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Foreword

When the Eisenhower School for National Security and Resource Strategy Class of 2020
started the school year, each of the approximately 300 students felt a rush of excitement peppered
with uncertainty. A majority of the incoming class had been away from traditional academia for
several years, even decades. As students embraced academia and started to flourish, the
excitement returned as the second semester included the coveted industry travel, which was the
allure that brought many of the students to Eisenhower. But, like the start of the school, uncertainty
returned in the form COVID-19. At first, COVID-19 was a far-reaching idea that was only
affecting China, but very quickly as the virus spread, the reality set in that the virus was going to
have huge impacts on the world and the way we learn. Each day the uncertainty grew, as did the
precautions added by Eisenhower to protect students and their families. At the same time, we
watched our coursework on mobilization unfold in front of us on a national level in real-time.

The academic theories on mobilization quickly became a reality, and the students of the
Eisenhower school quickly understood the value of the education they were receiving. On a
personal level, the impacts of the virus were immediate. First, came the cancellation of core travel.
Second, was the move to a virtual platform for learning meant we lost connection with our faculty
and classmates and industry. With excellent credit to the faculty, they quickly adapted to enhance
our learning in this challenging environment. Our connections and efforts ensured that we still
were able to interact with our industry partners in the virtual world. While we achieved the learning
objectives, the shift to virtual learning simply cannot replace real-world learning, especially in the
strategic materials landscape.

In many cases, we do not readily see strategic materials, and their applications are rarely
understood. The virtual environment could not replicate the first-hand knowledge of seeing the
processing and extraction in a mine. The most significant loss was the interactions with experts in
the field, not only the senior leaders but the workers and middle management that are key to the
success. The hope is that next year's class will be able to benefit from the industry travel, which
makes the Eisenhower education unique. Rest assured, the education that students receive from
the Eisenhower School, regardless of how the platform will pay dividends. Each graduate of the
Eisenhower School, armed with their knowledge, will influence change and excel as civil leaders
by applying the founding virtues and standards of the Eisenhower School.
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Strategic Materials (STRATMAT) 2020

ABSTRACT: Strategic materials are found everywhere in modern society — in smartphones and
consumer electronics; in guidance systems for precision munitions and other weapon systems;
and in windmills and solar panels that provide alternative energy sources. 21st century life as we
know it would not exist without critical minerals such as rare earth elements. The United States
dominated world production for many of these materials until the 1990s. Following the end of
the Cold War and decades of increased economic globalization, the U.S. now finds itself reliant
on foreign sources for these important minerals, primarily from the People’s Republic of China.
This report focuses on the national security importance of strategic materials, identifies
vulnerabilities inherent in the current global supply chain, and makes policy recommendations
to strengthen national security.

NOTE: The COVID-19 pandemic of 2020 directly impacted Eisenhower School operations by
curtailing planned industry travel and forcing a transition to online instruction starting in mid-
March 2020. The virus response exposed the many risks of global supply chains and over-
reliance on any one country for critical materials and products. Eisenhower School students
watched academic theories on mobilization quickly become reality as tools like the Defense
Production Act became part of the daily national news cycle. As the world continues to rapidly
change as a result of COVID-19, the mining and processing industries that provide strategic
materials will certainly be impacted in both predictable and unforeseen ways.
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Industry Study Outreach and Field Studies
The STRATMAT team would like to extend a heartfelt thanks to all of the industry, government,
academic and international leaders in this area who took time out of their busy schedules to
educate, inform and promote creative thought within our team.
Guest Speakers:
Roderick Eggert, Colorado School of Mines
Jeffrey Green, J.A. Green & Company
Walt Hudson, Attorney — Mining Law
Joanne Littlefair, U.S. Department of Commerce
Eric Mata, Defense Logistics Agency — Strategic Materials
Dan McGroarty, Consultant in Critical Minerals
George Pullen, U.S. Commodity Futures Trading Commission
Michael Rosenthal, MP Materials
Gary Stanley, U.S. Department of Commerce
Mindy Vogel, U.S. Forrest Service
Matthew Zolnowski, Office of the Secretary of Defense

Field Studies — Domestic:
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Jinfang Liu, President & CEO

Scott Murr, Director of Business Development
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Martyn Acreman, Market Director of Defense

Jeffrey Campbell, Senior Engineer

Zach Feffer, Engineering Supervisor

Don Hashiguchi, Principle Engineer Technology & Innovation

Jerry Homan, Staff Engineer

Steve Hoover, Operations Manager

Terry Pisarelli, Operations Manager

Lawrence Ryczek, Vice President of Aerospace & Defense

Sandra Shearon, Senior Administrative Assistant

Keith Smith, Vice President Technology & Government Business Development
Wesley White, Director of Business Development for Aerospace & Defense
Jamie Whitten, Production Supervisor

U.S. Geological Survey

John DeYoung, Scientist Emeritus

Joe Gambogi, Mineral Commodity Specialist

Michael George, Assistant Chief, Mineral Commaodities Section
Nedal Nassar, Chief, Materials Flow Analysis Section
Elizabeth Sangine, Chief, Mineral Commodities Section

Page 4 of 58



Table of Contents

Introduction
- Purpose
- Summary of Findings

Strategic Materials and Implications for National Security

U.S. Industrial Policy
- History of Business-Government Relations in Strategic Materials
- Social, Environmental, and Ethical Issues in Strategic Materials
- Legal Hurdles to the U.S. Mining Industry
- Acquisition and Mobilization (National Defense Stockpile & Defense
Production Act (DPA))

Structure, Conduct, and Performance of the U.S. Mining Industry
- Porter’s Five Forces Analysis
- Firm Behavior in the U.S. Mining Industry
- Financial Performance in the U.S. Mining Industry

Current Business Risks and Trends in U.S. Mining and Metals (SWOT
Analysis)

- Innovation as a Strength

- Workforce as a Weakness

- Green Economy Demand as an Opportunity

- License to Operate as a Threat

Industrial Mining Policy Shaping the Great Power Competition
- Chinese Industrial Policy in Strategic Materials
- Russian Industrial Policy in Strategic Materials

Policy Recommendations

Conclusion

Page 5 of 58



vV

Vil

Vi

Appendices
Acronym List
Supply Chain Risks Essay
Chart - 2019 U.S. Net Import Reliance on Critical Minerals
Figure 3 — Current Status of DLA Stockpiles
Figure 4 — DLA Stockpiled Commodities Over Time
Essay — Innovation in Strategic Materials
U.S. National Innovation System in Strategic Materials
Sources of Innovation in Strategic Materials
Information Technology & the Future of Mining

Essay — Human Capital as a Source of Competitive Advantage

Strategic Materials Firm Briefs

Page 6 of 58



Introduction

Purpose

The mission of the Eisenhower School for National Security and Resource Strategy is to
inform senior leaders from across the military and civilian agencies how to effectively evaluate,
marshal, and manage resources in order to execute national security strategy.® A key component
of the curriculum includes Industry Studies, wherein students explore key segments of the U.S.
and global industrial base in order to discover how those segments impact national security
resource requirements. The Strategic Materials Industry Study seminar focuses exclusively on
critical non-fuel minerals and their importance to defense and non-defense industries.> During the
Academic Year 2020, the team examined how these critical minerals are explored, extracted,
refined, and incorporated into an ever-increasing array of high-tech products, including sustainable
energy, commercial and defense applications. Moreover, the seminar investigated the supply
chain for critical minerals and compared the various policies governments around the world
employ to ensure current and future access to scarce resources. During the course of its research,
the Strategic Materials Industry Study collaborated with various stakeholders from government,
industry, and academia in the National Capital Region, Ohio, Colorado, and California; in doing
so the seminar gained a comprehensive understanding of the opportunities and challenges
associated with growing and maintaining a healthy industrial base for strategic materials in order
to provide for the nation’s economic prosperity and national security.

Summary of Findings

The use of minerals has always defined societies. From the Bronze Age to what some
scientists are calling the “Rare Metal Age” of the early 2000s, minerals play a key role in the
technologies people use to live, work and play.® Today, the new and innovative uses for minerals
are pushing the boundaries of technology in ways that couldn’t have been imagined 20 years ago.
In fact, “at no point in human history have we used more elements, in more combinations, and in
increasingly refined amounts.”* However, the increasing demand for minerals has magnified the
issues surrounding domestic and international supply, as well as shone a spotlight on how strategic
and critical materials can impact a country’s national and economic security.

Critical materials are those nonfuel minerals that are essential to the economy, while
strategic minerals are those used in defense applications. Both are characterized by supply chains
that may be vulnerable to disruption and the absence of which could have grave consequences for
national security or the economy. Although the United States (U.S.) is undeniably blessed with
an abundance of natural mineral wealth, the last three decades have seen the U.S. go from a world
leader in extraction and exports of strategic minerals to the world’s greatest importer. In response
to the threat this poses to U.S. supply chains that rely on strategic minerals, Executive Order 13817,
titled A Federal Strategy to Ensure Secure and Reliable Supplies of Critical Minerals, was released
in 2017. It established policy goals of identifying new sources of material, increasing production
across the entire supply chain, improving industry access to mapping data, and streamlining the
permitting process. The Department of Commerce followed suit in 2019 with its comprehensive
call to action plan to secure the supply of critical minerals as well as increase the resiliency of the
supply chain both at home and abroad.

Yet more work remains in order to stimulate a vibrant commercial domestic mining
industry in the U.S. The U.S. faces complicated challenges stemming from (a) the high costs
associated with the capital intensive nature of the industry, (b) industrial practices in other
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countries that often make it cheaper to extract or process minerals abroad than in the U.S., (c) labor
shortages in key STEM fields needed to produce innovation breakthroughs in processing and
smelting methodologies, (d) permitting processes that can take years to resolve, and (e) a long
history with companies shirking environmental and social responsibilities. Furthermore, the
industrial policies of China and Russia with respect to strategic minerals often exacerbate the
tension inherent in great power competition.

Therefore, this paper lays out a series of recommendations designed to correct several
market failures and further stimulate the domestic mining industry. In order to increase
participation by new firms, the Seminar recommends modernizing the rental permitting payment
structure, allowing the pooling of reclamation bonds, entering into long-term contracts with U.S.
companies to provide critical minerals for the National Strategic Stockpile, and enacting legislation
that approves federal mining permits if a decision is not provided by the responsible agency within
180 days. In order to address market inefficiencies due to externalities, the Seminar recommends
taxing certain imports of strategic minerals and collecting federal mining royalties that could be
used to offset federal responsibilities such as cleaning up abandoned mines. Finally, since private
markets underinvest in actions with public good outcomes, the Seminar recommends re-instituting
the Bureau of Mines (to prioritize and coordinate mining research and innovation activities),
adding the Department of the Interior to the board of CFIUS, requiring mandatory geological
reporting as a condition of mining Plan of Operation acceptance, funding mining-related STEM
scholarships, promoting public awareness of the importance of minerals in low-carbon energy
sources, and finally establish the Rare Earth Minerals Initiative with other like-minded nations in
order to demand transparency, rule of law, anti-corruption measures, open markets, and respect
for labor and environmental standards.
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Strategic Materials and Implications for National Security

Materials alone do not equate to power. Power arises from the possibility of turning
materials into technologies and, ultimately, capabilities. These especially important materials are
strategic or critical materials. Strategic Materials include minerals, metals, and byproducts, which
are domestically and globally traded commodities. Prior to 2018 and because a material’s value
is in the eye of the beholder, organizations with the U.S. Government (USG) had individual lists
of minerals critical to each agency’s mission. Furthermore, the priorities of critical materials shift
periodically depending on technology, research and development (R&D), and available reserves.
Executive Order 13817 defines critical materials as those nonfuel minerals that are essential to the
economy, while strategic minerals are those used in defense applications.®> Both are characterized
by supply chains that may be vulnerable to disruption and the absence of which could have grave
consequences for national security or the economy.

Americans born in 2013 “will consume three million pounds of minerals, metals, and fuels
over [their] lifetimes.”® Iron ore makes steel for planes, trains, automobiles, and buildings.’
Copper is used in electronic parts, electricity infrastructure, and plumbing.® Rare earth elements
(REE) are critical for cell phones, flat-screen televisions, batteries for electric vehicles, and
magnets for wind turbines.® Domestic mining is, indeed, critical to the U.S. economy. In 2019,
domestic mining produced about $86.3 billion in raw materials.’® These raw materials were then
consumed by several downstream industries (e.g., defense and construction), which added about
$3.13 trillion in value to U.S. gross domestic product (GDP) in 2019 ($21.43 trillion).!

As a result, the defense sector competes with the commercial sector for the same critical
minerals. The importance of these two vectors stimulates the U.S. to secure a secure supply of
critical minerals. (See Appendix Il for supply chain risk essay.) Although the country is rich with
mineral resources, it is reliant on the import of many of the critical minerals from countries such
as China, Chile, Australia, and the Democratic Republic of the Congo. (See Appendix 111 for U.S.
import reliance chart.) The goal is to reduce if not eliminate the vulnerability to disruption of the
critical minerals’ supply chain: “[O]ur nation’s mission [is] to reduce our vulnerability to
disruptions in the supply of critical minerals. Any shortage of these resources constitutes a
strategic vulnerability for the security and prosperity of the United States”*2

Moreover, in the area of critical minerals, the United States, China and much of the rest of
the world are today — to paraphrase Joseph Nye and Robert Keohane — stuck in an international
relationship defined by interdependence.'® The sum total of our international transactions — the
flow of goods, resources, money, and so on — is such that we are beyond interconnected, a situation
where we engage in the exchange but are free to act independently without significant cost,* but
instead we are interdependent because the exchange leaves us in a situation of mutual dependence.
Neither side can act independently. We depend on China to process rare earths and other strategic
materials. China depends on us for markets in which to sell Chinese-made goods, access to capital,
and technology.

The U.S. is cooperating with two allies to mitigate the strategic vulnerability of its critical
mineral supply chain. First, the U.S. and Canada launched the U.S. - Canada Critical Minerals
Action Plan in January 2020, dedicated to “securing the supply of critical minerals for strategic
industries and defense; improving information sharing on critical mineral resources; engaging with
the private sector; and working together in multilateral fora and with third countries.”*® Defense
funding for critical minerals projects, and strategic investments in North American processing
facilities, were reported to be key parts of the joint plan.
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The U.S. and Australia are working closely together to create a critical minerals supply
chain independent of China. Australian mining company Lynas — the largest rare earths company
outside China — is partnering with an American company to build a new rare earth processing plant
in Texas that they hope will receive funding from the Pentagon. At the governmental level, the
United States and Australia have launched the U.S.-Australia Critical Minerals Action Plan to
improve the security and supply of rare earths and other critical minerals.

U.S. Industrial Policy

History of Business-Government Relations in Strategic Materials

According to the Congressional Research Service, the goal of U.S. policy towards strategic
materials is “to promote an adequate, stable, and reliable supply of materials for U.S. national
security, economic well-being, and industrial production.”® This current policy has gradually
coalesced since the 1872 National Mining Law through a series of incentives to promote domestic
production, regulations to manage the industry, a national stockpile to protect the defense industrial
base, and more recently, steps to protect the foreign supply of materials.*’

A key component of the 1872 law that incentivized mining was, and continues to be,
indirect subsidies. A claim owner on federal land may extract minerals without paying rent or
royalties to the government, making the land use and title to the minerals essentially free. If a
miner seeks to establish exclusive title to a claim through a process called patenting, it only costs
between $2.50 and $5.00 per acre. This is another indirect subsidy as the claimant is paying far
less than the market value for the mineral rights. A third subsidy takes the form of tax incentives
including the depletion allowance of mineral resources. Another important incentive is the ability
to write off the costs associated with exploration and development.*®

In addition to subsidies, an agency came into being in 1910 that would impact strategic
materials policy for most of the 20th century. In 1907, a spike of over three thousand coal mining
fatalities caught the attention of the populace and led the Sixty-first Congress to establish the
Bureau of Mines (USBM) three years later. Its original commission was to improve mine safety,
test coal for the government, and reduce fatalities. This was expanded in 1913 to include economic
development of the mining industry, conservation, and the study of mineral processing. The
USBM quickly became respected as the world leader in mineral information. Its early research
led to multiple innovations including low-cost radium for healthcare. The bureau also developed
gas masks, explosives, and critical mineral extraction technology that proved essential for World
War 1.1° While the new agency gained its footing, strategic materials policy began an irreversible
march towards national defense.

The 1939 Strategic and Critical Materials Stock Piling Act directed the USBM to conduct
research on, “mining, preparation, treatment, and utilization of ores essential to national defense
and industrial needs.”?® Geologists and engineers from the bureau evaluated hundreds of potential
ore deposits for the war effort and discovered numerous low-grade reserves. The agency’s
metallurgists then tackled the challenge of extracting the minerals locked in the lower-grade ore.
Finding and assessing mineral resources on public lands remained an important mission of the
USBM for the remainder of its existence.?!

As the country embraced the challenges of World War |1, the War Production Board (WPB)
assisted domestic industries in getting their most important strategic materials needs met. This
involved the systematic prioritization and allocation of scarce resources. It is important to note
that this effort did not devolve into a command economy like the Soviet Union. Instead, the WPB
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and the Roosevelt administration developed a distinctive economic framework whereby the
government injected significant regulation, oversight, support and funding. However, control of
individual industries was left mostly to private businesses that fully leveraged free market
incentives and the immense flow of government spending.??

Worldwide sourcing was a key wartime policy in acquiring commodities not available
domestically. Out of the three major materials deemed strategic during the war, steel and
aluminum were sourced and produced primarily with U.S. ore and production facilities. Copper
presented a much different problem. The U.S. produced less than two percent of the copper needed
for war production, even after significant financing to expand existing mines and open new mines
that eventually totaled 270 in operation. To curb demand, the WPB substituted silver in many
applications, which was more expensive but readily available.? Most of the copper shortfall was
made up by foreign sources, most significantly Chile, Mexico, Peru and the Belgian Congo. Chile
diverted much of its copper sales from Europe during the war, with exports to the U.S. more than
tripling. Similarly, the Belgian Congo shifted most of its copper exports to the U.S. after European
markets were cut off.?

After the war, Congress continued USBM funding to further develop mineral extraction
technology from low-grade ore. The bureau had multiple production plants and demonstration
projects operating by 1950. Its research center in Albany developed a process named after Dr.
William Kroll to refine hafnium, zirconium and titanium. The facility also refined the zirconium
used in the first U.S. nuclear submarine, and its production technology helped create the U.S.
industry for the same metal as well as titanium.?

The midpoint of the century also saw the start of the Mountain Pass Mine in California
after a nearby discovery of bastnaesite ore. Demand for rare earth elements (REEs) was increasing
and bastnaesite was found to contain them in relatively high concentrations. The mine began
producing in 1954 and was the world’s leading extractor of REEs between 1965 and 1995.2
According to geographer Julie Klinger of Boston University, the discovery and production of the
mine was so impactful, “that a period of relative calm and stability settled around the production
of rare earths.”?’

Two decades later, a government agency was created that would have long-lasting impacts
on the mineral industry and the Mountain Pass Mine. The Environmental Protection Agency was
established by President Nixon in 1970 to codify and enforce a labyrinth of state and local
environmental laws.?® The agency’s purview gradually expanded to include not only air and water
but many activities associated with the extraction and processing of minerals.?® Within three years
of the Environmental Protection Agency’s (EPA’s) founding, Lindsay Chemical Company, the
oldest processor of rare earth minerals in the United States, closed down due to the economic
impact of complying with the new pollution standards. Five years later, the world’s largest ion-
exchange plant producing rare earth minerals owned by the Michigan Chemical Corporation
closed for similar reasons.

By the 1990s, the U.S. peaked as the world’s leader in extracting and exporting strategic
minerals. A sharp decline followed to the point where America became the world’s greatest
importer. In addition to cheap imports becoming available from China, three government policies
were often cited as contributing to this shift. First, access to significant portions of state and federal
lands for mining had been withdrawn. This put numerous proven ore reserves out of reach for
development. Another factor was the gradual creation of highly bureaucratic and cumbersome
permitting requirements. New mines typically took between seven and ten years to obtain permits
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necessary for startup. A third policy driver was significant environmental regulation and litigation
that killed many mining ventures.®

Ironically, the USBM was shuttered about this same time by the Clinton administration
and a Congress looking for budget cuts. The bureau represented only two percent of the
Department of the Interior’s budget and had been cited as having stellar financial management and
efficiency. While its future was being debated in Congress, the American Institute of Mining,
Metallurgical and Petroleum Engineers sounded a prophetic warning:

This factor [the value of USBM objective research] will become an increasingly important
federal asset in the years ahead as the nation intensifies its struggles to cope with the
massive problems related to the growing, worldwide demand for mineral resources. To
throw such an asset away solely for the sake of budget cutting would be penny wise and
pound foolish in the extreme.*?

Nonetheless, the bureau that had won 35 awards for R&D during its 86-year life was closed in
1996. Several of its functions were transferred to other agencies. Most of its laboratories and
demonstration projects were shelved.®* The budget savings to taxpayers was a paltry $132
million3* out of a $1.56 trillion federal budget.

Extraction and processing of rare earth minerals rapidly declined in the United States from
the mid-1990s until 2002. By the start of the new century, almost all rare earth oxides were being
imported from China due to cheaper production costs. The Mountain Pass Mine in California
suffered a spill of contaminated processing water in 2002. Due to this and mounting environmental
and regulatory challenges, the mine ceased operations. Much of the nation’s expertise and capacity
in the strategic materials supply chain were lost as rare-earth production shifted almost exclusively
to China.®

The United States and much of the world appeared content with this new status quo until a
dispute arose in the East China Sea. In September of 2010, a Chinese trawler intentionally rammed
two Japanese Coast Guard vessels. The boat had been fishing illegally near the Japanese-
controlled Senkaku Islands. In response to the ramming, the Japanese promptly arrested the 15-
man crew and captain. The Chinese retaliated with several measures including an embargo of
REE exports to Japan. Ninety percent of Japan’s REE supply came from China, and the standoff
threatened to severely disrupt its economy. Japan chose to back down and released the crew to
de-escalate the situation. The incident gained international attention and demonstrated China’s
ability to use its near monopoly of rare earth elements as a coercive instrument.

China’s 2010 actions sent shockwaves through rare earth markets and the halls of
Congress. As prices of critical minerals soared, lawmakers debated and introduced a variety of
bills. These included attempts to streamline the federal permitting process for mines, adding
specific minerals to the national stockpile, and commissioning studies to determine the extent of
the danger.3” In 2017, the Trump administration refocused these efforts with Executive Order
13817, titled A Federal Strategy To Ensure Secure and Reliable Supplies of Critical Minerals.
The resulting document outlined an approach to reduce the United States’ vulnerability to
disruption within critical mineral supply chains. It also established a policy aimed at identifying
new sources of material, increasing production across the entire supply chain, improving industry
access to mapping data, and streamlining the permitting process. The order commissioned two
important reports from the Secretaries of Interior and Commerce. Developing a list of critical
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minerals was assigned to the former while the latter was tasked with developing an overarching
strategy.>®

Answering the administration’s directive, the Department of the Interior in 2018 designated
as “critical” thirty-five minerals with significant analysis by its subordinate science agency, the
U.S. Geological Survey.*® The Department of Commerce followed suit in 2019 with its strategy
report. The comprehensive plan included six specific calls to action including transformational
research and development coupled with strengthening the entire mineral supply chain. Increased
cooperation and trade with allies highlighted the perceived risk from Chinese imports. Other calls
to action were improved mineral mapping of the United States, streamlining mining permits, and
increased access to federal lands.

Social, Environmental, and Ethical Issues in Strategic Materials

“The Congress, recognizing the profound impact of man's activity...declares that it is the
continuing policy of the Federal Government...to create and maintain conditions under which man
and nature can exist in productive harmony....”*® Though these opening words of the National
Environmental Policy Act (NEPA) brought hope to Americans enduring toxic communities 50
years ago, NEPA and its progeny are now often blamed for unnecessarily increased input costs for
the U.S. mining industry*! as well as the Nation’s subsequent reliance on imports for minerals
critical to the economy and national security.*> However, foundational tenets of America’s
democracy — not environmental regulations themselves — are the real cause.

Mining led to the steel industry, glass manufacturing, and triumph in World Wars | and
11.4* Mining also devastated the environment and exploited social inequalities. This negative
history overshadows many of the benefits from mining and is the likely fuel for anti-mining and
preservationist sentiments in the U.S. Although research and data often distinguish coal from
metal/non-metal mines, the American public probably does not appreciate the difference. To most
Americans, a mine is a mine.

Social and Environmental Issues: In the early 1900s, mines were located in remote areas
with poor conditions, and miners were immigrants, children, and the disadvantaged, who suffered
disease and death as a result of their employ.** Even after more than a century, many of today’s
images harken back to the adverse impacts on these impoverished miners. Conditions have since
improved, and the number of fatalities in the entire mining industry steadily decreased from over
3,000 in 1900 to about 200 in 1980.% In the last five years, there have been less than 30 annually.*®
However, miners continue to be plagued by respiratory diseases. From about 2005 to 2015, dust-
induced lung disease and respiratory hazards increased across the mining industry.*” Finally, in
the upper Midwest, mining negatively impacted Native American Tribes. Beginning in the 1960s,
tribal members have asserted treaty rights in opposition to mining development, which threatened
the tribes’ way of life and ancient places of worship.®

With regard to the environment, gold was previously extracted with mercury — one of the
most environmentally hazardous metals — which was subsequently dumped into the nearby soil or
water.*® Despite technological advancements and environmental regulations, today’s mines still
produce significant waste. Milling and smelting processes to extract minerals from ore use
hazardous chemicals such as cyanide,* and some smelting processes produce sulphur dioxide,
which will create acid rain if it reacts with water vapor.®* Additionally, once the minerals are
removed from the ore, the remaining ground rock (tailings) may contain dangerous byproducts
such as arsenic.®> Some of the most environmentally damaging minerals are also the key to
renewable energy sources — rare earth elements (REE).>® For example, producing one ton of REE
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in China results in “more than four tons of sulfuric acid and one ton of hydrochloric acid and
sodium hydroxide.”>* This is all in addition to the 22,500 abandoned mine features throughout the
U.S., which are environmental hazards.>

Ethics Issues: What is the USG willing to do to attain mineral independence and fulfill the
National Security Strategy’s mandate to “put the safety, interests, and well-being of our citizens
first?”¢ Although several may be identified, two ethical issues are of particular interest: (1) Is it
acceptable for industries to damage the environments of foreign countries to provide cheap goods
to Americans; and (2) to what extent should America’s own land and citizens be exploited to gain
mineral independence? The first question highlights what many view as America’s greed and
hypocrisy. It is difficult for the U.S. to tout freedom, peace, and democracy while also purchasing
cheap goods (e.g., cell phones) that are produced by dumping radioactive residues into lakes that
then create “cancer villages.”®" The second question, in turn, highlights the American dilemma of
preserving nature and protecting it from human interference versus being good stewards and
finding responsible uses of the resources.®® Neither has easy solutions and is only further
complicated by today’s political divide. As of 2017, the American public is evenly split on whether
reduced environmental regulations can still protect the quality of America’s environment,*® and
public opinion on environmental issues is more partisan than 10 years ago.®

Legal Hurdles to the U.S. Mining Industry

The mining industry and outside critics often blame the U.S. permitting system for the
disincentive to develop mines and for lost investment opportunities.®® According to National
Mining Association research, firms complete the necessary permits for a large mine in the U.S. in
seven to ten years on average versus only two years in Canada and Australia.®? Indeed, Western
Australia topped the 2020 annual review of the world’s most attractive jurisdictions for mining
investment with South Australia ranking 6th out of 76 worldwide jurisdictions considered.%
Nevada, Alaska, Idaho, and Arizona ranked 3rd, 4th, 8th, and 9th respectively.5 Though a strong
performer in the past, no Canadian province was in this year’s top 10 due to concerns with
environmental regulations as well as land and title claims.%

Permitting is only one specific legal hurdle impacting the U.S. mining industry, however.
From a broader perspective, the various legal challenges facing this industry in the United States
stem from three sources: (1) America’s history of federalism, (2) the Executive Branch and its
relationship to the Legislative Branch, and (3) the role of the Judiciary.

History of Federalism: Federalism is “[t]he relationship and distribution of power between
the national and regional
governments within a

Categories of State and Local Permits and Authorizations That Mine Operators May Need to Obtain Te Conduct
federal  system  of

Mining Operations in 12 Western States
govern ment"66 In the Hazardous materials Water Other

State Air quality and waste®  Mining Operations” Safety” quality”  environmental®

U.S., this division of 7
power exists between G
the Federal Government =~ oo
and the fifty states. That i
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other and may implement duplicative requirements. One example is NEPA and its state equivalent
- SEPA (State Environmental Protection Act). The challenges are further complicated because
states may enact different statutes (e.g., different versions of SEPA).

The U.S. Constitution allows the Federal Government to preempt states.®® As a result, the
Federal Government could remove any duplication from state statutes and wholly regulate
mining.®® However, the Congress chose (and continues to choose) to pass Federal laws while also
preserving each State’s authority to pass laws to preserve its citizens’ health and security. This is
in contrast to Australia, where the states are responsible for environmental regulation of mining.”
This division of labor and avoidance of conflicts between the Federal (i.e., Commonwealth) and
State Governments is codified in the 1992 Intergovernmental Agreement on the Environment
whereby the Commonwealth only intervenes on environmental matters of international and
national concern.”

The Executive Branch and its Relationship to the U.S. Congress: In the U.S., the
Executive and Legislative Branches are two of three distinct branches of Government. Separate
elections determine the President of the United States (POTUS) and the members of the Congress.
Australia, on the other hand, has a parliamentary system of government consisting of two houses
in the Parliament and a federal executive. Members of the federal executive, including the head
of the Executive Branch (i.e., Prime Minister), are selected from members of Parliament.”
Consequently, Australia does not experience the gridlock and partisan gaps often experienced
between the Legislative and Executive Branches in the U.S.

Additionally, the bureaucracy of the U.S. Executive Branch further exacerbates the
complexity of legal requirements created by the Federal Government and the fifty states. In
addition to the EPA, several other agencies review mining operations and may be the lead agency
for those issues.”® These agencies also compete with each other for resources (e.g., manpower and
funding), and with the likely increase in mandatory expenditures,’ an even smaller amount of
discretionary spending will be available to these Executive agencies in the future. As a result, the
processing of statutory and regulatory requirements may slow down even more.

The Role of the Judiciary: The third distinct branch of the USG is the judiciary, which

“interpret[s] the law, determine[s] the constitutionality of the law, and [applies] it to individual
cases.”” In addition to appeal processes through specific Executive agencies, citizens may seek
judicial review of agency decisions. Itis CEiEEE

critical to note the significant number of Civil Cases Filed, Terminated, and Pending
12-Month Periods Ending March 31

cases managed by today’s courts’® (see ...
Figure 277). Pending litigation may
delay mining development until its
resolution, may result in the revocation ..
of issued permits, and may add the cost

of attorneys’ fees to a firm’s already high
capital costs. Once a mine begins
commercial development, its exposure to
litigation does not vanish. Firms must
continue to comply with regulations or
face even more litigation (e.g., toxic tort S O

litigation for wrongfully exposing T T

citizens to toxic substances’®). Moreover, there is some discussion on expanding the types of cases
presented in U.S. courts by allowing individuals with injuries based on climate change rather than
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the current, more restrictive, requirement to demonstrate “an actual or imminent injury.”’® The
legal challenges to the U.S. mining industry are more complex than any single set of statutes or
administrative regulations.

In sum, today’s environmental regulations are, in fact, a reflection and product of
America’s democratic processes, but they may also be jeopardizing economic growth and national
security. America cannot allow its greatest strength — democracy — to also be the source of its
downfall.

Acquisition and Mobilization (National Defense Stockpile & Defense Production Act (DPA))

Strategic and Critical Materials Stock Piling Act: In 1939, Congress passed the “Strategic
and Critical Materials Stock Piling Act (50 U.S.C 98),”% as a hedging strategy to secure adequate
raw materials required for the production or replenishment of defense equipment. “The current
goal of U.S. mineral policy is to promote an adequate, stable, and reliable supply of materials for
U.S. national security, economic well-being, and industrial production.”® According to the
Strategic and Critical Materials Stock Piling Act (as amended through P.L. 116-92, enacted
December 20, 2019], Congress determined that some critical materials were deficient in supplying
military requirements. The purpose of the Act was to acquire and retain critical materials important
to the national defense of the U.S. Additionally, the Act also determined the importance of not
depending upon foreign resources for critical materials necessary for national defense.®? This Act
underscores Congress’s awareness of the issue and the importance of taking action to help address
this vulnerability.

Importance of Stockpiles of Strategic Materials: Military affairs author and former Marine
Corps officer Carlton Meyer notes that:

Establishing a strategic materials program seems dull and wasteful during peacetime, yet
pure genius during wartime. It will buy time for leaders to find alternatives to whatever
materials are unavailable or take diplomatic or military steps to secure vital materials.
Having a stockpile may even dissuade a hostile nation from attempting a blockade or
embargo. In addition, stockpiles can be drawn upon during supply disruptions caused by
weather, natural disasters, union strikes, or wars elsewhere.8

Limited supplies of strategic materials in the National Defense Stockpile (NDS) indicate a
dangerous reliance on countries that cannot be trusted, however. (See Figure 3% in Appendix 1V.)

COVID-19 perfectly illustrates the importance of having a stockpile yet still being reliant
on the outsourcing of materials critical to the nation’s wellbeing. Given shortages of ventilators
and outsourcing of pharmaceuticals to China, the U.S. finds itself in a desperate situation as it tries
to mobilize the health care industry. The National stockpile became one of the first options for the
provision of the equipment and medicine necessary to treat the thousands of patients stricken by
the virus. Thus, stockpiles represent a significant and important component of our national defense
and economic stability.

Stockpiles help to protect against vulnerabilities in supply chains; however, they can only
last for a period of time. Eventually the stockpile may run short of strategic materials. In fact, the
National Resource Council (NRC) observed that, “[T]here have been significant lags at a number
of points: between changes in military planning and the scenarios used for modeling stockpile
requirements, between stockpile requirements and legislated stockpiles goals, and between goals
and NDS inventory levels.”®® The actual amount of minerals held in the stockpile has decreased
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significantly over the past few decades (see Figure 4% in Appendix V); this inevitably puts the
economic and national security at risk if we were to experience a national shortage, similar to the
personal protective equipment shortage that arose during the COVID-19 pandemic.

Defense Production Act (DPA) and Strategic Materials

The DPA® authorities provide the federal government flexibility in crisis response and
prioritize resources to provide for our national security and defense. The federal government also
uses the DPA authorities to assess and mitigate risks to the economy, access materials deemed
“critical” or “strategic,” and protects the health of the defense industrial base against realties of a
“free-market economy.” One noteworthy point, however, is that the DPA is not permanent
legislation, as Congress must reauthorize the DPA legislation periodically. The current DPA
enacted in 2018 will expire on September 30, 2025.

The DLA Strategic Materials group manages the acquisition and disposal of materials in
the National Defense Stockpile.®8 The most significant authorities that could help protect the
supply chains of strategic materials are in DPA Title 111 — “Expansion of Productive Capacity and
Supply.”® Title 111 has multiple tools for the President to use to protect the national defense and
industrial base.®® Program Managers use the authorities to conduct market research, support R&D
initiatives, and draft policies to protect the industrial base.

The DPA Programs use the public-private partnership to promote expansion in critical
industries and, ultimately, transfer ownership of capital to the partner firm. Specifically, the Title
I11 Program authorities include: (1) purchasing or making purchase commitments of industrial
resources or critical technology items; (2) making subsidy payments for domestically produced
materials; and (3) installing and purchasing equipment for government and privately owned
industrial facilities to expand their productive capacity.®* The DoD, under the Defense Production
Act of 1950, also has a list of minerals, metals, and materials deemed “strategic” and “critical” for
national defense. The priorities of critical materials shift periodically depending on technology,
R&D, and available reserves.

The U.S. Geological Survey (USGS) published the Mineral Commodity Summaries 2020
report, which identified minerals facing supply risks due to high reliance on imports from China,
Russia, and other fragile nations.®? That said, the multiple tiered supply chains for strategic
materials makes it harder to quantify actual dependence on foreign materials. The DLA Strategic
Materials group works with subject matter experts from the USGS and other partners to monitor
the commaodities markets for signs of disruption to the supply. For example, the group collaborates
with the OSD Manufacturing Technology (ManTech) and Industrial Base Analysis and
Sustainment (IBAS) “to address national security risk within market activities.”% Furthermore, in
2019, Congress directed the Government Accountability Office (GAO) to study the “Defense
Supplier Base Challenges and Policy Considerations Regarding Offshoring and Foreign
Investment Risks.”® Dr. Christine Michienzi,% the Director of Industrial Assessment, described
how the DPA Title 111 Program and DLA Strategic Materials group rely on data compiled by the
IBAS team on mergers and acquisitions “to address national security risk within market
activities.”®® The lack of a centralized management system across the federal government
introduces the risk of data accuracy.

The DoD uses the authorities of the DPA Title 111 to secure materials such as rare earth
elements (REEs). The specific REEs sought by DLA Strategic Materials in 2020 include:

(1) Light Rare Earth Elements

(2) Heavy Rare Earth Elements
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(3) Rare Earth Metals and Alloys

(4) Neodymium Iron Boron Rare Earth Sintered Material and Permanent Magnets, and

(5) Samarium Cobalt Rare Earth Permanent Magnets.
In the case of REE, China’s dominance in processing and production increases supply risks given
its control of the quantity available for export. China also can withhold or “dump” supply to
influence market prices. Members of the Defense Production Act Committee (DPAC),°" along
with those of the Bureau of Industrial and Security National Defense Stockpile Market Impact
Committee (MIC), understand how such variables increase supply chain risks. The Air Force
Research Laboratory (AFRL) is conducting market research for “Light and/or Heavy Rare Earth
Element Separation and Processing Production Capability.”®® The MIC and AFRL are two key
entities conducting research into the forces affecting the mining industry. A detailed analysis of
these impacts using Porter’s Five Forces is useful in understanding the industry dynamics.

Structure, Conduct, and Performance of the U.S. Mining Industry

A Five Forces analysis reveals key characteristics of the mining industry. Most notable are
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and high fixed costs relative to marginal SRR DL STATONNRS

costs. It is expensive to acquire mining and -

water rights, purchase equipment, and obtain — quireren i
permitting. Upfront costs also include large hd;__usa é Exnloring ang

D:scovermg Find

E)ctractlng ;

Beneficiating Dig

bonds to cover potential environmental w
impacts. Exits costs are high due to s manuraiue

minimally  transferable  assets  and Qppmduc.ng'
substantial site remediation actions. As a Buitd 4‘
ng

. A R Spinoff:
result, it takes mining companies years of P e Fabricati

Save

operations before turning a profit, and you Smelting
cannot simply walk away from a poorly . -~ o
performing mine. (See Figure 5.) reoe Y o = -~
Porter’s Five Forces FIGURE 6
Porter's Five Forces Analysis of U.S. Mining Indust
The government needs to 4 SR
understand the structure and Threat of New Entry: Weak
influences impacting the mining +Latge upfon captal coss
- - * Hea wvernment regulation
and metals industry in order to - Guaaramant spcrsore] s
better support future domestic e 7 BarpaAing Pawed
prOdUCtlon. Understandlng the of Suppliers: Rivalry Among of Customers:
competitive nature and how or Woteah EXeShg Competiors: R
N A Strong * Low price .ftlensitiwly due
what makes a certain industry [ it « Commodiy market. + High fixed cos's relative b o ittt
profitable will ensure the right | @reeneed LS Do o | Publepercepien (o
policies are put into place. To  [=enen T, N [
understand ~ the  structure, [wioaing Facirs: A blcwas e
economics, and outcomes [REE ERmEN [ e | [
" .. -Subsl_jlm»o‘:-\th.':;l-swi'.hinnGuQr.;lhrox:Igh -Baclswardsimsgralion
prevalent in the mining and recycing hard due o sirong
. . competitor competition
metals industry, a framework is

needed to capture a complex environment containing countless variables.

Page 18 of 58



Michael Porter’s Five Forces of competition framework, first described in an article titled
“How Competitive Forces Shape Strategy” and published in the Harvard Business Review in
March of 1979, identifies five major forces to account for the numerous variables present within
the state of competition for a given industry (see Figure 6).

Power of Buyers: Moderate

The bargaining power of buyers comes down to two things: price sensitivity of the buyer
and leverage to negotiate a lower price. The vast usefulness of critical minerals and the necessity
of the products in which they are used reduces price sensitivity. This is typically further reduced
because the overall cost of critical minerals needed in a product is often a small proportion of the
total cost of production. However, the inability for the mining and metals industry to generate
product differentiation results in low switching costs and increases price sensitivity and buyers’
power when negotiating.

Many buyers of critical minerals are large companies or governments with considerable
financial backing which allows them to negotiate long-term contracts with producers and in the
process gives them power to bargain for a lower price. On the other hand, there is little chance
that a buyer will backward integrate into the production of minerals themselves due to the
extensive capital requirements and specialized knowledge needed to enter the mining industry.
This reduces buyer power to negotiate a lower price.

In a competitive market, buyers are often sensitive to the price of minerals. Buyers enjoy
moderate power in the mining industry due to low switching costs, an undifferentiated product,
and the bargaining power of large companies.

Power of Suppliers: Moderate

The power of suppliers to the mining industry is analyzed similarly to the power of buyers
from the industry, in that the importance of price sensitivity and bargaining power (and their
respective determinants) still apply. The key suppliers to the mining industry include equipment
manufacturers, electricity suppliers, specialized labor, and landowners (frequently the federal or
state government). Overall, supplier power within the mining and metals industry is present but
manageable.

Given the historically low profit margins of the mining and metals industry, strong
sensitivities exist to increases in operating costs, reducing suppliers’ power. Additionally, given
the specialized nature of heavy mining equipment, some suppliers would be hard-pressed to find
additional customers outside of the mining industry. The mining industry exerts a level of buyer
power over the producers of mining equipment that limits supplier power in this area.

Mining and metal production facilities require large amounts of electricity and often have
no choice as to who their supplier is, creating supplier power for the power company servicing the
mine and/or processing center. Another supplier that retains some power over the mining and
metals industry is that of skilled labor. Good employees are critical in any market, but as mines
become more technologically sophisticated and are often located in remote areas, skilled labor
demands a higher wage.

If there is one input into the mining and metals industry for which significant bargaining
power may be exercised, it is the resource of land. Minerals, and the ore in which they are
contained, are only present in certain areas where specific geological conditions exist. If a land
owner (or the government) does not agree to sell, lease, or otherwise allow a company to mine
where the resource is located, the company cannot simply go to the next supplier.
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Some producers in the mining and metals industry have vertically integrated and own the
value chain from mine to finished product. Due to the extreme capital costs to own and operate a
mine, most companies are not able to do this, but the potential for companies to backward integrate
provides a means to counter supplier power.

Threat of New Entrants: Weak

The threat of new entrants into the mining and metals industry is weak and can be attributed
to significant barriers to entry, including capital requirements and governmental regulations. Huge
investments of capital are required to enter the industry, not only in investment in heavy machinery
and infrastructure, but also to buy or lease vast tracts of land. Considering that these costs are in
addition to up-front exploration costs, the total cost of starting a mine can easily reach into the
hundreds of millions. Only those companies with vast financial resources can play this game.

Additionally, the process to obtain the legal right to mine is both cumbersome and time
intensive, which requires a company that is both dedicated to the cause and well-versed in
government bureaucracy at both the state and federal levels. The USGS provided an overview of
the time required for a mine to begin production from initial discovery in a report in 2010, and the
time varied from 5 years up to 50 years!®® Compliance with stringent environmental regulations
adds to the operating costs once a mine comes on-line.

Threat of Substitutes: Weak

Metals are subject to the threat of substitution, but often one metal is substituted with
another metal or alloy. This often occurs because the substitute metal is less costly to produce and
the associated degradation in performance is acceptable. Some materials may be substituted for
metal in certain applications with benefits such as lighter weight. However, substituting such
materials may have performance costs and may require significant switching costs.

As technology and social pressures increase, recycling could act as a substitution threat to
new production of metal. Facing growing demand, it can also serve as excess capacity. The mining
and metal industries recognize this, and most companies are taking steps to incorporate recycling
and recycled materials into their value chain. Overall, the threat of substitutes to the mining and
metals industry is weak. This could change rapidly, however, if a breakthrough technology was
developed that substituted a non-metal product for a widely used metal product.

Competitive Rivalry: Strong

Competitive rivalry within the mining and metals industry is strong. Price is often the only
basis for competition as it is hard to differentiate products. This can lead to intense competition
with low profit margins and high fixed costs.

Mining is a unique capital-intensive industry due to its high sunk costs. Unlike other
industries that possess high fixed costs, the capital that is expended to mine for a commodity is not
easily transferable.'® The results in struggling firms staying in the market when they would
otherwise divest and exit the industry. It is also important to note that not all companies are
required to play by the same rules. Governments establish subsidies and import restrictions in an
effort to support their own domestic production, and, in some cases, these policies allow a firm
that would otherwise fail to continue operations. Policies such as these result in additional exit
barriers that further increase competition.
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Firm Behavior in the U.S. Mining Industry

The structure of the mining industry plays a leading role in driving firm behavior. At the
same time, firms each make choices to establish competitive strategies within this environment.
While business gurus extoll the need for strategies that “deliver greater value to customers,”
mining firms face the reality that most products are non-differentiated commodities.® In an
industry of price-takers, firms find it impractical to change buyers’ willingness to pay due to their
low switching costs. Thus, many strategies devolve into price competitions. Facing strong
competitive rivalries, with little to no means for product differentiation and low switching costs,
successful firms establish competitive advantages by choosing where to mine, what to produce,
and whether to be a leader or follower in mining innovation.

Choosing where to mine centers on ore quality, socio-political environments, and
infrastructure impacts. Ore quality, combined with ease of extraction, provides sustained
competitive advantages beyond operational efficiency. For two similar mine operations, the one
generating more value for each load moved has a persistent advantage. As mines deplete the most
economically viable reserves in one region, firms seek opportunities in new areas, including
emerging economies.®> Emerging economies present opportunities for reduced production costs
with cheaper labor and lower environmental standards, but they have risks. Miners typically
welcome economic incentives from foreign governments. However, mines are subject to
disruption by special interest groups and changing government policies. Mining and water rights
are closely negotiated and are often re-negotiated at inopportune times due to local pressures
placed on host governments. With large initial capital investments and decades-long recapture
times, firms seeking a competitive position must anticipate such issues. Successful firms establish
competitive advantages by hiring and developing professionals in political and social disciplines
to foresee and prevent problems. These consultants establish win-win relationships with
governments and communities. Continued engagement by firms with host-nation stakeholders is
critical as mining deposits are often wholly owned by national governments.

Firms can establish competitive advantages with other location-specific elements.
Operations near ports and waterways see lower transportation costs when compared to operations
in more access-restricted locations. Other similar location advantages can last for the life of a
mine. Operating locations sometimes provide additional benefits, such as low energy prices or
other infrastructure factors. Those factors may provide substantial cost advantages, but they may
prove less enduring as well. Choosing what to produce involves mineral selection, co-product
considerations, and horizontal or vertical integration. Mineral selection drives processing
requirements. Firms with expertise in unique extraction or processing techniques find it beneficial
to focus on those sectors, especially when processing involves further health, safety, and
environmental regulations that add cost while increasing barriers to entry.

Another way mining firms position themselves is by choosing to lead or follow in
innovation. While the benefits of innovation show up as efficiency improvements, choosing to
lead innovation represents a strategic position as it puts a company at the forefront of pushing the
productivity frontier and forcing competitors to adapt. Firms face choices to give up seemingly
clearer short-term profits for potentially greater long-term profits. For example, one mining
company dedicates a portion of its facilities to testing new equipment and processes without
imposing its standard productivity requirements.'% It accepts that some projects will fail and
allows for greater risk-taking on a small scale, as the company discovers what new technologies
work best for their operations.
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Financial Performance of the U.S. Mining Industry

Mining is not for the faint of heart. It is a long-term industry where patient and flexible
capital are key. Financial performance is cyclical as firms are price takers in a commodities market
where there is little product differentiation. High entry and exit costs are further compounded by
the strong supplier power held by governments. The most recent mining bust occurred in 2015 and
is largely attributed to market oversaturation by Chinese mining firms which caused commodity
prices to fall by more than twenty-five percent (25%). The undervaluation of the Chinese yuan had
the additional effect of making imports by Chinese businesses more costly while also increasing
the viability of Chinese manufacturers of mineral end-products.%

U.S. firms experienced large decrease in commodity prices, Earnings Before Interest,
Taxes, Depreciation and Amortization (EBITDA), a universal measure for a company’s operating
profitability, dropped by thirty-nine percent (39%) to $91 billion. Mining firms rushed to save
capital. They stopped investing in new operations and limited cash expenditures as much as
possible. As a result, the Return on Capital Employed (ROCE) decreased to a negative four
percent (-4%). On average, dividend payouts to shareholders were cut in half.}®® Notably,
however, dividends were still paid out to satisfy investors. Although mining is a long-term
industry, when faced with large decreases in operating profits investors viewed debt burdens as
unaffordable and limited their investment capital. These discouraged investors left the mining
sector in droves.

Faced with liquidity squeezes from shareholders and already overleveraged in debt, firms
were forced to focus on paying down their debt through any means necessary to stay afloat. In
addition to mortgaging the future by halting investment in new exploration, they sold assets to
increase their liquidity to pay down their debts. By the end of 2015, the market capitalization of
the top forty mining companies had dropped by thirty-seven percent (37%) or $297 billion.1%®

The year 2018 marked the height of recovery of the mining industry from its 2015 bust.
Continued growth in commodity prices increased revenue growth by eight percent (8%). The
oversaturation of supply had subsided as unprofitable firms either went out of business or
mothballed their mines. The benefits of cost-cutting during lean years also increased earnings.
EBITDA was valued at $165 billion, a 181% increase from the 2015 bust of $91 billion. Return
on Capital Employed was 10%, the highest since the bust. 2018 also had the distinction of having
the highest dividend payout, $43 billion, since Price Waterhouse Cooper (PwC) started measuring
the mining performance of the top forty mining firms in 2003.17

Market forces coupled with government sponsorship of the mining industry leads to overall
poor economic performance in the metals and mining sector. Mining firms know this and continue
to pay dividends even during bust cycles. If the United States wants to promote mining it must
take a pro-active role to encourage investment into the industry.

Current Business Risks and Trends in Mining and Metals

This section, utilizing a Strength, Weakness, Opportunity, and Threat (SWOT) analysis,
examines the mining and metals industry in 2020. It categorizes ‘Innovation as a Strength,’
‘Workforce as a Weakness,” ‘Green Economy Demand as an Opportunity,” and ‘License to
Operate asa Threat.” Itis essential to consider these industry-specific equities contemporaneously
and within a business ecosystem nexus, a “...network of organizations — including suppliers,
distributors, customers, competitors, government agencies, and so on — involved in the delivery of
a specific product or service through both competition and cooperation.”'%® The analysis utilized
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commercial mining and metals expert consultations as the primary source for the information,
analysis, and synthesis within.

Innovation as a Strength (See Appendix V1 for essay on innovation)

Innovation is an important vehicle for value creation in metal and mining industries, with
a wave of technology-based modernization activities offering the opportunity to increase supply
chain productivity and efficiencies. Burgeoning advancements at all stages of the industry’s value
chain, coupled with the abundance of U.S. technology companies, uniquely posture the segment
to meet Call to Action #1 from the Federal Strategy to Ensure Secure and Reliable Supplies of
Critical Minerals: “Advance Transformational Research, Development, and Deployment Across
Critical Mineral Supply Chains.”%®

Favorably, the 2020 Bloomberg Innovation Index notes that the U.S. leads the world in
technology company density and patent activity.*'® Technology-based innovation will define
global competition in the industry. The World Economic Forum exhorted that digital
transformation in automation, robotics, operational hardware, integrated enterprise platforms and
ecosystems, as well as next-generation analytics and decision support could bring about $425
billion in collective value through 2025.1'! According to KPMG International Cooperative, a
consultancy with clients in 147 countries, they “...expect mining companies will increasingly
adopt emerging technologies to transform their operations in order to gain benefits such as reduced
costs, improved health and safety of workers, minimized environmental impacts and a better
understanding of the ore body.”1*2

In a survey of 130 mining industry executives regarding opportunities to move up the
technology maturity curve, 73% perceived technology as an opportunity versus a threat, 42%
believed they were actively disrupting the market, and 33% expected disruption to weaken or
ultimately eliminate competitors failing to transform.'** White & Case, an international law firm,
published its 2020 mining and metals market sentiment survey that asked industry participants,
“what will be the biggest driver of innovation in mining?”1* The resulting top responses were cost
pressure (39%), investor pressure (23.7%), government regulation (13.1%), and purchaser power
(10.5%).1*° Deloitte’s report, Tracking the Trends 2019: The Top 10 Issues Transforming the
Future of Mining, cited water as an example of cost pressure-driven research and development as
“concerns around water quantity and quality are also exacting financial, operational, and
reputational tolls.”*'® The Climate Control Project advised that by 2030 water scarcities could
jeopardize 25% of mining production, putting at risk $50 billion in annual revenues.*’

Workforce as a Weakness (See Appendix VII for essay on human capital)

This section spotlights the challenge of the domestic metal and mining industry’s
workforce, its state of atrophy, and its skills gap predicament. This concern aligns with Call to
Action #6 from the Federal Strategy to Ensure Secure and Reliable Supplies of Critical Minerals:
“Grow the American Critical Minerals Workforce.”!!® To further capitalize on the nation’s
innovation base and posture, it will require a labor force capable of meeting the growing demand
for a green economy. Policy creation must consider talent management trends that include the
ubiquity of technology, shifting demographics, and global competition for specialized human
capital. As described in Mining Explained, “[m]ineral exploration and mining is now a business
that calls for highly skilled individuals to work as a team, using powerful, often computerized,
exploratory and mining equipment.”**® Moreover, the highly skilled individuals within the U.S.
mining industry are mostly nearing 50 years of age, with much of that workforce set to retire within
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15 years.'?® The World Economic Forum, in its white paper, Digital Transformation Initiative:
Mining and Metals Industry, poignantly noted that, while the specialized labor pool is dwindling
and becoming more costly, “[t]he digital worker of tomorrow must be engaged and prepared
today.”*?! With only one mining and metals school specializing in rare earth studies, the U.S. is at
serious risk of failing to produce the next generation of mining engineers and metallurgists.*??

All of which would leave the nation dependent on foreign sources with damning prospects
for homegrown mining and metals companies. For as David S. Abraham wrote in The Elements
of Power, “[i]nnovations in processing, designed by educated and skilled workers, can bring far
more materials to the market, more cheaply, than can mining companies just searching for new
deposits.”!?® Deloitte, in its report, Tracking the Trends 2020: Leading from the Front, suggested
that strategic workforce planning “can help organizations to understand which roles will be
affected; what new roles, capabilities, and skills will be required; and therefore what talent and
workforce strategies should be deployed.”*?* It is also imperative to design diversity and inclusion
into strategic workforce planning considerations. Research suggests that, in doing so, companies
position themselves to thrive and outperform their rivals. Studies found that the most diverse and
inclusive companies are twice as likely to meet or exceed financial targets, three times as likely to
be high performing, and six-time as likely to be agile and innovative.?

Green Economy Demand as an Opportunity

The global demand for a green economy is an opportunity for the mining and metals
industry. Manish Bapna and John Talberth, both with the World Resources Institute, described
this nascent category of demand:

A Green Economy can be thought of as an alternative vision for growth and development;
one that can generate growth and improvements in people’s lives in ways consistent with
advancing economic, environmental and social well-being.1?

The consensus for transformation creates industry incentives to transform and an
imperative for legislators to generate policies that champion domestic comparative advantages in
the global marketplace. Baker & Mackenzie, a multinational law firm with expertise in global
economic challenges, succinctly advised that “[a]s these developments play out, the countries that
will benefit most are those with proactive government policy.”*?” The consultancy goes on to note
that global competitors, traditional companies, as well as new entrants, are enthusiastically
charging into the green economy space; “[a]s these manufacturers are consolidating their supply
chains, countries around the world are competing to capture investments at different stages of the
production process.”*?® The exodus from fossil fuel-based trade activities to an alternative energy-
centric economy is a watershed moment for the mining and metals industry.

David S. Abraham, in The Elements of Power, submitted that “[i]f using less energy and
therefore less carbon dioxide (COy) is a qualification for green technology, then the mining and
processing of minor metals may be the one of greenest technologies of them all.”*?® That is likely
the case in a ‘new energy’ world powered by renewable and electrified means. The proliferation
of solar and wind-based power generation and the rising prevalence of electric vehicle use will
create a consumer-led shift and surge in demand for minerals. Baker & Mackenzie proposed that
“[t]he increase in battery demand (and the expectation of that increased demand) creates other
opportunities, including demand for industrial minerals used in batteries, such as graphite, lithium,
nickel, cobalt, manganese, aluminum, vanadium and rare earth metals.”**® While traditional
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resource exporters are well-positioned to meet the rising demand for raw materials, the U.S. must
consider government policy meant to encourage domestic companies to capture more of the supply
chain from exploration and mining and onto R&D and production.

License to Operate as a Threat

For a risk to rise to the level of threat, the danger must present the formidable prospect of
creating ruinous harm to the viability of commerce within its marketplace. That threat, for the
mining and metals industry, is its license to operate. According to Ernst & Young (EY), a global
leader in advisory services, license to operate is the #1 business risk facing the mining and metals
sector in 2020.% allBusiness, citing a Barron’s Education Series, defines license to operate as a:

Grant of permission to undertake a trade or carry out a business activity, subject to
regulation or supervision by the licensing authority. Licenses are granted by state or federal
agencies, and also by private concerns, as when a business authorizes another business to
use its name as a franchise operator. Licenses granted by government authority imply
professional competence and ability to meet certain standards set by law or regulation.%2

Furthermore, it is an amalgam of meeting formal regulatory requirements along with
communal expectations. Investopedia defines it as “...the ongoing acceptance of a company or
industry's standard business practices and operating procedures by its employees, stakeholders,
and the general public.”**®* Regardless of a formal license to operate, without the legitimacy,
credibility, and the trust of a social license to operate, industry business ventures are sure to fail.
Researchers Kieren Moffat and Airhong Zhang submit that “[i]nstances of mining developments
being delayed, interrupted, and even shut down due to public opposition have been extensively
documented.” 34

Accordingly, legislation should aim to encourage corporate-community relationship
building while rebranding the mining and metals industry’s image. Undoubtedly, environmental,
social, and government (ESG) parities are at the forefront of industry concern. Experts concede
that this operating environment is complex and evolving. Jennifer Prillaman of social innovation
advisory The Palladium Group posits that, “[g]overnments, consumers, and even shareholders are
pressuring these companies to be more innovative in their environmental, social, and governance
(ESG) efforts, to engage meaningfully in their communities where they operate, and to create
opportunities for social and economic development.”** The author further suggests that business-
level collaborations are only significant in the form of market-oriented ventures that yield both
tangible social and financial gains; “[cJommunities are asking for a different kind of relationship.
They want royalties, business partnerships, and skin in the game.”*% ESG missteps, by either
government, industry, or agents of both, could result in catastrophic consequences concerning the
outlook for domestic mining and metals industries.

Industrial Mining Policy Shaping the Great Power Competition

The U.S. isincreasingly import reliant for a number of critical minerals, including 39 which
are sourced from China and Russia — the two main countries involved in great power competition
with the U.S.%¥" Since both countries “are...onerous to deal with geopolitically and each has
sufficient mining output to be its own cartel,” many fear that the U.S.” mineral dependence puts
the country at risk of being held hostage by our adversaries for minerals critical to our national

Page 25 of 58



security and economic prosperity.*® Thus, it is important to understand China and Russia’s
strategic material industrial policies for mineral dominance to effectively anticipate and counter
any threats that may arise from those policies or a shock to the supply of critical minerals.

Chinese Industrial Policy in Strategic Materials

In assessing Chinese industrial policy, it is essential to understand to whom one refers when
using the term “China.” When the Chinese State Council/President set out a vision, several
different government departments and agencies, state-owned and private enterprises work together
to achieve the same objectives.!3® One must give credit to China for a series of meaningful policies
its government has enacted in a deliberate, calculated, and strategic manner to achieve its current
position of strength in strategic materials.

The global community welcomed Chinese economic reforms in the late 1970s. While then-
premier Deng Xiaoping made his lofty strategic materials production policies clear, China was still
an importer of such products and posed little threat to industrialized nations.'*® However, China’s
accession to the World Trade Organization in 2001**! unleashed a two-decade period of double-
digit growth in GDP, making it the undisputed strategic material powerhouse of the world.
Chinese policies, combined with massive state capital funding and US complacency, set the stage
for China to wield global monopolistic power of strategic materials in ways the world has never
known.

First, China developed and exploited its vast domestic resources. China’s largest strategic
materials mine is the Bayan Obo in Inner Mongolia that accounts for 45 percent of world
production alone. The Chinese government invested heavily in research and development since
the 1960s and now benefits from almost 60 years of scientific advances up and down the mining
value chain.

Second, China offered generous tax incentives to entice downstream consumers of strategic
materials such as high-tech electronics producers. Furthermore, foreign investors wanting to use
strategic materials in their finished products had to use Chinese materials or enter into a joint
venture with Chinese companies. As a result, many foreign producers of strategic materials and
their associated products could not compete against Chinese producers and eventually left the
industry, went bankrupt, or were relegated to an insignificant portion of market share.#?

Third, of those foreign strategic materials producers that remained competitive, Chinese
state-owned enterprises sought to invest in or outright acquire them. For example, as early as the
1990s, China realized the potential for rare earth permanent magnets and found an opportunity to
control the market. In what turned out to be one of the most notorious strategic material deals in
U.S. history, the U.S. government approved the Chinese acquisition of Magnaquench — General
Motors’ magnet producing subsidiary. The Chinese eventually shut down the company and moved
the entire business to China. As Sophia Kalantzakos correctly asserts, “The deal was a strategic
mistake on the part of the United States, because when the business left, so did the technology.
Within a decade, the bulk of the magnet industry had moved to China.”43

Today, China continues to demonstrate a willingness to use strategic material supplies as
geopolitical leverage. During a recent trade dispute with the U.S., Chinese President Xi signaled
that his government was willing to disrupt strategic materials supply during a very public visit to
rare earth production facilities. Official Chinese media outlets also messaged China’s intention to
seriously evaluate its policies on strategic materials exports. As a result of the recent U.S./China
tariff escalation, Beijing raised tariffs to 25 percent on the ore that U.S.-based strategic materials
companies send to China for processing.4
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While opinions abound on what China’s much-touted Belt and Road Initiative (BRI) is or
is not, two initiatives are clear. First, the BRI serves to create external markets for excess industrial
capacity. Second, it seeks opportunities for China to influence or control foreign natural resources
and infrastructure. The second initiative has garnered more international attention — the hundreds
of billions of dollars China is investing in developing nations’ infrastructure around the world.
Despite abundant natural resources of its own, China must still use many strategic materials to
sustain the current needs and future growth of its country. A recent Foreign Policy analytical
report observed that, “With global demand for strategic materials projected at a compound average
growth rate of more than 17 percent to 2025, a supply crunch is likely approaching—and China is
already securing other nations’ supplies.”** Moreover, China tends to target politically unstable
countries with markets that lack transparency.’*® Some recent examples of Chinese interests
include countries in Africa and South America.

It would be unfair to suggest that China isn’t entitled to act in its self-interest like any other
nation with global aspirations. As Ned Mamula observes, “China can hardly be blamed for its
clever use of global mineral resources. Decades of unsustainable U.S. mineral resource policies
contributed mightily to its success and our nation’s present state of wild over-reliance of many
critical minerals.”**” Nevertheless, growing evidence suggests that China has outsized global
ambitions and the power to wage devastating economic warfare against the U.S. if it chose to do
so. Indeed, the current coronavirus pandemic serves as a stark warning regarding over-reliance on
China for critical supplies.

Russian Industrial Policy in Strategic Materials

Since 1992, Russia has developed a set of laws, regulatory bodies, and policies aimed at
protecting and managing its natural resources. The Russian mining and minerals industrial sector
faces significant challenges, including attracting human capital, obtaining permits for exploration,
and enticing investment, especially since the majority of mining companies are owned by Russian
citizens—typically the Russian oligarchs—and not state owned enterprises. In response to such
challenges, Russia issued the Strategy of the Geological Industry Development until 2030 in 2012
to rectify those issues.4®

The strategy lays out plans to increase exploration of the continental shelf and inland water
areas by 50% by 2020 and then 70% by 2030. It sets an annual goal of a 7.5% increase in the
expansion of small-scale geological surveys and targets an 80% increase in new exploration and
mining licenses by 2020. The strategy discusses the provision of “geological organizations with
highly qualified specialists” and “ensuring growth in funding from extra-budgetary sources due to
the increase of investment attractiveness of exploration work in relation to the level reached...in
2020 to 40%, and in 2030 to 50%.”*4° All of these initiatives are centered around increasing
productivity and output in the mining and mineral sector.

Furthermore, in order to protect its competitive advantage in mineral wealth, all mineral
resources that are located underground belong to the Russian Federation (whereupon they transfer
ownership to whomever holds a subsoil license for extraction). Russia also classifies certain
mineral deposits as deposits of federal significance. These deposits of federal significance include
“uranium...rare earth elements of the ytrrium group, nickel, cobalt, tantalum, niobium, beryllium,
lithium, diamond deposits or ore deposits of the platinum group metals [PGM]...[and/or those
that] are located in internal waters, territorial waters or on the continental shelf of the Russian
Federation.”** This is directly tied to Russia’s Arctic strategy and consistent with the Federation’s
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continued attempts to expand Russia’s continental shelf in the Arctic via claims to the Lomonosov
Ridge and the Mendeleev Rise. ™!

The Russian government also classifies information on PGMs, nickel, cobalt, lithium and
the production of “strategic natural resources in the Russian Federation as a whole” as state secrets
and therefore subject to “state secrecy legislation.”>? For years it has been difficult to get accurate
numbers of reserves for various minerals, both because Russia did not release information and
because it still uses the old Soviet Union classification system which is not the standardized one
used by Western countries and firms.2

Many argue that Russia’s abundance of natural resources, particularly in minerals deemed
“critical” to the U.S. — such as asbestos, niobium, scandium, vanadium, potash, titanium (sponge),
chromium, germanium, diamond (industrial dust, grit and powder), silicon, platinum and
palladium — provides Russia with “enormous geopolitical leverage,” since the U.S. is heavily
import reliant for these strategic materials.*>* Concerned with what could happen to world markets
if Russia’s supply of certain minerals was cut off, the USGS published a study in 2017 (based on
2014 data) which analyzed a halt in Russia’s production of Aluminum, Nickel, Palladium,
Platinum, Potash and Titanium mill products.®™® What they found was illuminating: “The overall
effect of a supply shock is likely to be quite modest...taken alone, Russia’s share in the world
production of a particular commodity is not necessarily indicative of the size of potential impacts
resulting from a supply shock; other factors, such as prices, domestic production, and the structure
of international commodity flows were found to be important as well.”*¢

World markets got a preview of a Russian induced supply shock in March 2019 when
Russia banned exports of “scrap and tailings of precious metals from May until November.” By
restricting supply, Russia drove the spot price of palladium up to $1,592 an ounce.®™” Thankfully,
the U.S. also imports much of its platinum and palladium from South Africa, where “large projects
on the horizon in southern Africa with high palladium content, such as Platreef and Waterberg”
could increase supply and bring prices down in the future.®® Thus, as long as other countries
continue to develop, extract and sell critical minerals, Russia’s policies to use its natural resources
as leverage against the U.S. will be limited in scope.

Policy Recommendations to Enhance National Security

Any government intervention in markets carries risks of unintended consequences.
Therefore, the government should only execute policies to intervene when it identifies specific
market failures of significant magnitude and particularly deleterious nature. Moreover,
government policy actions should allow market forces to work wherever possible and avoid
picking winners or choosing specific solutions. Instead, government policy should strive to create
more effective market efficiency and allow competitive forces in the market to produce optimal
solutions. The following policy recommendations therefore seek to apply this approach to correct
mining and mineral market failures. The identified failures and recommendations are grouped into
three bins:  Shaping market forces to correct imperfect competition, Addressing market
inefficiencies due to externalities, and Addressing market inefficiencies related to public good
characteristics.

Page 28 of 58



Shape Market Forces to Correct Imperfect Competition and Increase Participation in the
Mining Sector

1)

2)

3)

4)

Reduce Barriers to Entry and Exit.

High upfront costs, long recoup times, and high exit costs reduce participation in the U.S.
mining industry. To reduce upfront costs, the Federal government should collaborate with
states to allow greater pooling of reclamation bonds that firms must provide as insurance
against environmental remediation.

Dampen the Impacts of Market Volatility in Mineral Prices.

Price volatility and the challenges of market forecasting greatly impact profitability in the
mining industry, contributing to a return on invested capital (ROIC) well below average
industry levels in the U.S. To reduce risk associated with this volatility, the Federal
government should allow mining firms to carry tax write-offs forward up to 20 years, for
all industry stages from mining through mineral processing.

The Federal government should further smooth price volatility by entering into long-term
contracts with U.S. companies to provide critical minerals for the National Strategic
Stockpile. When possible, such contracts should be spread across multiple mining
companies.

Modernize Rental Permitting Payment Structure.

Rental rates on federal lands are too low and encourage speculative miners who “claim
grab” without ever intending to mine. The federal government should adopt local state
government payment structures that incentivize miners into production. In Texas, the
yearly rental rate for an oil extraction lease increases by five hundred percent (500%) if
production has not started after two years. Additionally, the royalty rate increases every
two years by two percent (2%) if production has not started. If firms increase their
production, rental rates and royalties will decrease over time.’®® To further mitigate
speculation, Texas requires upfront payment of all rental fees for the life of the lease. This
helps filter-out speculators in commodity markets who only look to re-sale leases when
markets turn upward.

Ensure Accountability in Federal Mining Permitting Process.

The United States possesses an estimated $6.2 trillion worth of mineral reserves, yet, it is
hampered by one of the world’s longest permitting processes. On average, a major mining
project takes seven to ten (7-10) years before approval to begin mineral extraction is
given.2® This is unacceptable when other allied countries can approve mining permits in
as little as four months to one year.

In order to improve the mining permitting review process, the United States’ federal

government agencies responsible for reviewing mining plans must first capture, measure
and analyze their performance. Failure by the Bureau of Land Management and the
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Forestry Service to provide accurate data on the time to complete federal mining permit
review to support a Congressionally requested GAO report is unacceptable.?

To hold the Executive branch accountable, Congress should enact legislation that approves
federal mining permits if an approval or a detailed denial with actionable remediations is
not provided by executive agencies within one-hundred and eighty (180) days. Deferrals
could be granted to the permitting recommendation timeline for extenuating circumstances.
Additionally, the time would stop once the agency returned the package to industry for
actionable remediations. Holding federal agencies accountable through a stringent
timeline will give them the flexibility to adopt strategies found in more productive allied
countries.

To decrease the impact on both the Executive agencies and industry, the USG may create
a website where industry can submit all of its filing requirements to the USG and where
the agencies may provide information on all regulatory requirements. The agencies could
then access the same site to coordinate their reviews, provide guidance to industry, and
educate the public on each agency’s appeal procedures. This would consolidate and
streamline the current system of separate websites for each agency and regulatory
requirement.

Address Market Inefficiencies due to Externalities

5)

6)

Tax Imports to Internalize External Costs.

Minerals and mineral products imported from China and many other countries have market
prices below marginal social costs. This is due to less-stringent environmental and safety
requirements as well as government subsidies for mineral production. The Federal
government cannot directly regulate production as it does with operations in the U.S., but
it can tax those imports sufficiently to align prices with true social cost and simultaneously
create a more level playing field for U.S. production. Given this objective, import tariffs
should vary based on product origin and the associated levels of environmental, safety, and
government subsidies contributing to the mineral production cost.

Establish a Modernized Federal Royalty Structure for Mineral Extraction.

Since 1872, mining firms have taken more than $300 billion worth of minerals from federal
public lands without paying any federal royalties.’®® The United States requires federal
royalties for coal, oil and natural gas extraction that occurs both on public land and
offshore, however, there has never been a federal royalty for mineral extraction on public
lands. This is a missed opportunity, as royalties “represent one of the federal government’s
largest nontax sources of revenue.” In 2016 alone, the federal government received over
$2 billion in coal, oil and natural gas extraction royalties. Half of these proceeds were
shared with the state government in which the commodity was extracted.6*

In addition to charging royalties on state lands, state governments charge taxes on federal
lands, called functional royalties, and do not share any of these proceeds with the federal
government. The federal government should impose royalties without placing an
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unnecessary burden on mining firms. By imposing a cap on royalty percentage charge, the
federal government would take the difference between the state’s royalty percentage charge
and the cap. For instance, if the cap is 10% and the state charges 5%, the government would
claim 5%. If the state charges 7%, the government would claim the additional 3%, equating
to a 10% overall royalty charge. The federal government must also modernize royalty
structure to make it scalable to market conditions while providing incentives that protect
federal lands.

The natural onshore oil and natural gas royalty has remained unchanged at twelve and a
half percent (12.5%) of gross revenue since the 1920s and is far less than the royalty rate
charged by state governments. Failure by the federal government to have the federal royalty
rate match the modern state rates of 16.67% or 18.75% have resulted in lost revenue of
$490 and $730 million to state governments. Implementing a sliding royalty scale that is
tied to the price of the commodity when it is sold will ensure that the federal government
shares in the rewards during a commodity boom cycle and the pain during a commodity
bust cycle. This sliding royalty scale would only apply to the federal portion of the royalty.

To help encourage exploration and extraction, the federal government should charge a
lower royalty in areas that are more speculative and a higher rate in more proven areas to
encourage large scale resource extraction by proven mining firms.*%® Higher rates could
also be charged to mine in more environmental sensitive areas with proceeds allocated to
a federal fund that would be used to reclaim and clean up abandoned mines.*6®

Federal mining royalties should be used to increase the incentives for mining and must be
kept in a Congressional mandated account that is exclusively used for mining. Funds would
be used to subsidize the costs of mining bonds, increase the budgets of federal agencies to
expedite mining permits and used as an environmental fund to clean up abandon mines,
which would help offset the $2.6 billion spent by taxpayers to clean up abandoned mines
between 1998 and 2007 alone. A certain percentage of monies in the account could be
used to increase the government stockpile of minerals and the proceeds from mineral sales
could be reinvested into the account.

Address Market Inefficiencies Impacting Public Goods
7) Invest in Mining Research and Development.

Mining firms tend to underinvest in research and development because capturing the value
that results from basic research supporting extraction and processing is difficult. Instead,
such basic research has a public good nature, generating benefits that extend inevitably and
significantly beyond the entity actually conducting the research. The Federal government,
therefore, should provide additional funding for basic mining research, especially targeting
new technologies that are more efficient and/or environmentally friendly. The Federal
government should also increase tax write-offs for mining-directed research and
development spending by firms. Finally, the U.S. should reinstate the U.S. Bureau of Mines
(USBM), which would prioritize and coordinate mining research support among
government agencies, National Laboratories, industry, and academia.
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8)

9)

10)

Reduce Leverage of Hostile Competitors.

China has demonstrated its willingness to restrict exports of critical minerals such as REES
to put economic pressure on competitors. To mitigate and manage this leverage, the U.S.
should maintain its National Strategic Stockpile of critical materials and ensure these
materials are in usable forms and that the stockpile is ready for rapid activation. The Federal
government should also provide critical mineral inventory tax write-offs that incentivize
private firms to retain on-hand or ready stocks sufficient for one year of production.

To avoid future situations such as the acquisition and then closure of the Magnequench
rare earth firm by the Chinese, the Agency Head of the Department of the Interior should
be added to the committee composition of CFIUS. This would ensure qualified
“commodity specialists at the USGS, as well as mineral and mining experts at BLM and in
the Office of the Secretary of the Interior” reviewed foreign direct investment that could
result in unequal access to U.S. natural resources, and/or damage the U.S.” capacity or
capability to meet national or economic security needs.*®’

Require Mandatory Geological Reporting.

Many countries have robust mandatory reporting requirements for entities who obtain
mineral exploration concessions. In Chile, exploration concessions are only valid for two
years with a possible two-year extension and, when the exploration concession ends, the
entities are required to provide detailed geological survey reports to Chile’s Servicio
Nacional de Geologia y Mineria (SERNAGEOMIN). Once reviewed for accuracy, the
SERNAGEOMIN publishes the information online and free to the public to encourage
application for mining production concessions. By requiring detailed geological reports
and making them public, Chile reduces the number of speculative miners who “claim grab”
without ever intending to mine and can more easily review mining plans submitted by
mining firms. In Australia, annual activity and geophysical survey reports are required for
both exploration and mining titles.® The information is turned-over to the Australian
States, which have the “responsibility for acquiring, storing and distributing this
information.” This ensures that the country as a whole obtains critical information
regarding mineral deposits and production capacity.

The United States should adopt a similar approach and make mandatory reporting a
condition of acceptance prior to approving a Plan of Operation to mine on federal lands.
Doing so would help offset the costs of mapping and cataloging deposits, inform future
exploration and production efforts while reducing the number of speculative miners who
never intend to mine productive lands. This recommendation also carries
acknowledgement that the U.S. Government may need to sponsor more mineral
exploration, as individual firms could be less incentivized to devote resources when
required to share the information they obtain.

Support Development of Mining Industry Human Capital.

Modern mines in the U.S. rely more heavily on skilled trades and STEM graduates than
their historical counterparts. To remain competitive, the U.S. should promote advanced
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11)

12)

States.
the GDP, has now tapered off. Mines have closed, jobs have moved overseas. Even when mining
operations resume for certain materials (such as the rare earth element mine in Mountain Pass,
California), it remains economically unfeasible or environmentally undesirable to undertake
certain processes within the value chain, such as mineral processing, domestically. Instead, the

worker training and professional STEM programs. The Federal government, through the
reinstated USBM, should increase mining-related STEM scholarships. The USBM should
consider targeting individuals already working in relatively lower-level mining jobs who
wish to advance to professional positions. The Federal government should also increase
the number of visas offered to foreign STEM graduates to come work in the U.S. mining
industry.

Increase Public Understanding of Mineral Importance.

Most Americans do not appreciate the importance of mining to U.S. economic security and
the transition to a low carbon economy. Better public awareness could substantially
increase the support for U.S. mining as well as interests in mining research, development,
and professional careers. Such support could lead to fewer legal challenges to responsible
mining proposals and a more competitive mining industry. The Department of Commerce
or reinstated USBM should promote a public awareness campaign focused on the
improvements to health, safety, and environmental impacts, while acknowledging the risks.
The campaign should also emphasize the need for specialty minerals in the development
and deployment of low-carbon energy solutions, as well as the outsourcing of
environmental damage currently taking place in many developing countries. Finally, public
education should include changes to junior high and high school earth sciences courses to
include information on the uses and importance of minerals in wind, solar, tidal, and other
low carbon energy sources. Such efforts will encourage people to consider mining jobs less
in the historical context and more in the modern, advanced technology context.

Coordinate Mineral Policies with Like-minded Nations.

Establish a new initiative - the Rare Earth Minerals Initiative (REMI) - to demand
transparency, rule of law, anti-corruption measures, open markets, and respect for labor
and environmental standards. While the U.S. participates in current efforts to address these
issues and promote good governance, they do not go far enough. The United States, Japan,
the European Union and South Korea should be encouraged to join as the key consumer
states, while Australia, Canada, Brazil and others should join as key provider states. REMI
states would coordinate approaches to developing more diversified supply chains and
reduce leverage of hostile states. REMI states should coordinate research and development
efforts, establish secure supply and purchase agreements for critical minerals, and support
the mobility of mining related human capital. REMI states should also consider requiring
companies working with rare earths or other critical minerals to obtain supplies only from
producer states that can meet REMI standards.

Conclusions

The plight of the American mining and metals industry is a common story in the United
Similar to manufacturing, what once was a booming industry contributing significantly to
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U.S. has turned from one of the world’s premier mining and exporters of raw materials to an
importer heavily reliant on trading partners for 62 mineral commodities.®® Further exacerbating
the problem is that the U.S. imports many of those commodities from major competitors or
adversaries such as China and Russia.

The lack of domestic mining capabilities and import reliance poses a considerable threat to
the nation’s economic and national security. Without strategic materials, U.S. firms cannot
produce the goods and technologies that make everyone’s lives more sustainable and keep us safe
from those who would do us harm. Thus, developing a vibrant domestic mining industry is crucial
to the U.S.’s ability to shore up the strategic material supply chain.

For better or worse, the government cannot solely rely on the free market to generate
sufficient investment in the domestic mining industry. There is a need for some level of
government intervention to correct market failures; intervention does not mean the government
should pick winners or losers. It simply means applying a whole of government approach to shape
activities that would spur growth in the industry, whether that is protecting the industry from
predatory foreign investment or re-instituting a government agency to shepherd our way back to
greater mineral independence.

That said, it is unwise to think that the U.S. can simply dig its way out of our mineral
dependence on other countries. The global economy has made it easier and cheaper for the U.S.
to obtain the raw material from abroad, and cost savings will always play a factor in what
sectors/goods companies choose among to either make, buy, or invest. However, if the U.S. does
decide to import certain metals and minerals, then it should do so from countries that are our allies,
not our competitors or adversaries who could use that leverage against us in the geopolitical
arena. One solution already underway is the bilateral agreements with partner nations for certain
minerals. Those should be expanded as much as possible with as many nations that want to work
with the U.S.

Several limiting constraints on the government’s ability to put more of those agreements
in place center around resources—time, personnel, and funding. Those constraints are not unique
to international trade or diplomacy. Certainly, the success of many of the recommendations
outlined in this paper will depend on the availability of funding and personnel. That is why
leadership at the local, state, and federal levels is required to craft a comprehensive message to the
American people explaining why the U.S. cannot afford (both from an economic as well as national
security perspective) to rely on foreign nations to supply critical material continually.

Without the support of the American people, Congress, the Executive Branch, and even
private industry cannot layout or execute a roadmap to obtaining a healthy, vibrant domestic
mining industry. Obtaining support is the only way to overcome the various social, ethical, and
environmental concerns that linger from a less than stellar history of mining in this
country. Furthermore, mining has evolved into a capital intensive, highly skilled industry with a
long and arduous exploration and permitting process. The U.S.’s ability to surge or mobilize in
the case of an event on the scale of the COVID-19 pandemic is extremely limited. The budget
impacts that are coming as a result of the COVID-19 stimulus packages will impact all sectors and
agencies throughout the nation. As a result, the hard choices this country will need to make in
terms of stockpiling, investment, education, military weapons/assets, healthcare, and combatting
homelessness, will make it harder than ever to drum up support for the domestic mining industry.
The mining industry requires a significant amount of investment necessary to turn a declining
industry into one that capitalizes on America’s wealth of natural resources. Without it, the U.S.
will lose out on a pivotal chance to secure this nation’s economic future and national security.
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APPENDICES

Appendix | — Acronym List
AFRL - Air Force Research Laboratory

BRI — Belt and Road Initiative

CO2 - Carbon Dioxide

COVID-19 - Coronavirus

CFIUS — Committee on Foreign Investment in the United States
DLA - Defense Logistics Agency

DPA - Defense Production Act

DPAC — Defense Production Act Committee

ESG - Environmental, Social, and Government (ESG)
EY - Ernst & Young

EBITDA — Earnings Before Interest, Taxes, Depreciation and Amortization
EPA — Environmental Protection Agency

GAO - Government Accountability Office

GDP - Gross Domestic Product

IBAS - Industrial Base Analysis and Sustainment
MIBP — Manufacturing and Industrial Base Policy
ManTech — Manufacturing Technology

MIC — Market Impact Committee

NDS - National Defense Stockpile

NEPA - National Environmental Policy Act (NEPA)
NRC — National Resource Council

PGM - Platinum group metals

POTUS - President of the United States

REE - Rare Earth Minerals

REMI — Rare Earth Minerals Initiative

ROCE - Return on Capital Employed
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ROIC — Return on Invested Capital

R&D - Research and Development

SERNAGEOMIN - Servicio Nacional de Geologia y Mineria
SEPA - State Environmental Protection Act

STEM - Science, Technology, Engineering, and Math
STRATMAT - Strategic Materials

SWOT - Strength, Weakness, Opportunity, and Threat
U.S. — United States

USBM - Bureau of Mines

U.S.C. — United States Code

USG - U. S. Government

USGS - United States Geological Survey

WPB — War Production Board
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Appendix Il — Supply Chain Risks Essay

The GAO recommended that the OSD Manufacturing and Industrial Base Policy (MIBP),
“improve data collection and analysis [and] determine a solution to make better use of existing
lower-tier supplier information from program offices.” To illustrate this challenge in strategic
materials, The figure below depicts the supply risks of critical materials and highlights the number
of levels between raw materials (ore) and the platform (end-item).

Supply Chaln Risks: Ore to End-ltem
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e.g. B-52 F35, Aegis class destroyer

Adapted from Eric Mata of DLA Strategic Material Brief - NDU ES Washington, DC. - March 03, 2020

The end-to-end process from mining ore to separating, processing, and producing materials
in an environmentally safe operation costs hundreds of millions (if not billions) of dollars for
infrastructure, energy, labor, and permits. As highlighted in the case of REES, even having
domestic ore reserves and the functional capacity to mine and extract may be insufficient for
supply chain security, given the inability to fully process the ore in the U.S.1® Note that MP
Materials purchased the Mountain Pass rare earth mine in 2017 after Molycorp filed for bankruptcy
and closed the mine in 2015, yet the key factors that contributed to the mine closure and bankruptcy
then continue to increase risks now. These factors include significant capital investments for
infrastructure and equipment to open, operate, or modify existing mining or processing facilities.

In terms of industrial security, two U.S.-based venture capital firms are majority owners of
MP Materials, however a Chinese firm, Leshan Shenghe Rare Earth Company, has a non-voting
minority interest in the Mountain Pass mine.” For some observers, this raises a flag of potential
security concerns.

While mining and processing REE domestically would reduce some reliance on China,
Russia, and other “fragile” nations such as the Democratic Republic of Congo, it takes 10 to 15
years or longer before a mine becomes operational and costs many millions of dollars. Another
concern for the industrial base is the price for REE from China, and other foreign sources may be
significantly lower than the marginal costs incurred by U.S. firms. As a result, the federal
government may need to expand DPA authorities or Congress may need to prescribe permanent
legislation to better encourage firms to invest in domestic mining.

Page 37 of 58



Appendix 111 — 2019 U.S. Net Import Reliancel™

2019 U.S. NET IMPORT RELIANCE"

Commodity Percent Major import sources (2015-18)°
ARSENIC (all forms) 100 Morocco, Belgium

ASBESTOS 100 Brazil, Russia

CESIUM 100 Canada

FLUORSPAR 100 Mexico, Vietnam, South Africa, China
GALLIUM 100 China, United Kimgdom, Germany, Ukraine
GRAPHITE (natural) 100 (China, Mexico, Canada, India

INDILM 100 ‘China, Canada, Republic of Korea, Taiwan
MANGANESE 100 Soulh Alnca, Gabon, Australia, Georgia

MICA, sheet (natural)

NEPHELIME SYENITE

MNIOBIUM {columbium)

RARE EARTHS® (compounds and metal)
RUBIDIUM

100
100
100
100
100

China, Brazil, Belgium, Austria
Canada

Brazil, Canada, Russia, Germany
(China, Estonia, Japan, Malaysia
(Canada

SCANDIUM 100 Eurgpe, China, Japan, Russia

STRONTIUM 100 Mexico, Germany, China

TANTALLIM 100 Rwanda, Brazil, Australia, Conge (Kinshasa)
YTTRIUM 100 China, Estonia, Republic of Kerea, Japan
GEMSTONES 99 India, Israel, Belgium, South Africa
BISMUTH 06| ‘China, Belgium, Mexico, Republic of Korea
TELLURIUM Canada, China, Germany

VANADIUM 84 Austiia, Canada, Russia, Republic of Korea

TITANIUM MINERAL CONCENTRATES
POTASH

DIAMOND (industrial stones)

BARITE

ZING (refined)

TITAMIUM (sponge)

ANTIMONY (maetal and oxide)

a3
2]
88|

ar
86|
84

South Africa, A lia, Canada,

(Canada, Russia, Belarus, Israal

India, South Africa, Botswana, Australia
(China, India, Morocco, Mexsco

Canada, Mexico, Australia, Peru

apan, Kazakhstan, Ukrainge, China, Russia
(China, Thailand, Belgium, India

RHENIUM 82 Chile, Germany, Kazakhstlan, Canada
STOME {dimension) 81 China, Brazil, laly, Turkey

COBALT 78 MNorway, Japan, China, Canada

TIN (refined) X . Peru, Bolivia
ABRASIVES, fused Al oxide (crude) ‘China, Hong Kong, France, Canada
BALUXITE Jamaica, Brazil, Guinea, Guyana
CHROMIUM South Africa, Kazakhstan, Russia
FPEAT Canada

SILVER Mexico, Canada, Peru, Poland
GARMNET (industrial) Australia, India, South Africa, China
PLATIMLIM South Africa, Germany, laly, Russia
ALUMINA Brazil, Austrabia, Jamaica, Canada

MAGNESIUM COMPOUNDS
ABRASIVES, silicon carbide (crude)

China, Canada, Australia, Hong Kong
(China, South Africa, Netherlands, Hong Kong

GERMANIUM . Belgium, Germany, Russia
IODINE apan

IRON OXIDE PIGMENTS (natural and synthetic) . Germany, Brazil, Canada
TUNGSTEN . Bolivia, Germany, Spain
DIAMOND (iIndustrial dust, grit, and powder) . Ireland, Republic of Korea, Russia
CADMIUM , Australia, Canada, Paru
MAGNESIUM METAL Israed, Canada, Mexico, United Kingdom
NICKEL Canada, Morway, Australia, Finland

SILICOM {metal and farrosilicon)
MICA, scrap and llake (natural)
COPPER (refined)

Russia, Brazil, Canada
Canada, China, Indsa, Finland
Chile, Canada, Mexico

PALLADIUM South Africa, Russia, Germany, ltaly

LEAD (refined) ‘Canada, Mexico, Republic of Korea, India
SALT (Chile, Canada, Mexico, Egypt

PERLITE Groe hina, Mexico

LITHIUM Argentina, Chile, China

BROMINE Israel, Jordan, China

SELENIUM (China, Philippines, Mexico, Germany
ALUMINUM 22 Canada, Russia, United Arab Emirales, China

IROMN and STEEL

P

Canada, Brazil, Republic of Korea

Mot all mineral commodities coverad in this publication are listed here. Those not shown include minaral commadities for which the United States is a nat exporter
(abrasives, metallic, boron, clays, dialomile, gold, helium, iron and steel scrap, iron ore, kyanite, molybdenum concentrates, sand and gravel, industrial, soda ash, titanium
dioxide pigment; wollastonite, zeolites; and zirconium mineral concentrates) or less than 21% import reliant (bendlium; cement; faldspar, gypsum; iron and steal slag; lime;
nilregen (hxed}-ammonia, phosphale rock, pumice, sand and gravel, construction, stene, crushed, sullur, lake and pyrophyllile, and vermiculite.). For seme mineral
commodities (hafmium, mercury, quartz crystal, industrial, thallivm, and thorium), nol encugh information is available o calculate the exacl percentage of import reliance.
In descending order of import share,

*Data include lanthanides.
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Appendix IV

FIGURE 3 : CURRENT STATUS OF DLA STOCKPILES

Critical Minerals | U.S. Depen- Stockpile Status or Import Source
dence % | Government Action
Niobium 100 Current Russia
Quartz crystals 100 | Current China
Manganese 100 | Selling Off South Africa
Tantalum 100 | Current Brazil, Australia, Canada
Yitrium 100 | Current China
+16, Total 21 100 | Not Stockpiled
Cobalt 72 Current China
Germanium 50 Current China, Russia
Lithium 50 Current China
Titanium 91 | Current China, South Africa
Tungsten 50 Current China
24, Total 31 "~ Not Stockpiled
Chromium ® Selling Off Russia, South Africa
13, Total 9 " NotStockpiled
Platinum 68 | Current South Africa
+6, Total 10 ' Not Stockpiled

Source: DLA (National Defense Stockpile), GoldGe{-)logist.com
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Appendix V
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FIGURE 4 : DLA STOCKPILED COMMODITIES OVER TIME
Time Period Number Value $
Korean War (1952) 75 8.9 billion
Mid 1950s (1956) ] | 10.4 billion
Late 1950s (1958) 12 :
1962 ] | 7.7 billion
1965 . 6.1 billion
1999 40 J' 3.5 billion
2001 33 | 2.5 billion
2006 22 | 1.6 billion
2011 14 1.4 billion
2016 18 | 1.2 billion
Source: DLA (National Defense Stockpile), GoldGeologist.com




Appendix VI — Innovation in Strategic Materials

Innovation Definition

Deloitte’s Innovation in Mining series offers a definition of innovation in the mining
industry: “innovation [as separate from invention] is the creation of a new [to our market or the
world], viable [creating value for both our customers and ourselves] business offering [ideally
going beyond products to platforms, business models and customer experiences]*’2.” In this
publication, Deloitte also introduces a model known as the “Innovation Ambition Matrix” to
measure where an industry or company falls on the spectrum of levels of innovation.'”® Figure 1
illustrates the distribution of the mining industry on this matrix based on a study which analyzed
information gathered from mining companies. The results of this study show that the majority of
mining innovation occurs in the core level (68%), with very little true invention or transformational
innovation occurring.*’

Figure 1 Innovation Ambition Matrix!™

INNOVATION AMBITION MATRIX

. "‘L““"* “""‘I’ TRANSFORMATIONAL
markets, targe
18w CONSUMers P
/. \
110%)
\
ADJACENT S—
Enter adjacent
markets, serve T —
adjacent ,-/ \\\I
consumers (\220/0}!
CORE ___.,_/
Serve existing v
markets and _.f/ \
consumers 0 |
k 8% |
\'\.. _.-//
LIse existing Add incremental  Develop new
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Current State of Operations and Drivers of Innovation

There are several major factors which contribute to understanding why there is such an
innovation gap in the mining industry. First, success in the mining industry requires a large initial
capital investment balanced against the prospect of long-term profits. Mining companies operate
on the margin, optimizing opportunities to streamline existing processes. Another major factor are
the time horizons of the mining industry. Per the “Mineral Development Sequence” (Figure 2),
after the pre-exploration phase, it takes 15 to 20 years of focused energy and efforts on core

Page 41 of 58



processes for most mines to become operational and generate a profit'’®, Finally, a limiting mindset
contributes to lack of innovation initiatives, meaning a “low risk appetite gets in the way.”’’

Figure 2 Mineral Development Sequence’®

Mineral Development Sequence

» Geo-mapping ' vals . 2sion i ar '
 Land-use plan tal of mine fiele ' 1 ce
[ k i closure plan 1_exploration) | » EA compliance '
Pre ! : ! 0 : :
. 1 : H ! | P i\ Post-Closure
exploration /i i Development | Operation H Closure —
7 to 10 years 5 to 10 years :

5to 30 years 2 to 10 years

Maximizing benefits to communities from mining-related activities necessitates community engagement and

readiness throughout the mineral development sequence

The authors of “Paths for Innovation in the Mining Industry” suggest that, though
innovation does exist, adoption of new technology is not largely embraced.}”® Therefore, many
industry analysts point to the suppliers of mining equipment as the drivers of any innovation that
does occur. The suppliers have the and initiative to continuously create more efficient and effective
equipment to maintain or grow their market share. Historically, it has been the suppliers
developing the innovative technologies that lower costs and allow mining companies to remain
competitive.

Information Technology in Mining and Metals

Information technology (IT) has played a key role in the mining industry of the 21% century.
As minerals become scarcer and more difficult to discover and mine, IT is becoming more
important in finding and exploiting efficiencies at every stage. In 2015, the mining industry spent
about 1% of revenue on IT, lagging most other industries that spend from 5% to 7%.%8° However,
the International Data Corporation (IDC) expects IT spending within the mining industry to
increase by 50% in 2020.18! The World Economic Forum (WEF) estimates that digital
transformation can save the industry $320 billion through 2025.182 By fully leveraging these
information technologies, mining firms can reverse the trends of declining productivity and allow
them make investments in future resources. The key is for the industry to adopt well-proven
technologies that have shown promise in other similar industrial uses.

IT in Prospecting and Exploration

GoldSpot Discoveries Corporation reports that there is only a 0.5% chance of success in
finding a completely new mineral deposit (greenfield exploration), with the chances increasing to
5% if exploring near a known resource (brownfield exploration), contrasted to the success rate for
oil and gas discovery at 88%.18% Between 2005 and 2014, MinEx Consulting estimated that $140
billion was spent worldwide on exploration only to uncover $93 billion in estimated value of
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discoveries, or a dismal 57% value / spend ratio.’3* One of the key limiting factors in this stage is
the reliance on human beings to interpret and analyze enormous amounts of data.

Lack of information is not the problem; it may actually be the opposite problem. A single
drill sample can create 200 megabytes of data, with a single exploration creating terabytes of
data.’8> There is simply too much information for a single person or even teams of people — to
accurately and consistently analyze. Machine learning (ML) is a subset of artificial intelligence
(Al) that enables computers to “learn” from data and predict results or outcomes. By analyzing
historical data, along with other data like output and profitability, ML programs can “learn” to
make the connections between seemingly disparate and unrelated data in order to formulate
predictions about future discoveries. These predictions could include new places to explore based
on surrounding surveyed areas, including greenfield and brownfield sites. The outputs of ML
applications are not meant to replace human decision making, but to supplement it (known as
augmented intelligence).*8 Intelligent systems will analyze data and predict probable economical
locations, but ultimately the decisions must still be validated by humans making judgment calls
regarding risk levels.

IT in Mine Operations / Extraction

Operating a mine is expensive and labor intensive. Due to the very high costs of
discovering and exploiting new resources, mining companies have focused most of their IT efforts
on “sweating existing assets” through autonomous operations at currently operating mines.8’
Autonomous equipment can operate nearly continuously, reducing variation in tasks and also
reducing manpower costs.8 Autonomous haul trucks, blast hole drills, and bulldozers are all able
to operate with less cost, more reliability, and greater worker safety than even the most efficient
manned operations.’®® Autonomous haul trucks have saved one company 20% over manned
costs.'®® McKinsey & Company have estimated costs savings of autonomous haulage as high as
40% depending on the costs of local labor.%!

Predictive maintenance is another area that can continue to benefit companies. By using
predictive analytics, mine operators can discover linkages and relationships between data to
develop indicators of impending maintenance issues. Many operators base their maintenance
programs on manufacturer’s recommended intervals (such as number of miles driven or number
of running hours). Successful predictive maintenance programs can quickly result in very real
savings for a large fleet. For example, within six months of implementation, a large North
American mine was able to achieve 12% savings in its maintenance program while simultaneously
increasing availability by 5%.%% One of the major challenges with optimizing these processes is
simply the sheer amount of data available. According to McKinsey & Company, “in 2015, more
data are generated every day than existed in total through 2003.7%% Further, some companies use
less than 1% of the data already available from their equipment.'®* This presents an enormous
potential to harness the available data to identify process bottlenecks and remedy them.

IT in Processing

Much of the technology discussed in mining operations can be applied to processing as
well. Processing benefits from automated vehicles, equipment, and process controls much in the
same way that mining operations do. Companies have found success is applying advanced
analytics to improve processing operations. By identifying second and third order linkages that
were previously hidden, one gold mining company was able to improve yield at its leaching plant
by “3 to 4 percent within three months.”*% Using advanced modeling techniques, the company
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discovered that variations in the dissolved oxygen level were the greatest driver of yield. By
making some small tweaks to the oxygen system, the company was able to sustain a $10 to $20
million dollar per year improvement to profit margin.1%

Government

Though other countries have made significant commitments to stimulate innovation inside
the mining community, the U.S. is not keeping pace when it comes to spurring and sponsoring
innovation in the mining industry. The U.S. Bureau of Mines (USBM), formed in 1910, played a
key role in developing innovative mining technology. However, the recession in the 1980s led to
closures of nearly all research and development programs for mining. In the following three
decades, there was little to no focus on research and development in the mining community with
government sponsorship. The Defense Appropriation Act provided some stimulus towards
strategic materials, but specified that it did “not include the authority to encourage the exploration,
development, and mining of strategic and critical materials and other materials.*®”” This recently
changed when President Donald J. Trump issued Executive Order 13817 in December of 2017, A
Federal Strategy to Ensure Secure and Reliable Supplies of Critical Minerals. This order is
focused on addressing the vulnerabilities in the strategic materials’ supply chain, but it also calls
on increasing research and development investments to preserve our leadership in technology
innovation®®®, The order listed several goals, including one to “enhance scientific and technical
capabilities across critical mineral supply chains” and “increase U.S. private industry investment
in innovation and improve technology transfer from federally funded science and technology”%°.
These goals and their supporting objectives and incentives could provide the catalyst for
innovation inside the U.S. mining industry, as well as shift the innovation back to the mining
companies who have a holistic view of mining operations versus the narrow focus of suppliers.

U.S. National Innovation System

Fortunately, there is a system designed to stimulate innovation, known as the National
Innovation System. The U.S. Innovation System is comprised of three elements: the business
environment, the regulatory environment, and the innovation policy environment.?%

When we examine the business environment of the mining system, two subcomponents
that drive behavior are time horizons and the risk associated with R&D. This is illustrated by a
survey from 2004 of over 400 U.S. executives who overwhelmingly (80%) said they would spend
less on R&D and other discretionary spending to meet short-term targets; and more than half stated
they would delay new projects even though they would create value in the long-term.2%

The next element of the National Innovation System is the regulatory environment, in
which the U.S. government plays a major role. In some cases, regulations will stimulate innovation
through tax, trade, and economic policies. In the mining industry, regulation has thwarted
innovation, due to environmental and safety concerns, which are heavily influenced by social and
cultural factors. This creates a financial burden and shifts resources away from R&D. Additionally,
corporations are spending resources on safety precautions and social factors, such as preserving the
environment, that take away from the bottom line, leaving fewer resources for R&D.

The third element is the innovation policy environment. Prior to the USBM closing, there
was an agency that was geared towards providing direction, incentive, and policies to encourage
innovation. As highlighted above, following the closing of the agency until the passing of President
Trump’s Executive Order, there has been little to no effort from government to collaborate with
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research labs and academic institutes or industry. Again, this is another reason why we are not
seeing innovation in this industry.

If the industry is going to thrive, it must discover ways to move into transformational
innovation. They cannot succeed by making the same products better and better, rather, they need
to develop “breakthroughs and inventing things for markets that don’t exist yet?°2”. The root of all
struggles for innovation comes down to the core of financial risk of shifting from building
efficiencies to true innovation. The intensive capital requirements, coupled with long time horizons
required to generate profits, creates a risk averse environment focused on safe and incremental
efficiencies. Ultimately, injecting fiscal resources into the mining industry solely to be used for
innovation would alleviate some of the risk associated with innovation.
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Appendix VIl — Human Capital as a Source of Competitive Advantage

Over the past decade, the United States (U.S.) has been in a race for high-tech supremacy
with China, the leading rival nation in this dimension. However, the U.S. lacks adequate resources
in terms of the necessary human capital to secure its lead in this race. While China has adequate
high-quality skills that have contributed significantly to its economic growth, the U.S. lacks STEM
(science, technology, engineer, and math) qualified skills in the workforce, which limits its
invention, research and development, and the profusion of new technologies that are essential to
the country’s economic growth and progress.?%

The U.S. Congress recognizes that the expertise of specialists in STEM is necessary for
technological inventions. For this reason, it empowers Congress to promote the progress of science
and other necessary arts by providing investors with patents. The U.S. government is committed
to providing funding to enhance the STEM labor supply and promote research and development.
Despite the emphasis placed on developing and maintaining STEM skills, there is still a lack of
sufficient STEM skills in the American workforce. Not only does the lack of adequate STEM in
America’s workforce negatively impact its economy, but it also impacts the country’s national
security negatively. The U.S. military depends on advancements in science and engineering to
prevail in current and future conflicts, in particular, in minimizing casualties and in fulfilling other
humanitarian missions.

The discussion that follows critically analyzes the concerns of the relevant stakeholders
with regard to the shortage of STEM skills in the workforce and its impacts on the national security
of the U.S. In recent years, there has been a shortage of workers and candidates to fill positions
related to STEM in nearly every industry in the U.S., negatively impacting the country’s
competitiveness in science and technology. Among the reasons behind this acute shortage is the
stagnant and low performance of students in math and sciences and the underrepresentation of
women in STEM fields.

According to researcher J.V. Winters, the shortage of STEM qualified skills begins with
America’s education system. In his assessment, only a few American students in the fourth grade
are proficient in math and science and, even by the time they get to the eighth grade, students have
not yet gained the right degree of proficiency in these fields. In the eighth grade, a student has to
decide to either pursue a career related to STEM fields or not.?®* On average, from this point on,
the student will take eight years to graduate with a bachelor’s degree in his STEM field of choice
and another four years to attain his PhD. Most students view pursuing a career in the STEM fields
as too much hassle, taking up too much of their time that they could invest in building a much less
demanding career.

The early age of career selection and specialization in the U.S. education system is not only
a challenge for the students, but also a concern to stakeholders in companies and government
organizations. It presents a challenge in predicting future technological changes. Hence, the
stakeholders are not able to predict future demand for specialized STEM personnel to support the
national security needs of the country.

STEM s crucial in maintaining a nation’s strong economy and protecting its national
security, making it extremely important that the U.S. has a productive and high-quality STEM
workforce. The U.S. youth is less interested, however, in pursuing careers in the STEM fields
compared to youth in other countries such as China and the European region. As a result, the U.S.
has, on many occasions, been forced to bring in foreign nationals to work in its research
universities and provide them with incentives to remain and continue to contribute to the country’s
well-being. Currently, non-U.S. citizens attain more than half of the engineering PhDs received
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in the U.S. each year. Among PhD graduates, 38% leave the U.S. within five years of their
graduation, leaving the country with a shortage of this essential skill.?%

Employers in the U.S. have reported an acute shortage of STEM workers. This requires
U.S. employers to employ STEM professionals overseas despite the high cases of unemployment
in the country. Some employers, including the late Steve Jobs, reported hiring STEM personnel
from countries like China because there were high numbers of qualified potential candidates from
which to choose to fill vacant engineering positions, unlike in the U.S.2% The U.S. Department of
Defense (DoD) recognizes that the main problem the country faces in STEM skills application is
not unemployment; instead, it is the knowledge gap that is still present among the potential STEM
workforce. In fields such as intelligence and cybersecurity, the DoD predicts an acute shortage of
the necessary STEM workforce. The aerospace and defense industry lacks enough aerospace and
mechanical engineering staff and potential candidates to fill vacant positions in these areas. The
uncertainty of the future and the rapidly advancing technology in STEM is predicted to cause a
further shortage of STEM workers in the evolving fields in the near future.

The lack of STEM skills in the U.S. presents a challenge for the nation’s entire workforce
in the technology-driven economy. STEM is a crucial component of the country’s national security
and underlines the critical shortages of these skills in the U.S. The current STEM employees in
the defense and aerospace industry are mainly aerospace engineers. The overall shortage of
engineers and scientists in the U.S. is expected to get more severe as a result of globalization,
consequently, affecting U.S. national economic security negatively.

Currently, it is easy for commercial firms to get the STEM workforce they need from
abroad, especially with the vast STEM education taking place abroad and particularly in
developing countries that produce relatively highly qualified potential STEM professionals.
Globalization opens up doors for local firms to move abroad and bring with them the prototype
shops that innovate, design, and implement new concepts, production lines, and maintenance
facilities. With most of the future consumers of these companies being from developing countries,
the companies will be more incentivized to take their manufacturing and engineering business
activities to these developing countries, thus affecting the country’s economy negatively and
increasing the rate of unemployment.

Because the DoD cannot move their activities abroad like the commercial firms, however,
they will continue to suffer the shortage of STEM workers. The high rates of unemployment will
discourage more people from pursuing STEM-related careers, and this will affect non-commercial
aerospace and defense industry’s activities negatively in the long-term. STEM’s skills and
knowledge need to be continuously developed so that they can meet the needs of future
technological development and innovations. This department will face challenges in filling STEM
ranks with the best quality skills, especially with the notion that working for the government is
less fulfilling than working for commercial firms. The few U.S.” PhD graduates seek employment
in the commercial industries that also need STEM skills.2” Most of DoD STEM jobs require U.S.
citizenship, but with time, as the shortage in STEM skills continues, the DoD’s required to take
measures like defining which jobs are most sensitive and require U.S. citizenship than others and
utilize talent from abroad for the less sensitive STEM jobs.?%® Doing this has potential adverse
effects on national defense security in the long term.
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RIO TINTO HISTORY

Exploration in Africa,
Australia (AU), &

Canada.. Uranium & ARz EEmEm:

A A=Al mine discovered
Bauxite mining
activities. . X
AU iron ore business

founded. UK & AU

Expands Spanish copper L
entities merge.

business into Northern leader in Iron &

Business w/Japan.

Acquires Cu assets in
Chile and U.S. Global

RioTinto

Recognizes

environmental

considerations. Appkesinding member of
ICCM; safe, fair and
sustainable mining and

A decade and the
beginning of an era of
sustainable mining
business initiatives.

carbon pricing.

metals industry. Cu
mining in Mongolia. &
Arizona. Diamonds in

Rhodesia RS US B titanium dioxide Canada,
\ feedstock. \ \
@ @ @ @ @ @ @ @ @ @
1873 1950s 1960s 1990s 2000s 2010s

1925 1970s

INTERNATIONAL!

1980s

2020

IZATION

RIO TINTO SCO

Value Chain:

¢« Company Dual-Listed on London
Stock Exchange: Rio Tinto PLC (RIO)
& Australian Securities

Exchange: Rio Tinto Limited (RIO)
British Branch Traded on NYSE
Operating in 36 countries / 6
Continents

60 Operations (Mines, Port Terminals,
R&D Facilities, etc.)

46,000 employees

2,000 customers across 96 countries
200 contracted ships managed at
any one time

37,000 suppliers in 120 locations

Company

MININGI

RioTinto

PE

ICOM

Headquarters Operatio Market = 1Y Change %




RioTinto

RIO TINTO MARKETS

Aluminium Copper & Diamonds

+ Industry-leading bauxite position = Significant producer of copper from our assets in the
+ Alumina refineries provide competitive security of USA, Mongolia and Chile
supply for our smelters = Diverse diamonds business
+ Sector-leading pnmary aluminium metal EBITDA * Maximises our technical underground mining
margins, driven by low-carbon, low-cost power expertise

Energy & Minerals Iron Ore

« Leading supplier of titanium dioxide feedstocks, * World-class Pilbara operations in Westemn Australia
zircon and borates = Supplies our premium Pilbara Blend lump and fines
« Supplier of uranium products

. + Industry-leading margins supported by automation,
gﬁg IE)(;ﬁ.-e(t?mpam)cr of Canada produces concentrates innovation and technology

Gutierrez

WHY THESE MARKETS2  [EEEEE
COMPETITIVE ADVANTAGE

Minerals &

Iron Ore W(:‘I:I)ﬁiprﬁgd Aluminium Ventures Exploration
World leader World leader Products for World leading
growth
the future

Transition to the
low-carbon economy

Urbanisation Electrification

Gutierrez




RioTinto

RIO TINTO STRATEGY

“Our strategy is to create superior value for shareholders
by meeting our customers' needs, maximizing cash
from our world-class assets and allocating capital with
discipline. We do this by focusing on the ‘four Ps":
Portfolio, People, Partners and Performance.”

Doesn’t Do: Volume over Value; Fossil Fuels

- r a L

1 \ Al 1 Mi u Li

1 8 b
Internationalization & Global Strategy L Perform & ’ F
Tntegration / Responsiveness Framework . =
PRy . . Transform "
s Perform today Transform for tomorrow
STRATEGY

- Forces for — i Performance Partners

Local Responsiveness.

Forces for
Global Integration

Gutierrez

RioTinto

IS 1T WORKING?¢

Maintained industry-leading profitability.. ..

Return on invested capital*, post tax Average ROCE 2009 to 2019 of 16%
3% Average ROCE 2001 to 2008 of 22%

30% Only one year of single digit ROCE

5% in two decades

20%
15%
10%

5%

0%
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Range for key diversified mining peers™ “—Rio Tinto

‘Souree: CSFB and company nformation.

* Average . BHP, Glencore and Vale

Gutierrez




RIO TINTO OPS EERE

INTERNATIONALIZATION & ACTIVITY LOCATION

America

,’b

Key

-5,
WPas B R LT ee - ’ -
) sttt g Africa »
....-M.-.. South
Coppur b1 America % !
Errry & Wars als [

Australasia ¥

d
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INNOVATION RS
EXPLOITATIVE BUSINESS

Exploitative Delivering $1.0-1.5bn additional free cash flow each year from 2021

Business

$1.0.1.50n productivity
Productivity kevers. opportundty in 2021 L focus across the value chain

Strategic cost, profit

intent
Best
practice

Commercial excellence and customer focus
Critical tasks operations, efficiency,
incremental ‘
innovation g
. : supplives
Competencies operational
Structure formal, mechanistic @ Dota &
technology

<%
Optimised i Oplimisod Opfimised
m“ aticincy ; . capacity
schesfubng -
Controls, margins, productivity «Iron Cre

rewards « Aluminium
= Energy & Minerals
. . Automation -
Culture efficiency, low risk, @ = Copper & Dlamonds O 0 o O
quality, customers

Leadership  authoritative, top- *3 New Centers of Excellence — Processing in Montreal, Surface Mining in Perth
ol down and Underground Mining in Brisbane

Gutierrez




INNOVATION RIS
EXPLORATORY BUSINESS

Exploratory

Exploring across 18 different countries

Business Expendilure by region, 2013 o 2018

$231 million spent on greenfield exploration
In 2018

Expendiure by commodity

100%
Strategic innovation, growth
intent
A W Copper
Critical tasks adaptability, new [—
products, breakthrough 6% S
innovation mlren Ore
Competencies entrepreneurial 4 W Bauxite
Structure adaptive loose % ctner
Controls, milestones, growth 0%
rewards 2013 2014 2015 2016 2017 08
mOECD+Peru  mNon-DECD
Culture risk taking, speed,
flexibility,
experimentation *7 different commodities being explored in 17 countries (2019)
Leadership visionary, bold
role

INN OVAT|O N RioTinto
TIMELINE

First Aufonomous z -
Haul Truck Loaded Fusion Modelling

and Deployment

Unit Established

2008 2009 2010 2014 2015 2016 2017
Q O O O O O O

Pgnmw Sr;'me Predictive Asset
opper Heap
Lsaching Health tool
Yil
-
4 ! 3

Gutierrez




Porter’s Five Forces Model RioTinto

Rio Tinto Market’s Analytic Boundaries

Competitive Rivalry

-Number of Competitors -
-Quality Differences Bargaining Power of Buyers/Customers

Threat from New Entrants -Other Differences -Number of Customer
-Barriers to Entry -Size of Each Customer Order
-Time and Cost of Entry -Differences Between Competitors
-Economies of Scale -Price Sensitivity
-Cost Advantages -Buyers Ability to Substitute
-Technology Protection -Buyers Information Availability

-Switching Cost
Bargaining Power of Suppliers
:yi:;n;e;:;;?;;;hers Threat from Substitutions Product
-Uniqueness of Product '(S:Ub:t';uctl? Performance
-Ability to Substitute SEBSCEENES
-Cost of Change Competitive Rivalry (Cont.)

-Cost of Change

-Customer Loyalty
-Cost of Leaving Market

Medlin

Porter’s Five Forces Model

Rio Tinto Market’s Analytic Boundaries

ASSESSED AS WEAK

Relevant Drivers (Across the I°)
8§ Large multinational companies that are vertically mtegrated
8 Process requires access to bauxite

= Intense Capital Investment / High Fixed Costs

= Price Fluctuations

= Expanding Difficult

= China _—
NEW - 'm
ENTRANTS Rio Tinto Strategy s <. SO
-Barriers to Entry = Economy of scale advantage —— : —
-Time and Cost of Entry P i i i " h
Eeomomies of Seale = Focus on innovation to differentiate o ! _
-Cost Advantages Its pl’OdUCtS "’
-Technology Protection = Marketin g Siarwhmedet o [F—.

Medlin




Porter’s Five Forces Model

Rio Tinto Market’s Analytic Boundaries

ASSESSED AS MODERATE
m Relevant Drivers (Across the I°)
Large Companies w/Financial Muscle

8§
§ Aviation, Automotive, Construction, Packaging
8§ Seek to Negotiate Long-Term Contracts at Fixed Rates
8 Undifferentiated Product
§ Competitors are Attractive
§ Easy to Pass Costs to Consumers
AR 5§ High Switching Costs e —
BUYERS . |
-# and Size of Customer R ey B
R Rio Tinto Strategy - -
Price Sansitiity * Focus on Innovation and differentiation A
P b B = Marketing aims to build brand loyalty —— Y i
Switching Cost * Focus on low-income buyers e

Medlin

Porter’s Five Forces Model

Rio Tinto Market’s Analytic Boundaries
ASSESSED AS WEAK

m Relevant Drivers (Across the [°)
§ Lightweight, strong, and cost-effective

§ Threat of substitution in packaging, transportation, and structural

support

8§ Requires production processes changes and additional research

§ Price subject to fluctuation

8§ Suppliers provide substitutions as well

THREAT FROM P .
Sy o finto Strategy ;
_Substitute = Higher quallity product :
Performance = Differentiating products ]
“Cost of Change * Market research to meet customers
needs

Medlin




Porter’s Five Forces Model

Rio Tinto Market’s Analytic Boundaries

POWER OF
SUPPLIERS

-# of Suppliers
-Size of Suppliers
-Uniqueness of Product
-Ability to Substitute
-Cost of Change

ASSESSED AS MODERATE

Relevant Drivers (Across the [°)

= Raw Materials Suppliers Have Less Control Over Prices

= Product by Suppliers is Standardized with Low-Switching Costs
= Low Substitutions

» Low Threat for Forward Integration

= Pricing Closely Tied to that of Suppliers

Rio Tinto Strategy T ——

= Purchase Raw Materials at Low Cost ey O Gy i
from Supplies i
-- Switching Costs are Low
-- Multiple Suppliers w/in Supply Chain ™ - y

» Enter Long-Term Contracts with Energy ™ 25 s

Suppliers sl
Medlin

Porter’s Five Forces Model

Rio Tinto Market’s Analytic Boundaries

COMPETITIVE
RIVALRY

COMPETITIVE

RIVALRY
-# of Competitors
-Cost of Leaving Market
-Quality Differences
-Other Differences

ASSESSED AS STRONG

Relevant Drivers (Across the I°)

» High Concentration Ratio — Multinational Companies
Dominate

» |ntense Capital Investment / High Fixed Costs

» Location, location, location...

» Energy Intensive Ops

= Expanding Difficult

Figure 12: Drivers of degree of rivalry in the global aluminum industry, 2017

= Little Differentiation .. . N

Rio Tinto Strategy onmgme O yewens

= Vertical Integration e 1 o ; g0t

*= Focus on Asia (71% Market) 3

= Differentiate (ASI Certified) N
= Diversification S, | (-
* |nvestin R&D tms ctplyes owtnsdcons

Medlin




o

RioTinto

Comparative Advantages

Size, Scope, & International Reach
o Vertical Integration
o Leading supplier of titanium dioxide feedstocks, zircon N Sy
Endiborates e Emulate market Rewrite industry
leader's functional 1o exploit a unique,

° High Quality Mines g i) approach, strengths industry-wide advantage
o Tier 1 Copper Mine (Oyu Tolgoi — Mongolia) E‘
o Kennecott Mine (Higher Grade) 3
=}
o High End products - “Value over Volume” ‘é‘
o Pilbara Blend Iron Ore = ‘
= Gem Quality Diamonds - Diavik Diamond Mine = EECHUCE  Resegment the market Create and pursue a
) . ) [market nicha) to create a niche unique advantage
o 1t Mining company - certified by Responsible Jewlery
Council *
o Significant Investment in Exploration, Innovation &
Technology
, . ) Same game New game
> Discovered new mineral - Jaderite (traditional rules) (reviritten rules)
o AutoHaul Train, fully integrated mine operation and
simulation systems (Koodaideri) How to compete
+ (e Resmons sl & dusslielo Ly Source: Rio Tinto 2018 Annual Report and Rio Tinto Chart Book (2019)

o 2.4Amt reduction in greenhouse gas emissions
Petrofsky

RioTinto

Strategic Position: Scope Choice

What Rio Tinto does not do:

o Fossil Fuel Production (only major mining company to do so)
o Sold Hail Creek and Kestrel mines; sold Valeria and Winchester South coal development
projects

o Specialize in only one market or low-end product offerings
o Manage and control all operations and joint ventures (this does open them up to risk)

o Overlook local communities and suppliers

Source: https://www.riotinto.com/footer/suppliers
Petrofsky




Comparative Advantages -
Aluminum

o 2nd Jargest bauxite producer in the world
o Size, quality, proximity to markets
o Amrun Bauxite Mine

5

bauxite mines in Australia,
Brazil and Guinea

14

aluminium smelters in

4

o Canadian Operations
o Low first-quartile cost curve
o Low-carbon, low-cost hydropower

7

Canada, Australia, New
Zealand, Iceland and Oman

o 1t Producer to have metal certified
“responsible” by the Aluminum Stewardship
Initiative (ASI)

o Value added product (VAP) enhances
margins

o VAP 54% of portfolio, targeting >63%
o New wheel alloy called Revolution-Al™
o low CO2 aluminum

2

wholly-owned port and rail
facilities serving our plants
in Canada

3

and Australia

RioTinto

alumina refineries in
Australia, Brazil and Canada

hydropower plants in Canada
supplying 100% of the
electricity we use there

research & development
centres in Canada, France

Source: Rio Tinto 2018 Annual Report and Rio Tinto Chart Book (2019)

Petrofsky

Strategic Position:

High
Advantage #1

Strategic
Positioning

Degree of Product
Differentiation

Low

RioTinto

Low Advantage #2 High

Degree of Environmental Impact

A

Petrofsky




Value Proposition Through the

i

“Four Ps”

People

Consistent
Reinforcing

Activity
System

A focus on the
‘four Ps’

Performance

RioTinto

Aligns to Strategy:
Meet Customer

Needs, Maximize
Cash, Allocate
Capital w/Discipline

Source: Rio Tinto 2018 Annual Report,
pg. 16.

Petrofsky

Activity System Map

People Portfolio

Performance

High-End
Products
(Pilbara Iron
Ore Blend)

4 Market
Segments

ulkula
Mine
Training
Center
bauxite

in 17
countries

Vertical

Automation Integration

Courses

Jaderite
Exploration
(for Lithium

Batteries)

Extensive
Exploration
($250M
per year)

Critical Risk
Management
Program

Commercial

Mine

2

Mine of the
Future
Programme

rance
AU Q

Automation

System

Low-
Carbon
Emissions

AutoHaul

RioTinto

Partners

IV w/
China
Minmetals

Quebec
Agreement

140
Aboriginal
Businesses

Local
Suppliers

5 Learning
Programs
w/China
SASAC

Elysis
Project w/
Alcoa

Supports
AU’s first
Indigenous
Owned Mine

Petrofsky




Key Performance Indicators

2018
$11.8 billion

in cash from operations

$8.6 billion

in cash from divestments

$13.5 billion

of cash returns declared

to shareholders

RioTinto

L
$5.4 billion >2,000
of capital expenditure
$4.1 billion >$12.3bn
reduction in net debt
$42.8 billion 226%
direct economic contribution g =
- D

Source: Rio Tinto 2018 Annual Report, pgs. 3 and 19

Petrofsky

Key Financial Indicators

United
Company
RUSAL

Measure

Profitability Ratios

Sales Growth

Return on Assets (ROA)

Return on Invested Capital
(ROIC)

Return on Equity (ROE)

Profit Margin

Weighted Average Cost of
Capital (WACC)

1.2%

14.6%

17.8%

31.2%

33.7%

9%

China

Honggiao
Group

-7.9%

3.2%

4.5%

9%

6%

7%

3.1%

10.8%

12.6%

32.6%

16.5%

7.5%

Source: MarketLine Financials — all numbers are from 2018

RioTinto

Interpretation

Issues w/U.S. tariffs, alumina supply disruptions, steel demand in
China

Outstanding! (average ROEs in the mining industry are between 5-
9%)

Excellent; ROIC > WACC = value because firm is investing in profitable
projects/capital expenditures

Excellent generation of profits from shareholders’ investments
Outstanding! Due to vertical integration (hydropower) and assets
positioned in the lower part of the industry cost curve

Must pay a slightly higher rate of return to investors than its
competitors

WACC Source: https://finbox.com/NYSE:ACH/explorer/wacc Petrofsky




Key Financial Indicators

Measure China United Interpretation

Honggiao Company
Group RUSAL

Solvency and
Leverage Ratios

Current Ratio 1.9 1.6 2.2 Current Ratio >1, so it is fairly liquid; does
have extra cash that could be reinvested

Debt to Equity Ratio 0.3 1.3 1.6 Liabilities only represent 30% of stockholder’s
equity (most likely due to the large retirement
of debt); Honggiao and RUSAL are more in the

normal range (1.5)

Market Related

Ratios
Earnings Per Share 7.9 0.6 0.1 By far the most profitable of all it’s
(EPS) competitors

Source: MarketLine Financials — all numbers are from 2018
Petrofsky

NATIONAL SECURITY
IMPLICATIONS

Rio Tinto’s Ability to Meet US National Security

e Two of the US 35 critical minerals: Aluminum and Titanium

e China (45%)

o US(15%)

* Asia (12%)

e Japan (10%)

e Europe (9%)

e Canada (3%)
e Australia (2%)

Rio Tinto’s Global Trade Portfolio \\/
D
T

Thompson




NATIONAL SECURITY
IMPLICATIONS

Industrial Security
e Well Diversified in Operations and Product Offerings
e Not Vulnerable in any Specific Portion of its Supply Chain

e Invested Heavily in Safety and Information Technology
Programs (Including Cyber Security)

Supply Chain Management
* Rio Tinto Maintains Firm Control Over Its Supply Chain
e [t Maintains Global Operations in 36 Countries

Thompson

NATIONAL SECURITY
IMPLICATIONS

Great Power Competition

e Rio Tinto Relies on China for 45% of Sales
* Pushback Against Chinese Acquisitions

e Chinese State-Owned Companies Increasingly
Buying Shares of Rio Tinto Stock

e Chinese Strategy for the Last Few Decades

Thompson




NATIONAL SECURITY
IMPLICATIONS

Defense Readiness, Surge & Mobilization
More Capacity

Policies to Improve Firm Abilities

Incentive to Move into Finished Products

Reduce or Eliminate Burdensome Regulations
Environment

National Defense Policy

Trade Policy

Critical Material Cooperatives

Thompson

SUMMARY

Rio Tinto

Perform Today - Profit / Transform for Tomorrow — Innovation & Exploration
Diversifies Across Markets & Customers

e Emphasize Sustainability

Capitalize Comparative Advantages to Offset Market Forces

. "Value over Volume"

Enable Value Creation: "4 Ps"

Maximize Cash Flow

. Shareholder Returns & Strategic Capital Allocation

US National Security: Policies to Incentive Surge Production Capabilities

Gutierrez, Petrofsky, Thompson
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Freeport McMoRan Inc

Structure « Conduct * Performance * Policy

Lance Giannone
Doug Haskin
Michelle Quitugua
André Schlappe

Industry Analysis

Introduction

¢ Freeport McMoRan is the largest public US mining
company and 9™ largest in the world

+ After years of diversifying, Freeport has re-focused
on copper and its co / by-products (gold,
molybdenum)

¢ Freeport runs the Grasberg copper and gold mine
— Biggest asset
— Biggest liability?
+ Future looks good, but
long term viability of Grasberg
IS questionable

Doug Haskin




Freeport McMoRan History

Freeport Sulfur

Contract w/

Acquired Phelps

Company Indonesia for Dodge and
founded Grasberg Mine Climax Moly Co
Potash production . .
Nickel-Cobalt in Rio Tinto Sold majority of oil
Cuba invests $450M and gas assets
1940s 1956 1981 1997 2012 2016
1912 1950s 1967 1995 2006 2016
Freeport Oil Exposes the Sold 56% stake
Company Bre-X gold in DRC cobalt
founded fraud scandal mine to China
Produced Merged w/ Acquired Moly Corp
Nickel in McMoRan Oil McMoRan
Wwil and Gas Exploration Co Doug Haskin
Company 3

About Freeport McMoRan

¢ HQs in Phoenix, AZ

o Copper (4™), gold (6), and molybdenum (1sY)

¢ NYSE ticker: FCX

¢ Ranked #170 in 2019 Fortune 500

¢ 27,500 company employees; 40,600 contractors

¢ Market Cap: $10.9 billion
| 2019 | 2018 | 2017
Revenue $14,402 M $18,628 M $16,403 M
Net (loss) income  ($239 M) $2,602 M $1,817 M

mining at Grasberg mine and two year transition to
underground block cave

$4.2 billion revenue drop due to completion of open pit

Doug Haskin




Freeport McMoRan Structure

FCX

100% 48.76%?

FMC PT-FI =

100% Varying
Interests

North America:
MorenciP
Bagdad
Safford
Sierrita
Miami
Chino
Tyrone
Henderson
Climax

South America: Indonesia:
Cerro Verde (53.56%) Grasberg minerals district
El Abra (51%)

* Economic interest retained at 81% through 2022

Doug Haskin

A Global Mining Company

North
America

Morenci

Bagdad Indonesia
Safford : e
Sieri Grasberg minerals district
lerrita

Miami
Chino
Tyrone
Henderson
Climax

South America

Cerro Verde
El Abra

Doug Haskin




Grasberg Mine and PT Smelting

Grasberg Mine

World’s largest gold mine

Second largest copper mine
Indonesia’s biggest taxpayer
Previously a JV with Rio Tinto; Rio
sold share to Indonesia in 2018

Grasberg
1,700 miles fe
R
PTSMELTING @ <~
*

MNewmont
Batu Hijau

Doug Haskin

Firm Profile: Them vs. Us

¢ 2018 Annual Report Strategy: “...[FJocus on maximizing the
value of our existing resource base through cost management,
productivity and technology, executing our plan to successfully
transition from open-pit mining to large-scale underground
mining at Grasberg, generating cash flows to enhance
shareholder returns and creating value organically from our
large, undeveloped resource position.”®

¢ Team FCX Translation: Instead of going wide, FCX is going
deep.

— FCX “redesigned the whole business logic around a simplified
product line sold through a limited set of outlets,” focusing on
the long-term by reinvesting in the firm vice the short-term
with paid dividends.

— Simplified product line = Copper and two by-products

— Limited set of outlets = N. America, S. America, Indonesia
Doug Haskin

8




Firm Profile cont.

¢ Business segments
— Copper: Primary segment (79% of revenue in 2019)
— Gold: By-product/Co-product of copper (11% of revenue in 2019)
— Molybdenum: By-product/Co-product of copper (8% of revenue in 2019)

+ Divisions of mining operations
— North America copper mines: Arizona, Colorado, New Mexico
— South America mining: Chile and Peru
— Indonesia mining: Grasburg Minerals District
— Molybdenum mines: Arizona, Colorado, Peru,

— Other operating segments: Atlantic copper smelter/refinery (Spain); PT Smelting
(Indonesia); Miami smelter (Arizona); Rod & Refining operations (Arizona,
Connecticut, Texas, New Jersey); Molybdenum conversion facilities (Arizona, lowa,
the Netherlands, United Kingdom); Non-operating copper mines; Freeport Cobalt

Doug Haskin

Competitive Spectrum

¢ Market Analysis
— BLUF: Copper, Gold, Molybdenum = Competitive Markets
— Market participants: MANY buyers and sellers

— Product differentiation: Some differentiation by grade of ore but
products are NOT unique

— Information: SIGNIFICANT price information available from
commodities markets

— Entry/Exit barriers: HIGH entry and exit barriers

ro00

Monopoly Markets

sl ———— S
el | — —Oligopoly Markets
! "
-l .
i i Competitive Markets
1000 | ] g g BB E a2
i BRRRD

§§§é§§§§§§§2 ‘ uu \jaum

£ K £ a R £
Figurs 7.3 M1 for 24 mimarst iodhastries, 2013 {scurcns: & cme based o company reports s other Michelle Quitugua




Industry Analysis cont: Five Forces

Figure 7: Forces driving competition in the global metals & mining indust

Buyer power
5

Supplier power Degree of rivalry

Substitutes New entrants

SOURCE: MARKETLINE MARKETLINE

1 Michelle Quitugua

Industry Analysis cont: Five Forces

Figure 8: Drivers of buyer power in the global metals & mining indust

anmass integraton

B u y e r Undifferentiated product s Buyerindependence

3

Power o st

Product dispensabity Financial musce

Price sensitivity Low-cost switching

Oligopsony threst

SOURCE: MARKETLINE
Figure 9: Dnvers of supplier power in the global metals & mining industry, 2018
Dm«ensunee input
. Switching costs 4 Forward integraton
Supplier ;
P W r Supplier size " Importance of qualitykost
Playerindependence No substitute inpuss
Player o] threat

SOURCE: MARKETLINE

12 Michelle Quitugua




Industry Analysis cont: Five Forces

Bargaining Power of Buyers

Bargaining Power of Suppliers

= Moderate (Direct/Downstream
buyers)

— Increased b/c individual producers cannot “control the
global market” & may not wish to behave as an
oligopoly (Cu/Mo)

- Negotiating power of Indonesian government over
Grasberg Mineral District, which is a designated
Indonesian national asset

— Increased by influence of Chinese demand (Cu)

— Increased by little product differentiation (Cu/Mo/Au)

— Increased by availability of substitutes (Mo/Cu),
stockpiles (Cu), and recycling options (Mo)

— Increased by availability of price information from
commodities markets (Cu/Au/Mo)

— Mitigated by inability to backward integrate (Cu/Au/Mo)
13

= Moderate

Increased by high labor costs in U.S.
(Cu/Au/Mo)

Increased by influence of unions in
international labor markets (Cu)

Increased by fluctuating logistics expenses
(e.g., transportation costs, processing
chemicals, water, electricity, etc.) (Cu/Au/Mo)
Increased by pending litigation over water and
other resources (Cu/Mo)

Mitigated by inability to forward integrate
(Cu/Au/Mo)

Mitigated by producers’ vertical integration
(Cu/Mo)

Michelle Quitugua

Industry AnalyS|s cont: Five Forces

Threat of

New P—

Entrants Soposscmsn @
Degree of

Rivalry

SOURCE: MARKETLINE

14

Similarity of players

Storagecoss

Distribution accessitie

Incumbents acquiescent

Little IPinvolved

B - MW s o

Little regulation

Lowfixed costs

Low-cost switching

Easy to expand

Hard to exit

Lack of diversity

Low cost switching

Number of players

Michelle Quitugua




Industry Analysis cont: Five Forces

Rivalry among Competitors ~ Threat of New Entry

= High = Low
—Increased because the industries are  — Decreased by high entry barriers and
concentrated substantial capital requirements
—Increased by high exit barriers — Decreased by geologic limitations
—Increased by significant input costs —Decreased by significant government
that are outside of the producers’ policies / regulations
control (e.g., currency fluctuations) —Note: Above items apply to all of
—Increased by little product FCX’s business segments.
differentiation ‘

—Increased because buyers are well
informed by commaodities markets
—Increased by zero sum vice positive

sum game
—Note: Above items apply to all of

FCX's business segments. Michelle Quitugua
15

Industry Analysis cont: Five Forces

Threat of Su bstltutes

Beneficial alternative

5
4

D N W

Low cost switching Cheap alternative

SOURCE: MARKETLINE L RKETLIN E

16 Michelle Quitugua




Industry Analysis cont: Five Forces

Threat of Substitution

Complements or Other Factor

= Moderate

—Increased by impact of
stockpiles (Cu)

—Increased by other materials with
similar properties (Mo)

—Increased by supply provided by
recycling (Mo)

— Mitigated by lack of substitutes for
gold

= Low

= Mitigated by gold's importance as
bullion, independent of its beneficial
chemical properties

= Mitigated by the multiple uses of
copper so that no single
complement significantly influences
copper prices (e.g., construction,
electronic product manufacturers,
metal manufacturers, automobile
manufacturers)

= Increased by molybdenum’s
reliance on the steel industry

17

Michelle Quitugua

Industry Economics and Structure

Industry Definition

* Copper, Gold, Molybdenum
» Copper (CU): vertical integration
from ore to products (CU
concentrate, cathode, and
continuous cast CU rod)

Threat of New Entry: LOW

 High entry barriers & capital requirements
« Significant geologic challenges to find and

extract minerals

< Substantial gov't policies & regulations (both

U.S. and international)

< Note: Above items apply to all of FCX's

business segments

Industry Definition cont.

e Gold (AU): limited vertical
integration from ore to slimes/CU
concentrate

 Molybdenum (MO): vertical
integration from ore to products
(e.g., FeMo, technical mo oxide)

Bargaining Power
of Suppliers:

11

Bargaining Power

Moderate

« High labor costs in U.S.

* Influence of unions in int’l
labor markets L

¢ Fluctuating logistics expensesv
(e.g., transportation,
electricity, security, etc.)

« Impact of pending litigation

Rivalry Among
Existing Competitors: HIGH

« Concentrated industries
 High exit barriers

« Significant input costs

« Little product differentiation
« Well informed buyers

of Buyers:

O InabilityMaQﬂa%Egtt%sire for

individual producers to behave
:I as an oligopoly and control the
global market
lr < Producers’ ability to adjust
mine extraction according to
market trends
« Significant influence by

over water & other resources
* Inability to forward integrate

1L

Chinese demand on the global
market
* Inability for buyers to forward

* Producers’ ability to vertically
integrate

* Negotiating power of
Indonesian government on
Grasberg Mineral District

Threat of Substitutes: Low

« Availability of stockpiles (Cu) & recycled materials

(Mo)

« Availability of materials with other similar

properties (Mo)

integrate
 Producers’ ability to vertically
integrate

Michelle Quitugua




Industry Analysis: How is this changing?

— What is not likely to change:
— High entry/exit barriers
— High fixed costs (e.qg., labor, water, electricity, etc.)
— Geologic challenges

— What could change?

— Threat of substitutes
— Could gold be replace by bitcoin? If so, then gold’s singular importance to the
world’s currencies will be gone.

— Bargaining power of suppliers
— Could it increase with greater labor and environmental regulations?
— Or could it decrease with more automation and decreased labor costs?

19 Michelle Quitugua

Where & How of Strategy
Strategic Game Board

’ t Emulate market Rewrite industry rules

Across-the-board leader’s functional to exploit a unique,

*;i (entire market) approach, strengths industry-wide advantage |

£

3

=

g

= .

= SEIEROTE Resegment the market Create and pursue a
(market niche) to create a niche unique advantage

Same game New game
(traditional rules) (rewritten rules)

How to compete
20

Michelle Quitugua




Strategic Game Board

¢ Where does FCX compete?

— Copper: FCX is a copper company first.

» Gold & Molybdenum: FCX refines the co-
products/by-products that may be profitably
processed and refined.

» Oil/Gas and Cobalt: FCX may have divested
of its oil and gas interests to focus on Copper
and of cobalt because of the risk of political
unrest in DRC.

¢ When does FCX compete?
— Long-term development and exploration

¢ How does FCX compete?

— Same game with traditional rules
focused on maximizing efficiency and
lower unit costs

ajadwio) 0} usyp

Michelle Quitugua

21
Peer Competitors
¢ Public global companies:
— (1) BHP Group PLC $44.29B
— (2 & 3)Rio Tinto PLC & Ltd $40.52B (each)
— (4)Vale SA $36.58B
— (5) Jiangxi Copper Co., Ltd. $31.3B
— (9) Freeport-McMoRan Inc $14.4B
¢ Private companies:
— (1) BHP Metcoal Holdings PTY Ltd $43.6B
— (2) Freeport-McMoRan $18.6B*
— (3) Acelight PTY Limited Cobar Management PTY Limited
Ernest Henry Mining PTY Glencore Queensland Limited
Isokind PTY Limited Mount Isa Mines Limited
Mount Margaret Mining Murrin Murrin Holdings
$16.04B
¢ U.S. public companies:
— (1) Freeport-McMoRan $14.4B
— (2) Newmont Corp $9.74B
— (3) Southern Copper Corp $7.29B
— (4) Coeur Mining Inc. $712M
— (5) Hecla Mining Co. $673M

Michelle Quitugua
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Balance of Advantages of FCX Peers

Strong Productivity
Frontier
Advantage #1 * Inherent trade-off
between
advantages

1. Identify valuable advantages between 1 *
t  which there is an inherent trade-off |
i 2. Estimate the firm or organization's |
i (desired) position along the frontier |
i 3. Estimate positions of competing (or i
i similar) service providers i

Weak Advantage #2 Strong

23

Strategy

e Three Major Initiatives
» Support Growing Sales Profile
* Decrease Unit Costs
* Drive Expanded Margins & Cash Flow Generation

* Big Goals by 2025

* Increase Copper Sales 30%
* Increase Gold Sales 40%

* Reduce Unit Costs 25%

* Increase EBITDA* 100%

* Earnings Before Interest, Tax, Depreciation and Amortization
(EBITDA)

24 André Schlappe




Strateqy

Executing Clearly Defined Strategy to
Build Value for Shareholders

o

PROVEN ASSETS.

FUNDAMENTAL VALUE.

Continued

Substantial Growth
in Cash Flow

= Growing Sales
Profile

Execution of .
Grasberg = Declining Unit
Underground Costs
Innovation-Driven | Ramp-up = More Than
Productivity Doubling EBITDA
Improvements & Cash Flow
(2019 v. 2021e)
Advancing
Completion of
Lone Star
Ongoing Cost Projsct
Management &
Capital Discipline
e= estimate. See Cautionary Statement.
25

André Schlappe

Execution

« Assumptions (Copper)

Strong Fundamental Outlook (before COVID-19)
Low Inventories in Exchange Warehouses Will Increase Demand
Modest Demand Increase Will Drive Prices Higher
Forecasted 4.4 Mt Supply Gap by 2029
Market Price < Incentive Price of $3.30/pound
Expected Market Increase From $21.2B to $24B by 2025

« Execution
* Increase Market Share From 34% to 50% by 2025 With Expansions
» Transition Grasberg Indonesia Mine From Open Pit to Underground

* 40k ton/day to 240k ton/day (6X Increase!)

* Expand Lone Star Leach Project in Arizona

e Est. 200M pounds annual increased production

« Will Bridge Production Gap as Grasberg Comes Online
* New Copper Smelter In Indonesia (Joint Partnership With Inalum)

26

André Schlappe




Execution

Underground Block Cave Mine Development vy

5 PROVEN ASSETS.
Grasberg Block Cave Development Diagram FUNDAMENTAL VALUE.

Air Gap

/ UndercutRing
Cave Muckpile Drilling

Drawbell

Drawbell Drilling

Undercut Level
2850m elevation

Grizzly
& Rock Breaker

/

-

Ore Train

27 André Schlappe

Execution

Lone Star Leach Project in Arizona Nearing Completion oo
Building Value in New U.S. Cornerstone Asset FUNDAMENTAL VALUE.

= Low-Risk Development in Established Mining
District; Wholly Owned

= Located 8 miles North of Safford; 18 miles
Southwest of Morenci

= First Cu Production Expected During 2020
= Estimated Production: 200 mm Ibs/annum

= $850mm Initial Project (~75% Complete)

= On Schedule and Within Budget Positive Exploration Results
Support Longer-Term Potential

= Oxide Expansion Opportunities with Low

Capital Intensity Under Evaluation = Completed 202 km of Drilling Since 2015
Number Number  Minimum
New. Leach Pad === " :.f. 5 of 5 l‘ntmap'! _nguﬁgu)'_
68 92 150 0.30%  0.56%
28 39 61 0.60%  0.82%

= Significantly Larger than Expected
= Higher Grade Zones (+0.7% Cu) in NE &
SW Areas of Deposit
Tax-Adjusted Equivalent Copper Grade

~0.45% = 0.6%-0.7% Equiv.
(Equivalent based on 0-10% US v. 35% international tax rate)

See Cautionary Statement.

28 André Schlappe




Innovation

Investment in Automation (e.g. fully automated ore trains in
Indonesia)

Machine Learning Added to Processing of Concentrate
» Throughput & Recover Optimization Intelligence (TROI)
» Improved Quality, Increased Efficiency, Better Mineral Recovery

Al Optimization of Mining

» Data Collection Throughout Entire Process

» Real-Time Optimization

» Crusher-Hauling-Loading-Optimization-Engine (CHLOE)
Human Capital

» Training Staff in AGILE

» Integrating Big Data and Analytics Into Daily Operations

» Increased Efficiency With Lower Capital Costs

29 André Schlappe

Innovation

Innovation Driving Results =

Combining Data Analytics with Agile Way of Working Fuﬁg%&'ﬂffﬁ E/Z\Smg,

Processing/Concentrating “ Agile Way of Working

Data systems landscape ' — Crusher
S Material H -
s Characteristics auling
S
Q’i‘ 'k — Losding Analytics
oo Dt Optimizah'on
% — Engir\e
i?:'.‘::;?; Caciral Dts Data People
( - ollection
Throughput & Recovery ] -
-

Optimization Intelligence Crusher
(TROI) Performance »
« Digital Twin for Processing Plant i
Mine PI OPTIMIZATION Js
« Machine Learning Algorithm nerisn More Interactive Organizational Structure

= Analyze Historical Data and Predict ~ * Aggregate Data from Multiple Systems; * Challenges Norms

Throughput & Use Data Science Algorithms to Predict . Qpportunities Identified & Prioritized
Recovery Most Efficient Setups

* Quality Recommendations

= Implementation Underway
= Send Commands to Dispatch to Adjust o

= Real Time Data Driven Decisions Mining Equipment and Resource * Incr | Copper Pr

= Target Best Performance Every Day; Execution + 100 mm Ibs in 2021e

Unlock Bottlenecks + Clear Visibility of Best Possible P} 200.mm{bsIn'2022¢
* More Consistent Operations Performance for Shift/Day * Drive Lower Unit Costs w/ Minimal
o= aaiinatei: Se0 Coucionsty Statement: * Effective for Real-Time Decision Making Capital

30 André Schlappe




Challenges

* Greater than expected headwinds in 2020 due to COVID-19

 Strategic Plan forecasts copper at ~ $2.85/Ib in 2020
(currently $2.32/Ib) and falling

¢ $9.8B in Corporate Debt may limit flexibility (comparative
disadvantage)

¢ $1.8B in Financial Obligations for reclamation & closure
» Recent civil unrest in Indonesia, Peru and Chile

» Success of long-term strategy is contingent on completing
smelter expansion in Indonesia by end of 2023

* Profitability hinges on increased future demand for electric
vehicles and wind turbines

» Grasberg tailings at Ajkwa River system in Indonesia

31 André Schlappe

Challenges

Tailings Management at Ajkwa Estuary

Downturn in Global Demand
(Temporary?)

32 André Schlappe




Value Creation

Current Sales 2019

3.3 billion pounds of copper

* 991 thousand ounces of gold

* 90 million pounds of molybdenum
Expected Sales 2020

» 3.5 billion pounds of copper

» 775 thousand ounces of gold

88 million pounds of molybdenum
Shareholders

» FCX earned $3.91 billion during the 4t quarter 2019, compared to analyst
estimates of $3.69 billion

Cash Flow

» Operating cash flows totaled $1.5 billion (including $349 million of working
capital and other sources) for the year 2019

» Operating cash flows are expected to approximate $2.4 billion (including $0.2
billion of working capital and other sources) for the year 2020

Lance Giannone
33

Financial Risk

* Low Risk
* FCX'’s debt level at higher end of spectrum
» Cash flow coverage adequate to meet obligations
» Debt is efficiently utilized
« Liabilities of $3.29B due within a year
« Liabilities of $20.0B due beyond a year

 Offsetting above, FCX had $2.84B in cash and $970.0M in receivables that
were due within 12 months

» During the last three years, Freeport-McMoRan produced sturdy free cash
flow equating to 59% of its EBIT

* Free cash flow puts FCX in a good position to pay down debt
» Coronavirus impact

Lance Giannone
34




Financial Risk

FCX Financial Ratios in Billions $

6

Current Liabilities

15

10
ennlinBil I I

Current Assets

Current Ratio

5
4
3
2
1

2006 2008 2010 2012 2014 2016 2018

Lance Giannone
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Financial Risk

FCX Historical Debt

HISTORICAL DEBT

$308

Lance Giannone

36




Firm Analysis

Strengths of Freeport-McMoRan

Strong Free Cash Flow
Strong Brand Portfolio
Strong Distribution Network
Highly Skilled Workforce
Reliable Suppliers
Automation of Activities
Strong Dealer Community

High Level of Customer
Satisfaction

37

Weaknesses of Freeport-McMoRan

Limited Success Outside Core
Business

Financial Planning Lacks Efficiency
Product Demand Concerns

Inventory High Compared to
Competitors

Integrating Firms Concerns

Lacks Investment in New
Technologies

Marketing of Products Insufficient

Lance Giannone

Firm Analysis

Opportunities for Freeport-McMoRan

New Customers from Online
Channel

Decreasing Cost of
Transportation

Market Development

Opening New Markets Because of
Government

Government Green Drive

New Trends in Consumer
Behavior

New Environmental Policies

Organization’s Core
Competencies

Threats to Freeport-McMoRan

38

» Shortage of Skilled Workforce
* Intense Competition

* Increasing Trend Toward
Isolationism

» Potential Lawsuits in Various
Markets

» Changing Consumer Buying
Behavior

* Rising Pay Level

* No Regular Supply of Innovative
Products

* Currency Fluctuations

Lance Giannone




National Security Needs

» Domestic copper mining/production vital to DoD
» Copper - gateway metal

< Allows access to other metals that are critical to DoD for weapon production
 Iridium, tellurium, rhenium, cobalt and molybdenum used:

 (aircraft engines, satellites, rocket propulsion, thermal imaging, navigation systems, jet
turbines and other defense systems)

» Essential to weapon systems that are crucial to US national security
* Economic welfare implications - copper is influenced by housing market
* Remains a risk for potential market failure if housing industry had another crisis
¢ Immediate financial losses could be heavy
* Would recover once the housing market rebounded
* China
e Global Competition
e Impact to US
< National Security Concern

Lance Giannone
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Policies

* Firm

* Company:

» Avoiding Conflicts of Interest

» Detecting Fraud

» Protecting Intellectual Property

* Protecting Company Assets

» Protecting Employee Privacy/Information
* Market:

* Promoting Fair Competition

» Adhering to International Trade Regulations
» Stakeholders:

* Respecting Human Rights

» Protecting the Environment

» Fighting Bribery and Corruption

» Participating in Political Activities

Lance Giannone
40




Policies

* Governmental

* Trump administration proposed more prospecting/mining of minerals
Essential to U.S. economy and security
U.S. must increase mining of critical minerals to lessen need for imports

Recommendations include:
» Speeding up mine permitting
» Doing more research of possible mining in the oceans
* Reducing cumbersome environmental requirements
» Weighing the need for critical minerals when it comes to consideration of mining
some currently off-limit public lands
S. 1317
* Bill to facilitate availability, development, and environmentally responsible
production of domestic resources to meet national material/critical mineral needs

« Bill would require the Department to develop/maintain list of minerals critical to
the economic prosperity and national security of the US and improve the process
of locating, developing, and using those critical minerals

Strategic Reserves

Lance Giannone
a1 ce o]
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Industry Analysis

Materion

Corporation

David Coy

Brian Ketz

Chad Livingston

Cassandra Simmons-Brown

Materion Corporatlon F ' a@p

| b
at a Glance Founded Headquartéied el
1931 Cleveland
Ohio 4600

Materion Corporation an integrated producer of

< p— high-performance advanced engineered materials e ’
E used in a variety of electrical, electronic, thermal, l I I e M

and structural applications. T—w
NYSE Business Annual
Stock Symbol Groups Revenue
The Company is organized into three business MTRN 3 $1.2 Billion
h groups: Performance Alloys and
Composites, Advanced Materials, and Precision
Coatings.
~ Ty
~ ) s
-~ Products are sold into numerous end markets, u ‘\1!}'
';}3:: including semiconductor, industrial, aerospace and de Corporate Global Reach Worldwide
fense, automotive, consumer electronics, energy, Leadership 50 countries Locations

d tel d dat ter.
and telecom and data center. served 32




¢ Supplies over 70% of the worlds’ mined beryllium.

B u S| ness e 75 years of proven reserves in Utah mine.
EnVl ronment: |S e Only global vertically integrated producer of beryllium.
Mater|on a * 40% of company sales included beryllium in some form.

9 ¢ See themselves as a high-performance materials company, not a commodity
Beryllium company
CO m pa ny or H |g h_ ¢ Switching focus: service oriented rather than just product oriented.

¢ Increasing R&D capabilities and resources to meet market demand for quick turn

p e rfo rmance prototypes and new material demands.

Adva N Ced ¢ Increasing new product development and services to meet similar customers’

. needs in different ways
E ngl nee red ¢ Collaborating with competitors to increase the market size rather than just
: competing for small market (process management)
Materials

Company? '

Threat of New Entry

Competitive Position Analysis - High Barriers to Entry

1 OSHA regulations
2 Cost of capital (DPA)

- Supplier Power: Limited due to low switching costs for raw 3 Access to raw materials
materials, own supplier for Be, and increase in the recycling 4 Specialized knowledge
sector — precious metal costs "passed through" to Threat of
customers. Competitive Rivalry ey Buyer Power

- Spread out among sectors
1 Backward intergrate?
2 Few alternatives (Be)
- Gov not price sensitive
3 Firm needed for National Security

- Limited
1 Product differentiated +
2 High barrier to exit
3 Industry growth

4 Cooperation exists

- Buyer Power: Buyers spread among different sectors with
few alternatives for Be products: substitutes may be used
only when performance not critical.

- Threat of New Entry: Little threat of new entry
domestically....foreign competitors, specifically China, could

decrease prices as they try to gain market share. (No OSHA) . Competitive
Rivalry
Threat of Substitution: The Beryllium market is heavily +

regulated; coupled with its high cost, drives the use of
alternative materials when performance not critical. . . risk
to firm if US Gov doesn't require Be for National Security. Supplier power limited
1 Low switching costs
2 No substitute for material
- Increased recycling
- Vertically integrated (Be)
3 Skilled labor required

Threat of Substitution
- When performance allows
1 Health concerns
2 High cost of Be
- litigation
3 When performance not critical

- Competitive Rivalry: Limited competition within Be market,
highly differentiated with industry growth expected.

Threat of
Substitution

Materion is positioned to support the demand Be products for the foreseeable future and

has incremental profit potential due to growth of industry & limited competition




o World’s Only Vertically Integrated
Competitive Advantage Beryllium Producer

Reliable suppliers
Strong distribution network
Automation of activities

Integrating complimentary firms through
mergers & acquisition

Product innovation

Materion Corporation, “Materion Corporation 10-K,” Annual report, United States Securities and Exchange
Commision, December 31, 2018.

Key Strategic Questions & Elements

Key Challenge: Environmental, safety, and labor costs make Be more
expensive to produce in the U.S. than in China and other potential
supplier countries.

Strategic position: Focus on differentiation with custom products in
high-performance applications. Where efficiencies permit, compete in
more commonly used alloys. Operate in legacy domestic locations in
Utah and Ohio with globally-dispersed service offices.

How: Vertically integrated from mine to machined product to capture
value throughout the chain. Produce custom engineered Be products
for high-performance end uses. Capture and maintain large market
share for customers with high willingness to pay for performance-
critical applications.




Diagnosing the Challenge

Challenge

Why So Difficult?

= Mine Be metal

= Mill Be metal

= Convert Be metal
= Extract Be metal

= Strict Safety and Environmental
requirements in U.S.

= Relatively high cost for labor

= Cannot compete on efficiency in a

= Process to powdered Be commodity market

= Casting and machining Be

= Strict Safety and Environmental
requirements in U.S.
= Relatively high cost for labor

= Selling high-performance space, = Export documentation requirements

defense, and aerospace

discourage potential customers

components overseas

Where & How of Materion Strategy

Strategic Game Board

Entire Market

Where to Compete

Selective

Be Alloys commonly used
in strip and powder forms

China expanding in this
corner at potentially lower
production costs

High purity Be metals:
Engineering expertise,
narrow customer set —
defense, space, nuclear

Same Game New Game
How to Compete
8




Balance of Advantages International

Strong

U.S. Based
Supply chain

Important to
U.S. Defense,
Space,
Nuclear, and
other buyers

Weak

Productivity
Frontier

W

Materion

Kazakhstan @1

Chinese
Firms

Weak Riskier Source Strong

9

Balance of Advantages Domestic

Strong

Vertically
Integrated

Captures value at
each step in the
supply chain &

leverages
common safety
and
environmental
programs

Weak

Productivity
Frontier

e

Materion

*
Other U.S. *

Be Alloy
*

product
Firms

Weak  End Product Only  Strong

10




Strategic Position: Scope Choice

Products or Services | | Channels or Locations || Customers or Users
Variety-Based Position | | Access-Based Position | | Needs-Based Position

DO DO DO

= Focus on performance- = Perform engineering = Serve high willingness
critical products services in worldwide to pay customers

= Produce more offices = Meet U.S. supply-
common alloys as = Mine in Spor Mt chain needs of
efficiencies allow = Process in OH defense and other

DON'T DO DON'T DO customers

= Compete strictly on  « Mine outside Spor Mt DON'T DO

com_modlty or = Process outside OH ™ Cater to Chinese
efficiency markets

11

Activity System Map

Meet
Efficient Aerospace
Compliance needs

Programs
burden

Process
In
OH
Inter-
National

Services
Office

Minimize
Regulatory

Custom
Engineering

Component
productio

Produce
Common
Alloys

Sell
To other
Component
producers




Internationalization & Global Strategy
Integration / Responsiveness Framework

VN
HIGH PERFORMANCE (fg GLOBAL TRANSNATIONAL
SPECIALTY ALLOYS - T STRATEGY STRATEGY
o Role of Subsidiary: Role of Subsidiary:
o § Implement Contribute to Global
“;J 8 HQ Strategy Advantage of MNC
G) +
=
) = INTERNATIONAL MULTINATIONAL
L o STRATEGY STRATEGY
8 Role of Subsidiary: Role of Subsidiary:
> Sell Identify & Exploit
o HQ Products Local Opportunities
-
Low Forces for HIGH &
Local Responsiveness
13

Challenges in Mining & Metals Industry — Firm View

4 I PR - Availability and access to raw
S\whuthh gy terial
oA 4 ‘,rf:';‘ 7 materials
D B B \"C‘ = -
NN £ . :
O {,f:! - Cut costs, increase automation &
wg" i . . . .
A Socel Contrastfor . ===~ ) 0 s ana g o improve operational efficiency
o s il om0 - Mitigate risks - regulation,
---------- - geopolitical, legal limits on natural
s i S, ) ot Soanieny e e resource use
Access to Fu’,:u‘;:‘u:' = .'__‘-::‘_”
o, S - Public opinion about environment
f:«"/ - N g
',:-' .-'i % q'\’o
CXind T a0 - Value to shareholders
P L B T
/e i I

http://indiaenvironmentportal.org.in/files/file/WEF_MM_Sustainable_World_2050_report_2015.pdf 14




Potential Disruptions

e Lower demand (Material
Substitution & Recycling) A AAAAALLLL

PERFORMANCE ALLOYS AND COMPOSITES

* Geopolitics & access to export

products * Labor (Aging Workforce)

* Health & Safet
 Technology/Automation (Mine & y

Processing Plants — large capital
investments * Regulations/environmental disaster

Financial Statements

Materion: By the Numbers

Balince sheet Income STaemist Cash o
L YT . i et
3 Based on its operating costs and revenues Materion is profitable.
' ¢ Net Sales ($1.2 billion) and Value-added Sales ($733.7 million)
HE NN MU N NB N nn LT L] £ 1)

remained flat in 2019 compared to 2018 but grew slightly over the last
5 years.

2019 Operating profit was $67.0 million; adjusted operating profit
TN . improved 25% from prior year to a record $82.4 million; Operating
cash flow was a record $99.2 million.

Begm O Eguary (TTH)

Materion Return on Assets, Return on Equity, and Revenues Per Employee
shows the company as efficient but being out-performed by the industry.

Return On Adsets (TTM)
Materion uses little to no debt to fund their capital structure (byproduct of
the Defense Production Act Title Ill Program). Debt has increased in the last
2 years.

Bt O It (TTM)

Brvyose Pectmporss MY y Materion pays an annual dividend, which is unique in the mining industry.

Materion has strong free cash flows that provide resources in the hand of
the company to expand into new projects.

Concerns:

Sales were flat but operating profit is up (short-run efficiencies or market
diversification (multi-pillar strategy))

ROIC and WACC gap is closing.

Threat of substitutes and new supplier (China).

Slow down of the global economy, including the impact of tariffs and trade
agreement.




Value Creation Analysis:
Is Materion a Beryllium Company
or a High-performance Advanced
Engineered Materials Company?

100
Igln_,ﬁ_,.l-t

100
2006 2008 2010 2012

—gg=n———u-— -_...__._.nll__ o

Yo Quarterly Growth

Revenues

¢ Materion demonstrated they were a high-
performance alloys company following the
decommissioning of the beryllium reduction plant in
2000

¢ Materion received economic benefit from the
injects of funds from DPA for reduction of Beryllium

marcotrends, “Marcotrends- Materion Financial Statements 2005-2020/ MTRN,” marcrotrends.net, n.d.,
https://www.macrotrends.net/stocks/charts/MTRN/materion/financial-statements.

¢ Materion owning all parts of the values chain
(vertically integrated) provides them significant
incremental profit potential

Ll L.

2014 2016 2018

()
£
o
(o]
5
4
(2]
=2

¢ Materion is positioned to remain profitable in the
coming years if the reduction requirement
continues and there is a critical need in hlgh marcotrends, “Marcotrends- Materion Financial Statements 2005-2020/ MTRN,” marcrotrends.net, n.d.,
. . https://www.macrotrends.net/stocks/charts/MTRN/materion/financial-statements.
demand high performance alloys and composites.

Bottom-line:

¢ Asresidual economic effects of the DPA inject wear
out and the threat of substitutes increase, Materion
is at risk, unless they continue to create efficiencies
in their organization and/or diversify.

¢ Materion must increase new product development
and services to meet similar customers’ needs in
different ways than the past in order to be
profitable in the long-term.

apter E (U.S.

= Qverall the market is healthy, and government
should support minimal interventions

= “Form and concentration of material” affects time

to deliver product to meet surge or mobilization ' = ‘33\““
requirements. R
= Be stockpile form to avoid pebble-plant A|BeCast® Composﬂes
bottleneck

= Fund design for plant expansion

= Tax breaks to support machine upkeep and
replacement

= Better positioned for surge or mobilization \ h

18




Implications for National Security & Industrial Policy

Likely will need more DPA Title 11l Program
funding due to increased OSHA/ environmental
regulations

= Under Section 303 received property rights
to capital investments (i.e. infrastructure & oo
equipment) Pebble Plant. LR

RARTRALLL WAL

ARRARARRR WU

AR W

Keep contract commitments
= Open BAA/contract with DLA Stockpile

= Reduce the amount DLA Stockpile disposes
(i.e. 8 ST = 16,000 Tons) (FY20 — FY24).

OSD Industrial Policy
= Speed up ITAR license process
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Albemarle + Lithium

Structure ¢ Conduct ¢ Performance ¢ Policy

Our Team
Sangano Wibonela
Sasa Konjevic
Matt Oskam

Paul Harrison

Industry Analysis

Agenda

= Firm History

- Industry Five Forces Analysis

- Balance of Advantages/Activities/Trade Offs
- Strategy and Approach

- Financial Performance Analysis

- Overall Assessment and National
Security/Industrial Policy Recommendations




Firm / Business Unit History

= 1887: Albemarle Paper Co. founded in Richmond

= Makers of Kraft paper from chemical pulp for packaging,
grocery bags, electrical insulation

= 1917: Charles Kettering discovers gasoline
additives to reduce engine “knock”

= 1920s: Kettering + GM + Standard Oil create Ethyl
Gasoline Corp. to manufacture additives

= 1950s: Albemarle president sees threats to paper
market, seeks polyethylene option (drycleaners)

= 1962: In largest ever Leverage Buy-Out to date
($200 million) Albemarle buys Ethyl

= “Jonah Swallows the Whale” headlines
Paul

3

Firm / Business Unit History

= Albemarle becomes subsidiary of Ethyl

= 1980s: acquisitions & diversification (Oxford Paper,
insurance, Visqueen, plastic bottles, aluminium)

= 1994 Albemarle spins off Ethyl’s chemical
processing units as publicly traded company

= Used IPO proceeds to procure chemical plant in
England and sign joint venture with Jordan Dead
Sea Industries company (bromine).

= 2015: Bought Rockwood Holdings from KKR
($6.2B) for Lithium business

= Now runs three unique business units (lithium,
F)aulbromine & catalysts) located around the world

4




Albemarle’s Big 3

Catalyst Unit

— Makes specialty catalysts for production of
hydrocarbon products like aviation fuel, plastics,
clean fuel technologies

— Market leader in fluid cracking catalysts and
clean fuels technology

— Benefits from increasing fuel standards

Bromine Unit

- Key fire retardant for electronics (5G), housing

- Control of world’s best bromine sources = low
cost advantage

Paul

Albemarle’s Big 3

Lithium Unit
— Newest Albemarle business unit (2015)
— Focus on demand for energy storage

- Control of world’s best lithium sources = low
cost advantage
- Hard rock lithium mining in Australia, NC
- Brine lithium extraction in Chile, Argentina, NV

Challenge is delivering low cost (or certain cost) to
producers and meeting changing demands as power
storage requirements develop — while staying ahead of
increasing global supply from competitors

Paul
6




Industry Economics & Structure

Bargaining Power of Buyers

Bargaining Power of Suppliers

About 44% of revenues are generated from
lithium battery resulted from  domestic
electrical vehicle manufacturers, many
companies manufacture both batteries and
electric cars, these include Tesla, Ford,
Nissan, GM, all source lithium from LG
Chem, at the same time, Tesla company has
in contract supply with Panasonic lithium
battery, so, Nevada lithium company will
supply more batteries due to many
companies buy lithium battery from
Nevada.

Wibo

= The Mine Albemarle Silver Peak is the main

Lithium metal supplier. E.g. in 2015
produced 6,000 metric tons of lithium
carbonate. Equivalent to 3.42% global
supply.

There is an increase demand of lithium
battery due to increase in demand for
electric cars.

Increase in price due to increase in
electrical cars, has attracted new entrants.

Industry Economics & Structure

Rivalry among Competitors

Threat of New Entry

Rivalry among competitors are driven by = Threat of New Entry affect much the earning of

product quality, product diversity,
reliability of supply and consumer
services. Profit being a determinant factor.
For example, Nissan firm is a dominant in
electric cars market, hence, has the power
to determine price of the market,
meanwhile, Tesla Company takes a market
for luxury electric cars, so it determines
price for that market. So, customer
affordable for luxury vehicle can shift
from electric vehicles to luxury one.

Wibo

the return on Capital of the firm when comparing
with cost of capital.

Barrier to entry is a determinant factor to new
entry, it is weighed in terms of capital
requirements, which is all about technology
intensive and it requires at least medium level of
start up capital for purchasing machines and

equipment for production, skilled workforce,

training  for  workforce and  Research
&Development.
Economics of Scale & Absolute Cost

Advantages. E.g.

technology to lower the cost of Kilowatt

lithium battery patented




Industry Economics & Structure

Threat of Substitution Complements or Other Factor

Threat of substitution goes with supply and = Substitute for lithium compounds is
demand law of the market. For instance, when possible in batteries, ceramics greases, and
the price of fuel rises, then the demand for manufactured glass. For example, calcium,
electric cars increases which makes an magnesium, mercury and zinc are raw
increase in lithium battery. So, Lithium materials for primary batteries .

batteries drives the demand for electric cars = Sometimes customers switch to another
when fuel goes up. products, especially to those which are not

subject to infringement suit.

Wibo

Industry Economics & Structure

Industry Definition: Threat of New Entry: Low
* Global Il_thlum * Large capital costs (except
production for China?)
* Limited productive mining
rights
* Overly saturated market
Bargaining Power -
of Suppliers: High ’] I Bargaining Power
Rivalry Among of Customers:
= Suppliers concentrated: Existing Competitors: High Mixed Bag
“Lithium Triangle”
* Switching costs are high « Commodity market  « High fixed costs relative - Global demand projected
. 7 * Switching costs are low to marginal costs ]
. Impact 2 Inpl_ﬂs on cost A Overcapacity in supply« Diversity of competitors A EoCtrlple b)(;_t2025 ket but
is high (water rights and < with future expansion with state interests ommodity market bu
royalties) P currently oversaturated
 Buyer switching costs
b are much lower relative to
_ firm switching costs
Threat of Substitutes: Low + Backwards integration
+ Lithium is battery of choice: higher energy hard due to supplier power
density and power
< Switching costs are high with low buyer
propensity to substitute
Wibo

10




Would you enter this market?

25 Asia Spot Prices

Source: Benchmark Minerals

20 #‘
% -

&S %
= » “
i 15 ol
= 5? \:Q\.
=
(="
10 LiOH - =
- ¥
Li,CO 7 $7/kg
5
/
Marginal Cash Costs
1]
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Wibo
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How about now...?

Total Lithium Market Demand

KTLCE Albemarle Estimates
1,200 -
2019
Estimate
1,000 and Range
800 ~ 2018 Estimate
600 2017 Estimate
400 2015 Estimate
270
175 198 220
200
4]

2015 2017 2019 2021 2023 2025

Wibo
12




Balance of Advantages at Albermarle Lithium Business Segment

Strong Productivity

Frontier
Global Supply Inherent trade-off

Stability between
advantages
Weak
Weak Low Cost Strong
Sasa s

Distinct Activities & Trade-Offs

Distinct Activity

Value

Trade-Off

= Variety of products

= Geographical
dispersion: raw
materials and
processing facilities

= [n-house R&D

Sasa

= Wider customers’ pool

= Lower production costs
= More independent ops

= “Think globally, act
locally”

= Supply stability

= Price control

= Maintain tech-edge
over competition ->

= Maintain industry
leadership

= Creates dependence of

competition on us
14

= Lack of specialization

= [nternational
negotiations




Cataloging Activities: The Value Chain

Suppo
Activit

Sasa

15

! Firm Infrastructure !
International Negotiations, Financing, Planhing, Investor Reldtions,...
! Human: Resource Management !
rt ! Recruiting, Training, Compengation System !
ies : Technology Development :
29 production and R&D sites around the world. R&D costs >2% of net sales.
1 Significant Market Research !
i i Procurement '
Mining dnd processing equipment and supp!ies, transportatior services,...
T = C. - 2 levels of - Min transport | - Dedicated Technical
d|sper5|9n processing costs sales team services:
(US, Chile,  |_plants strat. |- No resellers | - Directsales | recycling,
AU, ARG) | |ocated or distributors | to customers | handling and
- Qre diversity Us, Chile, - Local Stocks | - Centralized use of reactive
(brine /'hard | Aystralia / US, |- Fast delivery | sale / local lithium products
rock) China, Germany, distribution
191,000/341,000| France, Taiwan
tons
Operations Marketing
Inbound Outbound and After-Sales
| Logistics Logistics  Sales Service |
Primary Activities

Diversified, Worldwide Operations

Integrated Global Footprint for Lithium Chemical Conversion

° Resources o Specialties

Conversion to Battery
and Technical Grade

Kings Mountain, Langelsheim,
NC, U5, Germany
Silver Peak, Taichung,
NV, US. Taiwan
New Johnsonville, Wodgina,
TH, LS. Australia

Salar de Atacama, La Negra,
Chile Chile

Kemerton,

Jiangxi, China
& Sichuan, China  Australia

Greenbushes,
Australia

Sasa
16




Activity System Map

Mining Processing Sales Distribution

Direct sales
to customers

Local depots

On-site initial
processing

Multiple
mining sites

Long-term '

contracts

Secondary
processing
close to
markets

VA

monitoring
of demand

arket specific
sales team

Upwards
scalable

Sasa supply

17

Our Dilemma: One Focus or Three

Competing
% Visions for AN
AN Albemarle’s AN
= The futdre IS SO brlght — 1 Future . Balance' with str&ng cash
gotta )Near shades flow /' \
= But fhany competitors o Bro;rflne mature
= Diversified resources, = All,fequire adapting to
rock & brine \‘ customer needs
. ,EV demand economy \ . Bromlne and Catalyst c‘an
/' dependent \ /feed Lithium \
Lithium Only

Paul
18




Potential Firm / Industry Inertia

= Cognitive Inertia
— Albemarle has survived by changing

= Action Inertia

— Albemarle perceived lithium
opportunity and acted

— But did they see other entrants?

= [ncentive Inertia

— Given growth of lithium
production and stalled demand
should they go all in or not?

Paul 19

Approach to Corporate Advantage

= Portfolio Management

— Rockwood acquisition was chance to diversify
across business units, leverage ability to
produce specialty chemicals to meet changing
client needs — at low cost!

= Restructuring

— Albemarle itself has restructured many times —
from paper company to LITHIUM

= Sharing or Transferring Activities
— Partnerships w/ Exxon (catalysts)
— Lithium development P-ships

Paul
20




Albemarle’s Decision Drivers

= What We Do Well (i.e. “Make™)
= Top-level Specialty Chemical producer
= Expertise to be responsive to client needs

= Wide-range of products and industries
Agricultural compounds

= Drilling compounds

Cleaning products

Lithium (2015)

Catalysts (plastics, polymers, refining)

Paul
21

Decision Drivers Part Deux

= What We Have Bought/Do Not Do Well
= We own bromine and lithium resources BUT
= We buy inputs for catalyst business

= Bought LITHIUM business in 2015
= Purchased from KKR for $6.2 billion
= Now leading LI producer
= Working to increase efficiency

Paul
22




Albemarle’s Approach

We Do Vertical Integration Horizontal Diversification

€

New Business Entry — Lithium

1. The Attractiveness Test (future)
2. The Cost-of-Entry Test (bought)
3. The Better-Off Test

Paul

Lithium Vertical Integration

Technology Innovation: Spanning from Minerals to Market

Resources Conversion Derivatization

Hydrogeology
Protect Environment &
Sustain Resource

Process Chemistry
Optimize Utilization &
Tailor Product Quality

Advanced Materlals

- Extraction :
Maximize Lithium Create Customer Solutions &
Recovery & Purity Performance Differentiation

Paul
24




Horizontally Diversified Portfolio

Diversified Portfolio with Above-Market Margin

KEY STATS BUSINESS OVERVIEW®

Making the World Safe and Sustainable by Powering the Potential of People

1887
Founded e

Lithium Catalysts Bromine Specialties

29% 31%
of Total of Total
Revenue Revenue

Global Employees? ~5,600
Countries ~100

Dividend Payout Ratio? 25%

FINANCIAL HIGHLIGHTS?®

Adj. EBITDA Margin®
Net Sales $3.2B

~2%
Industry Growth”™

Adj. EBITDA $951M REVENUE BY GEOGRAPHY
Adj. EBITDA Margin 30%

Net Income? $608M

45% 2%
Asia (12% in China) RoW

Paul

Financial Performance

Does Albemarle create value at an acceptable
level of financial risk, relative to their
competitors?

Matt




Value Creation Questions

= |s Albemarle investing capital from investors
to generate future cash flows at rates that
exceed the cost of capital?

= How do they compare to their competitors?
= Diversified vs. 100% lithium
= Global vs. local mining operations

Matt
27

Value Financial Ratios & Measures

Measure ALB SQM LTHM Interpretation

= Strategies:
ROIC 9.8 7.8 13.7 = Diversified vs. Single
= Global vs. Local Mining

Operating = Multi-year pricing >
Margin i st R Spot Market?
= Multi-year pricing
Frelflx e $132.4M  +$105.6M - $126.2M  allows cheaper credit

for expansion.

Matt
28




Free Cash Flow

Cash Flow' (38
$1.0-%1.2

$0.7 $0.7 - $0.8 $0.8-$0.9
$0.8 -

$0.5 .
50 " . 9 $1.0
0
ﬁ ﬁ h.a # ' 7

0.2 $(0.2) A} -
02 $(03) W o $(0.2)-$(04)
$(0.7) $(0.6) - $(0.7)
$(0.9) - ${1.0)

2015 2016 2017 2018 2019E 2021 2024

Target Target

mmm et Cash from Ops m Capital Expenditures Free Cash Flow
Matt
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Financial Risk Questions

= |s Albemarle creating value at unnecessary

financial risk?

= What is their ability to pay their bills now
(liquidity) and over time (solvency)?

= Are they over leveraged?

Matt
30




Financial Risk Ratios & Measures

Albema

Measure e SQM LTHM Interpretation
CurrentRatio 157 147 P9 |7 SRR
= Stand alone requires
I DS t_o 72.7 70.3 106 heavy greenfield
Total Equity :
investment
Interest = Spin off allows
Coverage access to capital vs
Ratio 15.85 8.89 >400 LT debt.
(Zombie
Check)

Matt
31

Financial Performance Analysis

= Diverse portfolios and multi-national
operations reduce risk and enable
expansion

= Increased Capital Provides Foundation
= Allows expansion supported by long-term lithium
price agreements. Capital allows you to ride the
wave. *If LT debt is too costly, spin off new IPO.
= Reduction in Commodity Price Risk
= 50% of ALB’s revenues come from diversified
bromine and catalyst businesses
= Reduction in Operation Risk/In-country flareups
= Argentina environmental water rights

Matt Chilean offsets and royadties




Firm Analysis Summary

* Industry Environment
— Tough industry to join
— Prices near trough
— Future demand projections are favorable
— Chinese vertical integration threat?

= Strategic Position
— Advantage: Global low cost at scale.
— Scope: Bromine, Catalysts and Lithium

— Activities: Diverse horizontal and vertical in key
value areas

Grou
P 33

Firm Analysis Summary

= Corporate Strategy
— Vertical Integration in value creating areas
— Horizontal Diversification across chemicals

= Global Strategy
— Globally integrated, top-level specialties

= Financial Performance

— Diversification allows stability with flexibility to
grow

— If credit becomes tight, spin off into a pure
lithium firm will allow expansion

Grou
P 34




Overall Assessment & Evaluation

* Firms with diverse and independent
portfolios can withstand commaodity price
fluctuates

= Stability plus Flexibility

= Diverse mining locations can mitigate
“restructured” mining and water right permits

Grou
P 35

Implications for National Security
= Stable and predictable international political
and trade relations are crucial

= 74% of Albemarle’s sales are to foreign
countries, 80% of mining is international

= Excessive regulatory and environmental
hurdles will reduce sales

Grou
P 36




Implications for Industrial Policy

= With global demand projected to triple by
2025, DLA should stockpile lithium now.

= Due to supply oversaturation, long-terms
contracts will ensure long-term supply
availability by encouraging expansion

Total Lithium Market Demand

KTLCE Albemarle Estimates
Asia Spot Prices _
Source: Benchmark Minerals 1,200
2019
L Estimate
h 1,000 and Range
a4,
= » LY 800 - "
g 3 P 2018 Estimate
2 o \:\‘\
= - 600 tima
LioH & ©
- - 400 2015 Estimate
Li,CO; o oy $7/kg 195 220 a0 =
Sl 175
7 200
Marginal Cash Cost
. 0
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