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Importance of Critical Minerals to American Innovation

e The US is import-dependent for 31 of 35 critical
materials

e More importantly, the US relies on imports for CM-
bearing technological components and finished
oroducts used in:

e Information & Communication Technologies
e |ndividual & Public Transportation Vehicles

e Scientific & Medical Instrumentation

* Energy Generation & Storage

% e Military Technologies
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Importance to American Innovation

Understanding our present
predicament

So what do we do?
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FRONTIERS

FROM TERRESTRIAL SUBSOILS
TO LUNAR LANDSCAPES

Highlights:

Based on five years ot in-depth
tieldwork and mixed methods research
in China, US, Brazil, and Germany

Resource extraction is inseparable from
the politics of sacrifice, but we can
change this

Basis ot policy work to support
sustainable rare earth sourcing

Winner, 2017 Meridian Award (AAG)



Hundreds of known deposits
documented by USGS




?
ere should we get our rare earth elements?
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Scrape up the ocean
floor?



RESEARCH SITES, 2010-2015
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Small-scale miners in the Brazilian Arﬁazoﬁ;
photo courtesy of interviewee, 2014

Collecting soil

, samples
) downstream from a
S . ;- > Yoo - . . .
Day laborers take a lunch break in Bayan Obo mining site in

S(;urce: http://assets.knowledge.éIIianz.de/img/chinz;_workers_v;/ind_turbinAe_'1758’8.jpg N O rt h ern C h | Na
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China Northern Rare Earth Headquarters, Baotou






What does it actually take to build a global monopoly
over rare earth mining and processing?
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Planning,

Investment,
&
International |
Cooperation
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Extraction at the'Bavan Obo Mine, 1959



Sources: https://chineseposters.net/
themes/dengxiaoping.php http://
www.historicalportraits.com/
Gallery.asp?
Page=Item&ItemID=785&Desc=Margar
et-Thatcher-PM-|-June-Mendoza
http://www.artnet.com/magazineus/
features/grant/painting-the-
president6-24-10_detail.asp?
picnum=12

Other countries must
choose to transter their
industries, disinvest in
competitive R&D, and
remove incentives for
cleaner production at home



Bayan Obo Mine, 1959 Bayan Obo Mining Complex, 2012

Source: NASA 2012
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Global Rare Earth Oxide Production
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But at what cost?
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“Western Electronics, Chinese Mines” Der Spiegel. October 27, 2010

http://www.spiegel.de/international/business/western-electronics-chinese-mines-german-industry-feels-rare-earth-metals-squeeze-a-725606.html

Skeletal Fluorosis - “Long Tooth Disease” - Acute Chronic Arsenic Toxicity 19
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Tailings pond, Bayan Obo Mine, Inner Mongolia Autonomous Region
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Clean Energy's Dirty Little Secret

ybrid cars and

Every maJOr 'I:Orm O'F energy ATIONAL REVIEW

generation—nuclear, fossil, big
E nydropower, and renewable—
relies to some extent on rare

earth elements

Big Wind’
and Radic
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Let's avoid re-creating this at home.

In the 21st century, this is a preposterous price
to pay for innovation.

There is nothing innovative about the wholesale
destruction of landscapes and lives—even in the

name of critical materials security
| —— [ EEE———
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Abandoned office building of private mine in Inner Mongolia, 2013



 Reduce domestic mining
output

e Clean up contaminated sites

e Import from new mines
opening overseas

Emphasize value-addeo

China Became Net Importer of Rare
Earths in 2018 procegging

Increase R&D in technological
applications

 Enhance profile of high-tech
Shqelelg
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What do we do to achieve critical minerals sustainability in the United
States?
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The Status Quo

E-waste in G)‘

Dig a big hole somewhere new Build a trash mountain, but NIMBY
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Re-imagine our future

Engage with communities in Appalachia and the Eastern
U.S. to collaboratively envision and design our pathway
forward

Dare to think beyond the election cycle, while addressing
the livelihood needs of the present

Connect with established institutions and community organizers
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Recycle

Currently, less than 1% of all rare earths (and 12% of all
electronics) consumed are recycleo

Important achievements by US researchers have not been
scaled up to unlock new and sustainable sources of rare earths
and other critical materials
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Repatriate

Rebuild industrial and research capacity in the US

Invest in the entire supply chain, not just the first stages, in order to revive
and stimulate innovative R&D

Develop programs to pilot and deploy innovations at a national scale
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Create a regulatory environment that rewards upstream firms for
socially and environmentally responsible mining and processing

Provide tax incentives for downstream firms to purchase certified clean rare
earth elements

Work at local, state, regional, and federal level to create a clean, hi-
tech, and functionally renewable rare earth supply chain in the US

Legislate
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Discarded cell phones, South Africa

Source: https://www.iol.co.za/mercury/there-is-gold-in-them-e-mountains-1357231
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