e gar d t o OExport

Controls/ I TAR6-OanHdSoOREEI Dasi gno.

Figure V-4: Top Five Challenges for the 35
Organizations Dependent on USG Purchases
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Respondents were also asked to categorize their organizational challenges by timeframe; issues
affecting their organizati on c oluthidwajhpe mar ked
respondents could indicate if certain challengese expected in the future (from 2014 to 2018)

that may not be impacting their organization currenktysix area§ 6 Dome st i ¢ Compet i
OExport Controls/ |1 TARO&, 6é6Government Regul ator
Mining/ Smuggl ingldbasiowgv¥eohaeinitti Puydc afid ORedu:
fewer respondents anti@fed challenges in the future compared to current challehgesarly

every other issue area more respondents expegteghtchallenges to rise in the future.



The differene b et ween current and future expectation
Equi pment, Facilities, oQutl/nSurbassttirtuucttblornedd (asnede
These two areas had both the highest number of respondents indicating they woultebe fu

only challenges, as well asonlhgd bicemmd sytdot di f f e
selections.6 Agi ng Equi pment , Facilities, or Infrastrt
many responden-bal g6 ast edolnd tytde darnédc udrbroet h cur r e

combined.

Figure V-5: Organizational Challenges

Expected to Increase in the Future
2014-2018
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In additionto asking respondents to report iidrages to their organizational viability, BIS
provided respondents with an opportunity to request information on federal and state services
aimed at helpingompanies better compete in the global marketpl&oety-threeof the 160

respondents indicated they would like to receive information on at least one of the 14 assistance



areas (see Figuh&-6). BIS generated bulletins covering programs from a widetyaof USG

agencies, including the Small Business Administration, Department of ,Llddtional Science

FoundationDepartmenbf State and several Department of Commerce agencies, subk as

National Institute of Standards and Technofo@XIST) Manuacturing Extension Partnership.

Respondents requested information in all topic aredis Businesdevelopment, R&D, and

Global Exporting Opportunities cited as theost commomequests Small organizations tended

to be comparatively more interestedagsistance wit®mall Business Innovation Research

(SBIR) andSmall Business Technology Transfer (STTRpgrams and Product/Service

Development, while larger respondents had comparatively more interest in Global Export

Opportunities andraining Opportuities.

Figure V-6: Interest in USG Outreach Programs

by Respondent Size

Business Development

R&D Programs

Global Export Opportunities

Export Licensing

Training Opportunities

Government Procurement and E-commerce
SBIR and STTR Contracts

Financing

Manufacturing Technology Development
Patent and Trademark

Product/Service Development

Marketing Assessment Skills

Energy and Environmentally Conscious Manufacturing
Country Commercial Guides

m Small

Medium

|

10 20 30
Number of Respondents

o

Large/Very Large

Source: U.S. Department of Commerce, Bureau of Industry and Security

Strategic Materials Assessment

Rare Earth Elements — 2016

40



Competitiveness

In an effort to understand potential supply chain constramtie industrial bas®IS asked
respondents abopbssiblechanges in REE availability in the ndature. The perceivedet
availability of all REEs watargelystable, withmost respondents expecting change in
availability between 2014 and 2016 (see Figuré)VAt least as many respondents expected
increases in availability as expected decreases for every e|emitbrthe biggest differentials
between incre&s and decreasésund for Gadahium (+9) and Neodymium (+7)The greatest
volatility in expectations was for Dysprosium, where six respondents (10 percent of those
providing an estimate) predicted decreased availability and seven respondents (1) percent

predicted increased availabilifgee Figure V7).

Figure V-7: Expected Changes in REE Availability
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Strategic Materials Assessment, Rare Earth Elements — 2016



BIS posed a series of hypothetical scenariagder to better understand the organizational

outlook of the respondent3.wo of these scenarios focused on supply chain availability and its
potentialimpact on organizatm s 6 -rBl&dd business linefkespondents were asked how a
hypothetical increase in both U.S. imports and overall supply of REEs anddRiEéd products

would affect the sustainment ofein REErelated business line#\ low percatage of

respondents (10 respondents in total, six percent) believeaimatrease in U.S. imports and

overall REErelated supply would negatively impact their REated business lines in the short

or long term.Nearly all of these 10 respondents &euppliers of refined rare earth products or
magnets.These respondents commented that an increased supply in REEs aneld&R&E

products could causgrice erosion in the generalmarké whi ch may O6oversatur

and 6reduce tfud u(rxe-8).niegu rme nV

Fifteen respondents (nine percent) believe that an increased supply would have a posktive short

term effect on thir REErelated business lines, while 40 respondentp&bent) believed that |

would have a positive lontgrm effect Onerespondeuggest ed t hat, AMore 1
more productT hi s means | owéradditiom to savarahcomneiatssabaosit.lowver
costs, one respondent also hypothesized that,
increaseddemnd, which is good for REE producers. o

A majority of respondents believed that a hypothetical increased supply would have either no
impact on their bsiness line$¢45 respondents 28 percentpr did not krow (50 respondents
31 percent One responde o mme nt ed, ACurrent gl obal supply

organi zationds needs,; an increase in supply w



Figure V-8: Impact of an Increase in Both U.S.
Imports and Overall Supply
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AsecondBIShypot hetical scenar i eelakedbugngssiinéswoutddpaa ni z at

affected by alecreas in the number of U.$ocated suppliers for REEs and Rietated
products. Thelargest percentage of respondents beti¢liat the decrease in U.Bcated
suppliers would have no impact on their Riefated bginess line$44 respondents 27
percent)or did not know (4fespondents 31 percent).A small percentage of respondents (10
percent total) believed that a Ulssed supply decrease would have either a short otéomy

positive impact on their REEelated business lines (see Figur®V

A larger percentage of responddmttieve that a decrease in Ul&ated supleers would have

either a shorterm (10 respondentssix percentpr longterm negative impact on their REE

related business lines (43 responders percent). Respondents camented thatfiforeign
suppliers would resul t ilessoveralgoptens |[ceullcrega]l ng cos

dependence on s i.nghereespmdents evaried tieat).8.tsupplier decrease



w 0 u Iput up¥vard price pressures on ourrent suppliedand fAgi ve China a gr e

monopol yo.

Figure V-9: Impact of a Decrease in the Number of U.S.-
located Suppliers for REEs and REE-related Products
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Respondents were asked to identify key actions their organizatidtakesfrom 2010 to 2013

and were planning to takeom 2014 to 201& order to improve theioverall competitiveness.

60l nnonwv,atR&D, and D e svastha highastpanked categenpbbtispéstand

future actions, with 70 and 67 respondentsgdd42 percent) selectinthat category
Respondents planned to emphasize OR&donand pro
recycling REE products such as cerium polishing powder and phosphor whsteecond most

frequently identified improvement categorywa€ a b i t a v ¢ with 40eespor@ents (25
percentnoting itas apastaction and39 respondents @percent) as a future actionActions in

this category included an oO0increase of invent



facility in the U.S., O0Omor e s o pupREEtpioduetione d mac

(see Figure V10).

Two improvementareas0 Cust omer Service/ Quality Control I
A dj u s timvera notalde in that significantly more respondents identified this as already
accomplished than planned for the futurethieeares’ 6 Mar ket i ng JomBpursd wmeersesn t
Restructur i ng dnvesinferd in PR and Bedgdbwaetbete shight edge toward

future improvements.

Figure V-10: Achieving Improvements to

Competitiveness
Past (2010-2013) and Future (2014-2018)

Innovation, R&D and Design Improvements
Capital Investment

Customer Service/Quality Control Improvements

Marketing Improvements
= Future Plans

m Past Improvements
Staff Adjustments

Business Restructuring

Patent Protection/Investment in IPR and Legal

0 20 40 60 80
Number of Respondents

Source: U.S. Department of Commerce, Bureau of Industry and Security
Strategic Materials Assessment, Rare Earth Elements — 2016



Capital Expenditures

Aggregatecapital expendituresom 2010to 2013were heavily directed toward investments in
machiney, equipment, and vehicleg his focus on updating or upgrading production could
refled concerns abowgxpected challenges froaging equipment, facilities, and infrastructure
notedearlier Overallcapitalexpenditures showed no clear trend acrosspéériod 2010 to 2013,
with total expenditures totaling $4.7 billion in 201® from $4 billion 2010 but down from $6

billion in 2011 (see Figure V11).

Figure V-11: Aggregate Capital Expenditures

2010-2013
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Strategic Materials Assessment, Rare Earth Elements — 2016

While 130 of the 160 respondents reported having capital expenditures in 2013, just 35 reported
REErelated capital expendituresith a total of $505 million Most of these expenditures were

attributable to a single respondent, which accountethéoe than 5@ercent of all REEelated



capital expendituresThirteen respondents reported that theiERElated capital expenditures

exceeded one million dollars 2#013.

Respondents were asked if their organizationo
by reductions in US@efense spnding in the past (2010 to 2Q18iture (2014 to 2018), or

both. Most respondents capital expenditures were not affected by reduced USG defense

spending, though 320 percent)ndicated that it had been or would be, witha2@hese

indicating it was an ongoing issu@ne large respondent with REElated capal expenditures
commentediSequestration has impacted the timing of the key DOD programs we currently

support and plan to supportinthe futurd n ot her r e s pratmrealdemandisvr ot e,

uncertain and we are reluctant to release capital until thieetriarmore cleax

Respondents were asked to describe any obstaclesrtéutbee procurement of new machinery,
technology, and/or facilities necessary for expanding REEr el at ed busi ness | i
on | nvest me noftén selemtedadtablefor bwtb smiall businesses aladger

businesseswith 41 respondents (Z&rcent) selecting {see Figure V12). When discussing this
category, one r eCurpenthnese pricimyeompatitaomneakes it viery

difficult to make a suffimnt ROI on capital purchases of new equanin facilities or

technology Operating costs must be held at current levels or even reduced to remain

competitive. o

The most significant barriers to enspecifict o s mal | businesses were 0L
6LIi cgmRBRemmitsoé, and O6Environment al Regul ati on:
small businesses selecting the problem outnumberedmati businesses, despite small

businesses representing under half of the overgiondents



Figure V-12: Obstacles to Future Procurement of
Capital Goods Necessary for Expansion
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VI. INNOVATION : SUBSTITUTION , RECYCLING , AND R&D

With supply chain constraints and price volatility among the leading challenges to organizations
working with REEs and REEelated productsecycling and substitutiomay offeropportunities

to help stabiliz&REE supply Recycling is defined as the safe removal of REE and Rét&ied

inputs from finished goods for reuse in new produ@sbstitution is defined as the act of

replacing a REE or REEelated input with another input.

Respondents detailed the strategdies/ enployedwith respect to recycling and substitutias
wellasconstraints | imiting their organizationos
substitution programsBIS alsocaptured data coveringrger trends in Research &

Development (R&Damong the rgmndents, with a particular focus on RE#ated business

lines and products.

Recycling

Respondents were asked whether they recycled REEs ord®Ed inputs as well as whether
they used recycled REEs or RiE#ated productsThirty-severnrespondent§23 percent)

recycled REEs or REEelaiedproducts, an@1 respondents2Q percentuse recycld REES or
REErelated productsThe organizations that responded that they recycle REEs were primarily
Commercial organizations §3espondents,Bpercent), wih three U.S. Government
Organizations and one Universaisopositively respondingAll sizes of organizations recycle
REEs or REFEelated productsOf the ¥ respondents who recycle, dBjanizationg35

percent) werdarge or very large, 1drganizaions (30 percent) vere small, sevearganizations

(19 percent) had no sales, and siganizationg16 percent) were mediusized (see Figure VI

1).



Figure VI-1: Recycling REEs or REE-related Products
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Source: U.S. Department of Commerce, Bureau of Industry and Security
Strategic Materials Assessment, Rare Earth Elements — 2016

Six organizationdistedrecycling agheir primary line of businesand another 14 listed it as an

addtional business lineFor the organizations thaionductedREE recyclingas an additional

line ofbusinesst he most often cited reason for doing s
and t o Oi ncr e arkeseang similardiormmemawegffened by REE or RE

related product manufacturers of all sizes.

Respondents were asked to identify the primaopititing factors to recyclingdCost6 a n d
0 Kpertisdwere cited as the most common constraints, ditland 14espondentsiting those
constrains, respectivelysee Figure VR). 6 Technol ogy 6 and O6Product Pe

third and fourth most cited constraints, walight andseven respondents.

While discussing the cost constraints of recycling low volumes of REEs:espondent

c o mme nThecdst of fi@cycling, and the technology and resources required to recycle REEs,



will not be economically attractive given the availability of primary REE om.si@dher
organizations commented that recycling was limited to certain elemeotsnpounds, and they
did not have the expertise to recycle their REEs and-REEed productsuch as polyphase
crystal or rare earttnagnets.Another factor not listedrasthe limited volumeof products

several respondents commented that the qyasftREES or REHelated products used on an

annual basis was too | ow to make recycling 6w

Figure VI-2: Constraints to Recycling:
Prohibiting Factors
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For those respondents who did not currently recycle REEs osrBBted products, thayere
further asked to assess the com@asy p e r c thefeasibiityya$ beginning REE recycling
programs.Of the 67respondents to the questidoyr respondergtbelieved implementing a
recycling program was feaséh(See Figure \¥B). Thirty-six respondent§23 percent)claimed
beginning a recycling program wablibe difficult and 18respondents (Lpercent)arguedt

would be impossibleThe respondents who ranked REE

recyc



Difficult, & o6Difficult, ofganzation®flalhszessnwli, bl e o

medium, large, and vg large).

Figure VI-3: Feasibility of Recycling REEs or

REE-Related Products
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Separately frofREE recycling capability, respondents were asked if their organizations used

recyclal REEs or REEelated productsSeventynine percent of respondernitslicatedthat they

did not use recycled REEs or RE&lated productsOf those 136 organizations that did not use

wer e

recycled REEs, 132 (98 percent) had no plans

20142018.

The organizations that did not use or plan to use recycled REEs or REE products were asked to

identify theprimary constraintso doing so (see Figure Ml). 6 P r o cerdioomancévas the

most frequently cited constraint to using recycled RE#th 24 respondents citing it as their

primary constraintéd Ex p e Qtuiad e f6 cati on

St a als éstediby 2, 841, and

0 C



and eight respondents, respectivélyhen asked to elaborate, one respondent commented that
AProduct performaAnet hernobéespondphabtemmented
remains available, requalifying recycled REE wbnbt be costeffeste, 6 whi |l e a third

respondent beliekthatfirecycling costs are higher than mining casts.

Figure VI-4: Primary Constraints to the Use of
Recycled REEs

Product Performance
Expertise
QA/QC/Standards

Cost

Technology

ROl
Infrastructure/PP&E/Tooling

Environmental/Waste

0 5 10 15 20 25 30
Number of Respondents

Source: U.S. Department of Commerce, Bureau of Industry and Security
Strategic Materials Assessment, Rare Earth Elements — 2016

Substitution

Resmndents were asked if their organization substituted REEs with differerds ®EBHRREE
materials. Only 13 respondentse(ght percent) substituted REEs with different REESs,-R&E

maerials, or both (see Figure A\3)).

However, a higher percentage of organizations responded that they usezrspcodtaining
REE substitutesFifteen respondents (nine percent) use petgthat contain REE subtutes.

Of those fifteen organizations using products containing REE substitOtesre commercial



organizationgprimarily working in manufacturing, distriftion, or end use/application¥he five
remaining organizations using EEBubstitutes were U.S. Governmerganizations or

Universities conducting R&D.

Figure VI-5: Substitution of REEs
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The respondents who did not substitute RBEsse products with REE substitutesreaskedo
identify the primary constraint to substituting REEs with different REE®REE products
The most commonly cited constramere similar for both areas, withP r o cerfioomiancé
being the most noted constra{see Figure \(6). Respondents were vocal about their inability
to substitute REEs due to théaritical performaced attributes. For example, one respondent

c o mme nNeedgmiumiis the strongest natural magnetic material, there is no substitute
available with the strength or [we would] already be using it in our magm®ts using products
with substitutes, anothr  r e s p 0 n @eeami magnet® dreemuch fiveaker than REE

magnetd erd product performance would Bgnificantly different @ther elements



specificallycited for their uique performance attributes were Ceridgrhium, Yttrium,and

Ytterbium

The second and third most cited constraints to REE substitutiond@ired (20 respondenis

and 6Technol oglyoOt({he&r d ecpoagemitss focused on
substitutes for specific elements such as Cerium or Lanthamgiditionalrespondents focused

on the challenges associated witlyra a | i f yi n g REiBtingsptobusts aretqualifieds : A

to military, space and medical regulatory agencies such as [the] Material changes amot

allowedi would require rqualification of tke productline Bor o6 Technol ogyé, the

explanation was that the technology did not exist to substitute for the REEs in question.

Figure VI-6: Constraints to Substituting REEs
with Different REEs or Non-REE Materials
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Respondents who did not use products containing REE substitete also asked to indicate the

feasibility of ising REE substitutes or productentaining REE substituteBighteen



respondents (27 percent) indicated that it was impossible to use substitutgésgaesiondents
(14 percent) indicated that it would be difficuRive respondentsgvenpercent) indicatethat

using REE substitutes was feasible or somewhat diffiage Figure \A7).

Figure VI-7: Feasibility of Using REE Substitutes
or Products Containing Substitutes
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Source: U.S. Department of Commerce, Bureau of Industry and Security

Research & Development

Overall researcanddevelopmen{R&D) expenditures were relatively stable between 2010 and
2013 peaking at $6 billioin 2012(see Figure \*B). Respondents also reported type of R&D
undertaken, which was also relatively stable and evenly spFeattwo percent oR&D

funding was devoted tApplied Research in 2013, up from 41 percent in 200 portion of



funding devoted t®asic Researctoseslightly from 30 to 31 percent, while Product/Process

Development decreased slightly fromt®&7 percent of total R&D funding

Figure VI-8: Aggregate R&D Expenditures
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$7,000

$6,000

ons

$5,000

& ©>
w >
o o
(=] (=]
o o

$2,000 -

$0

2010 2011 2012 2013

m Basic Research Applied Research Product/Process Development

&D Expenditures, in Mill

Source: U.S. Department of Commerce, Bureau of Industry and Security

Strategic Materials Assessment, Rare Earth Elements — 2016

At an individual respondent levehost R&D was not directed toward RERecific areas.
While 111 respondents had R&Rpenditures in 2013, just 61 reported R&D expenditures for
their REErelated business lines, and these expenditures totaled $254 éndipproxiatelyfour

percent of the total R&D expenditures.

Expenditures were highly concentrated, vitiree large resechoriented organizations
accouning for over half of the total R&D expendituré®m 2010 to 2013 Two of these
organizations reported no REpecific R&D expenditures, while the third spent roughly 10

percent of their overall R&D budget on RE&atedR&D.



In order to better understand what types of organizationsmesefocused oR&D, BIS

calculated the median expenditure as a percent of net sales for each business line in the value
chain step.This calculation created an indicator of R&D expémdi intensity, whiclvaried

greatly across the business linéehose respadentsdentifying R&D specifically as one of their
business linespent a much higher percentage of their sales on R&D than did other organizations
working in other stgs of the alue chain, with the medid®&D intensity forthe R&D business

line calculated ag3 percent (see Figure ). The R&D expenditure intensity dropped
significantlyfrom there. The secondthird, andfourth, businss lines End-Use/Application,
Manufactuing, and Processingrepresented R&D expenditures of six, four, and three percent of

their net sales.

Figure VI-9: R&D Intensity by Primary Business Line
Median R&D Expenditures as a Percent of Net Sales
ReD (12) I 2>
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Strateg erials Assessment, Rare Earth Elements — 2016

The source of R&D funidg was predominantly internaln 2013,81.3per cent of r espol

R&D funding soures were reported as interndlhirteenpercent of RD funding came from



the U.S.Government, while 3.fercent came from U.S. industry (see FigurelQ). Thirty-five
organizations received federal R&D funding, and 18 of these hadr&E&ted expenditures.
Unsurprisingly, these respondentsded to have moremvolvement withthe USG across their
business.The 18 respondents with REElated R&D expenditures and federal R&D funding
listed 97 USG programs they supported (overguarter of the total), and 43 percent of all

reported REEelatedsales to the USG.

Figure VI-10: R&D Funding Sources

Average source of R&D funding, 2013
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Outside of these UScused respondents, relatively little R&D as a whole was focused on
defense uses or REElated business lines. Total defenskated R&D expenditures were

roughly $500 million annually under ten percent ofldR&D expenditures. REfelated R&D

was performed at a lower rate, though it rose from $175 million in 2010 to $254 million in 2013

(see Figure IV11).



Figure VI-11: Estimated R&D Expenditures
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BIS asked respondents if their defemskated R&D shaped the development of their commercial
lines(see Figure \A12). Mostresponded No 6 or O Not 22&gspohdentsélb | e 6, bu
percent) indicated that their deferredated R&D did shape their commercial lindgearly all of

these 22 respondents supported a USG agency, while other categogie@gtwally evenly split.

Those respondeniisdicating that their defenselated R&D shaped their commercial lines

represented several business lines (Manufacturers antdggidpplication predominantly) and

worked on several product lines, such as aptiain films, fiber laser technologies, and next

generation magnets.



Figure VI-12: Does defense-related R&D shape
the development of your commercial product line?
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Respondents werg@soasked if their organizations performed any R&D activities related to REE
recycling or substitutionA total of 20 respondents indicated they performed REE ¢log or
substitution R&D, with five doing both, eight performing recycling R&D only, and seven
performing substitution R&D onlyMost of these organizations were devoting little to REE
recycling or substitution R&Dwyith 12 reporting five percent of lesd their R&D expenditures
focused on this areddowever, five respondents did note that over-thmil of their R&D
expenditures were targeted at REE recycling or substitu@ore of these respondents indicated
that their R&D evalpmdntmiccoseffeaive procestels ® sepadate rare
earth from electronic and industrial sourgesghile another noted the recovery of REEs from

fluorescent lamps as an area of focus.



VIl . SUPPORT FOR U.S.GOVERNMENT AGENCIES

TheU.S. Government{SG) isan important source of business for maggpondent
organizationsparticularly for defense applicationélthough the period from 2010 to 2013 was
one of diminishing overall sales to thiSG, thesetransactionstill accounted for nearly one
third of all reported sales in 2013ne hundred twof the 0 respondent§s4 percentyxeported

that they provided support to at least one USG agency from 201030 201

The greatest number of resplemts supported the Department of Defense (DOD) Service
Branchesthe Department of Energy, Missile Defense Agemy the National Aeronautics and
Space Administigon (NASA) (see Figure ViL). dOtheBagencies includethe Defense
Advanced Research Projects AgenbARPA), theEnvironmental Protection AgencigRA),

theNational Institutes of HealtiNJH), and theNational Science FoundatioN$F).

Figure VII-1: Support for USG Agencies
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Respondents were asked if their organizations considered themselves dependent on USG
programs for continued viabilityTo more accurately portray potential dependencthe USG,
BIS also added a calculated measure of dependence, using a threshold of&aple@stniof

sales to the USGTwenty-two respondents @lpercent) were both seffeclared and calculated
by BIS to bedependent on the USQ.welve additional repondentsgightpercent) were
calculated to be dependent on the USG, while thirteen respondents (eight percent) declared
themselves dependent but were not determined byd8 so providing a total of 4

respondents that were dependent on the ($8€Figure VII-2).

Figure VII-2: Dependence on USG for Viability
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The types of organizations dependent on the USG for continabtityi (both selfdetermined
andcalculated by BIS) varied across size and businessWhgle most business lines were
represented in these respondegtits lines with thgreater proportions of USGependent

respondents were Substitution, R&D, and Recycling, with a combined 46 percent of respondents



identified as potentially dependent on the USG for continued viabRgspondents from these
categories offered further pbanation for teir dependence on USG prograni®r example, one
organi zation wor ki Rederal gnantfRa&dcontracts ane aniticas fdr resefrch
funding @&notherrespondemt ot ed t hei r ef f ointheeatlyadaysl 100 er si f vy
percentof our business was dad on US. Government programs/Ne are working to reduce
dependency on 3. Government pragms but those programs still represenighly 60 percent

of our business activitg.

A significant number of th&02respondents supporg USG ageneswere dependent on the

USG for their continued viability. Over half of the respondents supporting four USG agencies
were dependent on the USG, including nearly ttopesrters of those supporting the Missile
Defense Agency (see Figure ). USG dependent respondents also tended towititknore

USG agencies than other respondents, supporting an average of nearlyiealf0 USG

agencies listedRespondents not dependent on the USG supported, on average, under two USG

agencies.
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For those respondents supporting USG programs, BIS asked if their orgazBtRinspecific
REErelated business lines were integrateth or separate from their commercial operations
Sixty-one respondentsad REErelated business lines that were ingggd betweetheir DOD
and commerciabusineses. Fifteen respondents indicated that their RERted business lines
were separateRespondents dependent on the USG were more lidigve separate business

lines, reporting separate lines at nearlycewhe rate of those not dependent on the USG

BIS alsoasked respondentsttieir organization could readily convert government business lines
to commercial ones in the caseaodudden or steep decline in USG demand for-Ritded

products and/or seres(see Figure VH4). Sixty-five respondents (41 percent) indicated that
their REErelated business lines were convertible from USG to commernatty respondents

(19 percent) indicated that they could not convert their R&l&ted business linesofn USG to

commercial.



Figure VII-4: REE-related Products/Services
Convertible from USG to Commercial
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The ability of respondents to convert RE#ated business lines in the event of a steep decline in
USG demand was fairly consistent across resporsiestategoriegsee Figure VH5). Size
categories were determinbg sales. Very largecompanies were the most convertib&x of

the 10 very largeompanieg60 percentwere able to convert their USG business lines to
commercial in the event of a steep decline in USG dem&nthll companies were less versatile
butalsomore alindant. Twenty-five of 74 small companie33 percentyere able to convert

their USG business lines to commercial business lines in the event of stiep idddSG
demand.Fifty-seven percent of mediusized companieand fortyeight percenof large

companies could switch USG business lines to commercial business lines



Figure VII-5: Convertibility of USG Business Lines
to Commercial by Organization Size
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In general respondents closer to the end of the value chain were more likely to be able to readily
convert government business lines to commercial ones (see FigeBg \Respondets focused

on Substitution, Recycling, Distribution, and Eddes were all more likely to be able to convert
USG business lines to commercial tlzaaas like Extraction, Exploration, R&D, and Processing,

perhaps reflecting the more capitadlensive naturef the latter business lines.



Figure VII-6: Convertibility of USG Business Lines
to Commercial
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Respondents were askedndicatehow vulnerable their REEelated business lines were in
response to vaability in several sources of demahnd)SG defense, USG natefense, and
CommercialAcr oss t he b oREErlatedbesiagssdimed shawedsniore
vulnerability to demand fluctuations than RREE lines (see Figure \(i). Of these,

commercial REE andon-REE-related business lines showed the highest vulnerability to sudden
shiftsin demandSeventysix responénts @8 percent) indicated that théREE-related business
lines were vulnerable to variability in commetal@mandFifty-seven respondents (pércent)
indicated that theinon-REE-related business lines were vulnerable to variability in commercial

denmand.



Figure VII-7: Demand Dependence
Vulnerability to Variability in Demand
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VIII : TRADE

The REE and REEelated products marketplace is glghaith many REEs originally mined

abroad particularly in Chind and many products containing REEs manufactured in the U.S.

and sold around the worldn order to understandthiee s pondent sé acti vities
marketplace, BIS asked a series of questions about imports and exports of REES, with a special
focus on the DENTY element®espondents were asked to detail their importing and exporting
activitiesof REErelatedore, compounds, and metatsterms of quantity, value, material

product, and courirs oftrading partners.

Respondents were also askedtientify trends in trading REE products and anticipated
challenges in doing so in the futur®IS also asked a ges of hypothetical questioms
potentialchangesn the production and supply BfEEsin order to better understand the
respondent gherespodure to ohlargies inthe way REEs are supplied, both

domestically and internationally

Imports

Sixty-six respondents indicated they imported REekted ore, mixed compound, inorganic
purified compound, organic purified compound, mixed metal, and/or purified metal between
2010 and2013 Most importing respondents (46) imported from a single countri, @Gltina
accounting for 28 (61 percent) of these single country imporadrdut five of the remaining
importers imported from two countriesnd only two respondents with multiple countries of

import did not import from China



Respondents identifiedtatal of 14 countries from which they imported these R&l&ted

items where the country of origin and the type of REE imported equaletbtalafa
combination o250 countryandREE paimgs(see Figure VIH1). Among the DENTY REEs,
Neodymium washe most common import, listed 66 times from 11 countrig®ium imports
were notable as the element least concentrated in China; while nine respondents imported
Erbium from China, five imported it from Canadalahree from Japan and the U.Ror every
other REE China accounted for more than twice as many import identifications as the next

closest country.








































































