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ENVIRONMENT

Data collection and sharing for the NORI-D Project environmental
= impact assessment (EIA):

we spent 146 days at sea at the NORI-D site in 2022 with world-leading
scientists to complete our environmental baseline assessment, monitoring
program, and post impact study.

Peer-reviewed research:

data collected from the NORI-D site has served as the basis for 5 peer-reviewed papers
completed in 2022, while our staff members have contributed to three peer-reviewed papers
(on lifecycle waste generation, ethical considerations, and visioning a framework for effective

environmental management of deep-sea polymetallic nodule mining).

Safe operation parameters for deep-sea nodule collection:

we engaged a CSIRO-led consortium to develop a science-based framework to assist NORI in

9

developing an ecosystem-based environmental management and monitoring plan (EMMP) to
enable the company to minimize adverse impacts in the marine operating environment.

Operational visibility for stakeholders:

in collaboration with Kongsberg Digital, we tested Kognitwin in the CCZ, a digital twin that

A

replicates the deep-sea operating environment and nodule-collection operations in
3D. Kognitwin gives stakeholders a view into the operations and operators a tool to
anticipate and manage the impact that operations have on the environment.

NORI-D Project comparative lifecycle assessment (LCA):

RS

land-based production routes for the same metals. Benchmark’s LCA models show that metals from NORI-D

performed better in each impact category analyzed than all the land-based routes assessed, except for global

warming potential (GWP) and water consumption of producing cobalt sulfate from DRC.

Our manganese silicate product’s downstream carbon impacts:

we commissioned SINTEF, one of Europe’s largest independent research institutions, to characterize the properties of
our intermediate manganese silicate product when used to produce silicomanganese alloys rather than conventional
medium-grade manganese ores. SINTEF found that, compared to conventional ores, our product appears to have

significant downstream advantages in terms of cost and CO2 footprint and the potential for 7 to 17% higher value in
use depending on the carbon tax regime.

SOCIAL

The world’s first social impact assessment (SIA) for a polymetallic
nodule project in international waters:

oo

NORI launched a public stakeholder consultation program to scope a
SIA for the NORI-D Project.

Our contribution to sponsoring state communities:

via our subsidiaries NORI and TOML, we awarded 40 community projects grants in Nauru and
Tonga.

STEM talent pipeline:

=0

NORI and TOML sponsored 24 scholarships and training opportunities in environmental sciences

and marine management through our community program.

Global stakeholder engagement:

NORI provided responses to over 600 comments on the environmental impact statement
(EIS) for NORI's 2022 collector system trial in the CCZ.

GOVERNANCE

Our path to deliver net positive impacts:

we completed a materiality assessment and developed sustainability

B

The first environmental, social, and governance (ESG) handbook for marine
minerals:

goals.

we joined an international consortium to develop an ESG disclosure guidance to advance =
consistent and transparent industry disclosure of material topics related to marine minerals
projects in the deep-sea environment.

Commitment to healthy and productive oceans:

we signed on to the Ocean Stewardship Coalition to formalize our contribution to the Blue
2 Economy and UN Sustainable Development Goals.

Gender diversity in the boardroom:

3 out of 8 TMC board members are women, a 38% representation above the 32%
average for companies on Nasdaqg.

26

we commissioned Benchmark to conduct a third-party verified seafloor-to-factory-gate LCA to assess the impact
that producing nickel, cobalt, and copper from nodules would have on the environment as compared to key

C
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Gerard Barron
Chairman & CEO

Over the past 12 months, we have made a great deal of progress towards

understanding the future impacts of our nodule projects.

Several developments merit highlighting: An independent, third-party-reviewed
lifecycle assessment of our NORI-D Nodule Project was completed by Benchmark
Mineral Intelligence. Our subsidiary NORI executed a complex three-vessel campaign
where the impacts of a pilot nodule collection system were carefully monitored by
independent scientists. NORI has also started the process of making the collected
data available to the public, with the initial batch of data from two of NORI’s offshore
environmental campaigns already available on the ISA DeepData and UNESCQO’s
OBIS database. Seven peer-reviewed research papers based on the NORI dataset
have already been published and we expect many more to follow. In close
collaboration with the CSIRO-led consortium, we have made progress on defining
environmental thresholds for our future nodule collection operations. At the industry
level, we have been active contributors to the development of the ESG Handbook for

Marine Minerals.
Here is what we have learned:

Lifecycle impacts: As a company, we see it as our responsibility to account for the full
stack of our impacts as we look for our projects to deliver a net positive impact on
people and the planet when compared to the alternatives. We began back in 2019 with
the commission of an in-depth academic lifecycle assessment (LCA) covering 19
impact categories which drew upon preliminary NORI project data to assess the
comparative impacts of sourcing metals for 1 billion electric vehicles, from both
nodules and land ores. The results were promising but comparisons to the averages
of land-based alternatives were crude. After two years of developing our offshore
nodule collection technology and piloting our nodule processing technology, we
produced a refined project dataset for NORI-D and commissioned a higher-fidelity
LCA from Benchmark focusing on eight critical impacts including carbon emissions,
waste, water, and toxicity. This time, we wanted to know how the NORI-D Project
model would compare to specific land-based production routes. Benchmark covered
93% of global refined nickel production, 86% of global mined cobalt and about 20% of
copper production. The big picture is still the same: the NORI-D Project model
outperformed most analyzed land-based production routes for nickel, copper and
cobalt—albeit there were two exceptions. Now we also have a refined assessment of
the NORI-D Project impact hotspots that we can address prior to starting commercial

production.

Marine impacts: Two critical areas not covered by Benchmark’s LCA are potential
impacts on marine biodiversity and ecosystem function. Assessing these impacts
against a comprehensive environmental baseline has been the primary focus of our
team for the past decade. During this time, NORI undertook 18 offshore campaigns in
collaboration with leading independent marine research institutions to develop a high-
resolution baseline of the NORI-D area from ocean surface, down into the seafloor. In
2022, we reached a significant milestone in our deep-sea research program. NORI
conducted the first pilot collection system test in the Clarion-Clipperton Zone since the
1970s, while independent scientists closely monitored and assessed the
environmental impacts. Our environmental team and research partners continue to
analyze the vast volumes (>200 terabytes) of data gathered during the trials. Early
results are encouraging: Our pilot collector entrained less sediment than we expected
and preliminary plume monitoring results are consistent with earlier in-field studies
from MIT and Scripps which found that 92-98% of sediment does not rise higher than
2 meters above the seafloor and re-settles locally. We plan to revisit the site of impact

12 months after the pilot test, so next year we'll be able to report on what we observe.

Reach of collected environmental data: The environmental data collected from
NORI-D area will inform the Environmental Impact Statement (EIS) for proposed
nodule collection operations on NORI-D and the development of the ecosystem-
based Environmental Management and Monitoring Plan (EMMP) that will provide
appropriate indicators and tolerance limits to create safe parameters for collecting
nodules. All this work forms the scientific foundation of our Adaptive Management
System (AMS) which will draw upon years of research and expertise from leading
marine institutions and hundreds of environmental sensors deployed throughout the
entire water column in our NORI-D project area. We now believe we have sufficient
data to assess and manage environmental risks of a small-scale operation while we
collect more data as part of the EMMP. We intend to start small, and to proceed with

caution and care.

Impact thresholds: A crucial component of ensuring safe subsea operations is the
implementation of defined environmental thresholds. Like guardrails on a highway,
these thresholds will define how far an ecosystem can be modified without the risk of
significant harm and will play a central role in our AMS. We are working with a
consortium led by Australia’s national science agency, the Commonwealth Scientific
Industrial Research Organization (CSIRO), to create a framework for proposed deep-
sea polymetallic nodule collection operations in the CCZ. The ISA has also confirmed
the importance of these thresholds and established three working groups comprised
of subject matter experts to advance this crucial work, targeting December 2024 for
their completion. With deep experience in developing scientifically robust frameworks
for marine ecosystem-based management — including for the Great Barrier Reef —
CSIRO’s team is the best in the business, and their past work will be invaluable when
leveraging NORI'’s extensive dataset to identify appropriate indicators to monitor and

create safe parameters for collecting seafloor nodules, before any operations begin.

Transparency: Most people assume that far offshore, deep-water operations will be
“out of sight, out of mind” and, therefore, difficult for the regulator to inspect and
control. That's where AMS comes in—it is intended to be the eyes and ears of our
operations not just for us and our offshore partners but for the regulator and key
stakeholders, enabling near real-time environmental and operational management of
our activities. Last year, we piloted the Digital Twin that forms the backbone of the AMS
and those of us who were not offshore were glued to our screens, tracking the
movements of Hector, our pilot collector on the seafloor. | know we are not the only
contractor developing such a system with the regulator and key stakeholders as end-
users in mind. Together, we hope to set the bar for the industry going forward. Far
offshore and at depth operations under the oversight of an international regulator
could become the easiest resource extraction projects to monitor. Transparency is also
top of mind for the international consortium TMC is part of alongside other companies
like Equinor and Aker BP non-profits like ACOPS and Férum Oceano, and with the ISA
and OECD as observers, working to create an ESG handbook for marine minerals.
This handbook will serve as a blueprint for disclosing material topics associated with

marine mineral projects while showcasing best practices.

If the last 12 months have been all about gathering the environmental data, the next
twelve months are about putting that data to work to minimize and mitigate impacts on
the marine environment. Together with our offshore partner Allseas, we are further
refining the design of our nodule collection system. In parallel, we are working on
producing the EIS, EMMP and Social Impact Statement for the NORI-D Project—all
critical components of NORI's exploitation application that will give the regulator and

key stakeholders a science-based view of the project’'s impacts.

| am pleased to share our second annual Impact Report and look forward to sharing

further updates next year.

Sincerely,

g

Gerard Barron
Chairman & CEO




Imagine if, a hundred years from now, our great-grandchildren could use the exact
same metal atoms inside our phones, cars and homes. These metal atoms could
continue to serve humankind through countless cycles of technological ingenuity. We
envision a carefully managed metal commons that will be used, recovered, and
reused again and again — for millennia. No more metal lost to landfills. No more
damage to the planet and the people on it. A society built with a metal metabolism,

similar to how many biological systems have evolved over time.

Getting there is not a straight path because today we do not have sufficient metal
stocks to meet our growing needs. We face the challenge of building up a metal
commons in a way that has the lowest possible adverse impact on people and the

planet.

The fight against climate change, which some Pacific Island nations describe as a
climate crisis, requires an accelerated transition to renewables and electric
transportation. Such a transition comes with an exponential growth in demand for the
critical metals that these technologies require. It will take decades to get to a place
where humanity has enough metal stock in circulation to meet its needs without

having to take significantly more metal from the planet.

We see two trends that we expect to continue to drive growth in metal demand:

e The world has embarked on a massive, multi-generational project to decarbonize

global energy and transportation.

e At the same time, the world’s population continues to grow (the United Nations has

predicted that it will grow by 2 billion net by 2050"), urbanize, and develop.

Given these developments, it is likely that in the next 30 years we will have to mine
more nickel, cobalt and copper than we have mined in all of human history. However,
existing land-based metal reserves reside in locations with multi-dimensional
challenges. For instance, Indonesia (which produces the most nickel and has the
most nickel reserves in the world) and the Democratic Republic of the Congo (DRC)
(which produces the most cobalt and has the most cobalt reserves in the world) have
significant human populations (over 270 million and 90 million, respectively) and

possess large carbon sinks, high biomass, and mega-biodiversity.

! United Nations Department of Economic and Social Affairs, “World Population Prospects 2022:

Summary of Results”, 2022

We have a three-step plan. First, we focus on addressing the immediate challenge:
How do we produce more metal required for the global energy transition and
development with the lowest possible cost to people and the planet? If extracted
responsibly, we believe polymetallic nodules found on the deep seafloor in the Clarion-
Clipperton Zone (CCZ) could be a good answer for critical metals like nickel, copper,

cobalt, and manganese.

Clarion-Clipperton Zone (CCZ) Exploration Area

The Earth's surface is 510 million km?,
of which the global deep-sea (defined
as >200 m in depth) is 360 million
km?. The CCZ is 4.56 million km? or
1.2% of the total ocean floor. CCZ is
an abyssal plain, which is defined as a
seafloor at depths between 3,500-
6,500 m. Abyssal plains cover 70%

of the ocean floor and are the most
common habitat on Earth.

Key Battery Metals Contained in Nodules
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Our
Products

While our first step is to extract resources from the seafloor, every new ton of metal we
add into the system today is a ton of metal that can be recovered and recycled in the
future — we plan to help build up recyclable metal stocks to reduce future demand for
mined metals. Second, we plan to track, recover and recycle the metals that we added
into circulation. In a few decades, we expect to exit metal extraction from seafloor
resources altogether as we expect most of global demand will be met with recycled
metals. Finally, with metal recycling as our key focus, we will expand our scope to

recover a broader set of metals.

We envision a carefully managed metal commons that will be used,

recovered, and reused again and again — for millennia.

Chapter 1 Chapter 2 Chapter 3
Supply required primary Recycle the metals we Recycle the rest
critical metals with the produce

east negative impact on

people and the planet

v

Exit primary production
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We consider it our responsibility to (1) account for the full stack of impacts we may
have on planetary boundaries and social foundations, (2) aim to create a net positive
impact on people and the planet, and (3) change course if the path we choose does

not deliver on our net positive impact goal.

Full stack of impacts: Failing to account for negative externalities of human activities
on people and the planet is what got our civilization in trouble. Taking metal from the
planet inevitably damages nature and can have significant human costs as well.
Minimizing these costs is why we decided to focus on developing a polymetallic
nodule resource found far offshore, away from human communities, and at great
depths of the abyssal plains that host lower biomass and biodiversity than most other
biomes on Earth. But are we right”? Will our operations deliver a better set of trade-offs
compared to the alternatives? We believe that a careful inventory of all material
impacts of our choices is a prerequisite for making informed decisions. It is therefore
our responsibility to invest in understanding the environment, anticipating potential
impacts of our future commercial operations on people and the planet, and improving

before we begin.

Net positive impact: \We have a rare opportunity to develop a resource deemed to be
a common heritage of humankind. We believe it is our responsibility to develop such a
resource in a manner that has a significant, lasting, net positive impact on people and

the planet.

Course correction: We believe it is our responsibility to change course if our chosen
path does not deliver on our net positive impact goal. We cannot afford path

dependencies.

OUR RESPONSIBILITIES

#1: Full Stack of Impacts

No “externalities” — accounting for the full stack of our impacts on planetary boundaries
and social foundations

#2: Net Positive Impact

Create a significant, lasting, net positive impact on people and planet using acommon
heritage of humankind resource.

#3: Course Correction

Change course if our chosen path does not deliver on our net positive impact goal: we
cannot afford path dependencies.

For over a decade, in partnership with and support from three Pacific island nations as
our sponsoring states, we have explored the seafloor of the Clarion-Clipperton Zone
(CCZ) in the Pacific Ocean where the planet's largest-known deposits of undeveloped
battery-grade metals reside. Together with our offshore engineering partner, Allseas,
we have developed and successfully piloted an offshore nodule-collection system that
lifted over 3,000 tonnes of nodules to the surface. And our onshore processing team
has developed and successfully piloted our nodule-processing flowsheet to produce
battery metals from the nodules while generating near-zero solid processing waste.
We have also invested in comparative lifecycle assessments to determine the impacts
associated with producing metals from nodules compared to other key land-based
routes of producing the same metals and in a multi-year, comprehensive assessment
program with leading scientific and academic institutions across the world to
determine the environmental impacts associated with nodule-collection operations in
the CCZ. Today, we remain in an exploration phase and are working on a
comprehensive application for an exploitation permit. To date, our impacts on people
and nature are limited to out offshore exploration expeditions and the technology-

development work that our partners predominantly conduct in their own facilities.

With this impact report, which we have published since 2021, we share our motivation,
approach, expected impacts and how they compare to key-land based metal-
production routes, and current work to eliminate or reduce our future impacts. We do
so to uphold our responsibilities as we look to account for the full stack of possible
impacts that we may have on planetary boundaries and social foundations, aim to
create a net positive impact on people and the planet, and change course if the path
we choose does not deliver on our impact goal. With all the science driven work we

have done and continue to do, we seek to help society make informed decisions.

We share these analyses and plans for another reason as well: to invite the many
brilliant people in the world who do not work in TMC to keep reading and to respond to
our plans. If you see questionable assumptions or if you have better ideas for solving
our complex impact puzzle, please share them viaimpact@metals.co. We welcome a
science-driven dialogue with a focus on solutions that consider the

interconnectedness and complexities of planetary and social systems.


https://metals.metrio.net/indicators/how_we_do_it/ccz_governance/international_treaty_for_the_high_seas_narrative
https://protect-au.mimecast.com/s/JiRPCp81z4c9p4ltD4Kso?domain=metals.co/
https://impact@metals.co/

Our Key Milestones

2011 . [ DeepGreen is found I} I— Nauru Ocean Resources Inc. (NORI, fully owned subsidiary) in the Clarion-Clipperton Zone is granted]

Lan exploration contract, sponsored by Nauru

2012 ‘ [ TOML (Tonga Offshore Mining Limited, a fully owned subsidiary since 2020) exploration contract
L granted, sponsored by Tonga

2015 . [ Marawa, sponsored by Kiribati, enters into an exclusive commercial agreement with DeepGreen (now TMC):]

2017

2019

2020

2021 . [ Sustainable Opportunities Acquisition Corp. (SOAC) + DeepGreen = metatpeompanyJ

2022 . l- NORI and Allseas Lift Over 3,000 Tonnes of Polymetallic Nodules to Surface (first integrated system
I_ trial in the CCZ since the 1970s)

2023 ‘ [ ISA roadmap target for finalization of Mining Code ]

2025 @ [ Projected to start small-scale commercial production]

2030 . [ Expected steady-state commercial production:l

# :
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Metal-Intensive Future
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The global energy transition will require metal in significant quantities. An offshore wind
farm requires eight times more critical metals to build than a coal-fired plant’, while an

electric car requires six times more compared to a conventional one®.

' |EA, “Minerals used in clean energy technologies compared to other power generation sources”,
Oct. 26, 2022

2 |EA, ‘Minerals used in electric cars compared to conventional cars”, Oct. 26, 2022

Minerals used in selected clean energy technologies

Conventional car _‘ . Copper
Electric car _ 7////////////////_ Chromium
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Natural gas -
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Sources: IEA, "Minerals used in electric cars compared to conventional cars”, Oct. 26, 2022; IEA, "Minerals used in clean energy technologies compared to

other power generation sources”, Oct. 26, 2022

Our decarbonized, metal-intensive future has already attracted considerable analytical
effort from organizations such as the World Bank', the International Energy Agency
(IEA)? and the International Monetary Fund (IMF)® On a global scale, the IEA has
predicted that the global energy transition will increase the overall demand for
minerals by four to six times by 2040. For certain critical metals, the growth in demand
may increase even higher—up to 42 times for lithium, 25 times for graphite, 21 times
for cobalt, 19 times for nickel, 8 times for manganese, and 2.7 times for copper as

compared to 2020,

' World Bank, “Minwerals for Climate Action: the Mineral Intensity of the Clean Energy Transition”,
April 2020

2 |EA, ‘The Role of Critical Minerals in Clean Energy Transitions”, 2021

3 Lukas Boer, et al., “Energy Transition Metals” Oct. 12, 2021

* |IEA, ‘The Role of Critical Minerals in Clean Energy Transitions”, 2021

Total mineral demand for clean energy technologies by scenario, 2020 compared to 2040

2040 Net-Zero by
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2040 Sustainable -
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2020' 2X 4x Bx
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Growth of selected minerals: Sustainable Development Scenario, 2040 compared to 2020
Copper? 3
Manganese’ 8

Nickel® 19
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Graphite? 25
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Source: IEA, “The Role of Critical Minerals in Clean Energy Transitions”, 2021

! Stated Policies Scenario (STEPS) and indication of where the energy system is heading is based on a sector-by-sector analysis of today's policies and policy
announcements
2 Renewables and network-related minerals

3 Battery-related minerals

Many commitments that governments and industry made at the U.N. Climate Change
Conference COP26 in Glasgow and COP27 in Sharm el-Sheikh have focused on
accelerating the energy transition and further increased the implied demand for
metals'. At COP26, governments, cities, automotive original equipment manufacturers
(OEMSs), fleet owners, and investors reached an agreement to rapidly accelerate the
transition to zero-emissions vehicles and targeted 2040 (or 2035 for leading markets)
as the date by which zero-emission cars and vans should account for 100% of all new
car and van sales?. The final agreement from COP27 also highlights that “US$4 trillion
per year needs to be invested in renewable energy until 2030 to be able to reach net

zero emissions by 2050 °.

' U.N. Climate Change Conference (COP26) at the SEC Glasgow, “COP26 Outcomes”, Dec. 20,
2021

2 COP26, “COP26 Declaration on Accelerating the Transition to 100% Zero Emission Cars and Vans”,
April 8, 2022

3 UNFCCC, 'Shram el-Sheikh Implementation Plan”, 2022

An electric car with a 75 kWh battery using NMC811 (nickel-mnanganese-cobalt)

cathode chemistry would need 155 kg of metals contained in nodules:

of nickel in nickel  of cobalt in cobalt  of manganese in of copper
sulfate (NiSQO,) sulfate (CoSO,) manganese cathode for the
sulfate (MnSQO,) harness and
connectors
28 27 25 29
Nicke Cobatt Manganese Coppet

58.693 58.933 54938 63.546

Source: Elsa Olivetti et al., “Lithium-lon Battery Supply Chain Considerations: Analysis of

Potential Bottlenecks in Critical Metals” Oct. 11, 2017

The IEA acknowledges that current data shows a “looming mismatch between the
world's strengthened climate ambitions and the availability of critical minerals that are

essential for realizing those ambitions”?

. Some market analysts already view supplying
critical metals for accelerated decarbonization as “mission impossible”®, while others
predict that, by 2030, automakers will likely give up more than 30 million unit sales per
year due to raw material underinvestment®. Several auto OEMs have acknowledged

the potential for critical metals to slow down their electrification efforts®.

" |EA, “The Role of Critical Minerals in Clean Energy Transitions”, May 2021

2 |EA, ‘World Energy Outlook - Topics”, Oct. 1, 2021

3 Wood Mackenzie, “COP26: Why Base Metals Should Be High on the Agenda”, Oct. 6, 2021

* Battery Materials Review, “News & analysis of the international battery materials markets”, Feb. 9,
2022

°> Reuters, ‘Mercedes-Benz CEO Says Raw Material Scarcity Could Delay e-Mobility - Die Zeit.
Reuters”, Feb. 2, 2022; Financial Times, 'Carmakers’ battery plans in peril as raw material costs

soar", Aug. 11, 2022

We can identify four main risks presented by the supply of critical metals needed for

the energy transition: availability, security, price and ESG impacts.


https://www.iea.org/data-and-statistics/charts/minerals-used-in-electric-cars-compared-to-conventional-cars
https://www.iea.org/data-and-statistics/charts/minerals-used-in-clean-energy-technologies-compared-to-other-power-generation-sources
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions/mineral-requirements-for-clean-energy-transitions
https://www.sciencedirect.com/science/article/pii/S2542435117300442
https://metals.metrio.net/indicators/why_we_exist/metal_intensive_future/availability_narrative
https://metals.metrio.net/indicators/why_we_exist/metal_intensive_future/security_narrative
https://metals.metrio.net/indicators/why_we_exist/metal_intensive_future/price_narrative
https://metals.metrio.net/indicators/why_we_exist/metal_intensive_future/esg_impacts_narrative
https://metals.metrio.net/indicators/why_we_exist/metal_intensive_future/availability_narrative
https://metals.metrio.net/indicators/why_we_exist/metal_intensive_future/security_narrative
https://metals.metrio.net/indicators/why_we_exist/metal_intensive_future/price_narrative
https://metals.metrio.net/indicators/why_we_exist/metal_intensive_future/esg_impacts_narrative
https://www.iea.org/data-and-statistics/charts/minerals-used-in-clean-energy-technologies-compared-to-other-power-generation-sources
https://www.iea.org/data-and-statistics/charts/minerals-used-in-electric-cars-compared-to-conventional-cars
https://pubdocs.worldbank.org/en/961711588875536384/Minerals-for-Climate-Action-The-Mineral-Intensity-of-the-Clean-Energy-Transition.pdf
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions
https://www.imf.org/en/Publications/WP/Issues/2021/10/12/Energy-Transition-Metals-465899
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions
https://ukcop26.org/the-conference/cop26-outcomes/
https://www.gov.uk/government/publications/cop26-declaration-zero-emission-cars-and-vans/cop26-declaration-on-accelerating-the-transition-to-100-zero-emission-cars-and-vans
https://unfccc.int/documents/624444
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions
https://www.iea.org/topics/world-energy-outlook
https://www.woodmac.com/news/opinion/cop26-why-base-metals-should-be-high-on-the-agenda/
https://www.reuters.com/business/autos-transportation/mercedes-benz-ceo-says-raw-material-scarcity-could-delay-e-mobility-die-zeit-2022-02-02/
https://www.ft.com/content/b4002e49-07ce-41d8-9d3b-b6ed55af798c

The world faces potential shortages for metals such as nickel', copper?, and cobalt®
as early as 2025 to 2028 depending on the metal®. Exploration pipelines currently look
thin and, if major new discoveries arise, it will take a long time to assess them and
plan, develop, and start production. Between 2010-2019, it took, on average, 16.5

years for major mining projects to move from discovery to first production®.

' Marcelo Azevedo et al., “How clean can the nickel industry become?”, Sept. 11, 2020

2 Wood Mackenzie, Q4 2020 Copper Long Term Outlook, December 2020

3 Pratima Desai and Mai Nguyen, “Shortages flagged for EV materials lithium and cobalt”, July 1,

2021
4 Benchmark Raw Material Forecast, 2023

° |EA, “The Role of Critical Minerals in Clean Energy Transitions”, May 2021
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https://www.mckinsey.com/industries/metals-and-mining/our-insights/how-clean-can-the-nickel-industry-become
https://www.reuters.com/business/energy/shortages-flagged-ev-materials-lithium-cobalt-2021-07-01/
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions

After decades of strategic investment and industrial policy codified in its governing
five-year plans, China (“dubbed the “Saudi Arabia of clean technology”') dominates
the energy materials supply chain and has effectively secured its role as the world’s
primary economic beneficiary of the energy transition. The lack of geographical
diversity in metal extraction and processing operations creates much more
concentrated and vulnerable metal supply chains compared to the fossil fuel era from

which we have begun transitioning.

! Peter Sopher, “How a Minerals Shortage is Halting our Energy Transition”, Feb. 16, 2022

Share of top three producing countries in production of selected minerals and fossil fuels, 2019

Oil SAU RUS Fossil fuels Oil refining CHN RUS Fossil fueis
Natyral gas i LNG export e AU USA
Copper CHN ' PER
s Copper EENT I CHL. JPN
Nicke! IEEEEEN RUS PHL : :
P Nickel IDN PN Mhiorale
Cobalt NEEE A S RUS
¢ Chinpa 3
Graphite MOZ  BRA Cob A N BEL
Rare earths USA  BEL Rare earths MYS
Lithium CHL CHN Lithium CHL ARG
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Source: IEA, ‘The Role of Critical Minerals in Clean Energy Transitions ", May 2021
Notes: LNG = liquefied natural gas; DRC=Democratic Republic of the Congo. The values for copper processing are for refining operations.

Sources: IEA (2020a); USGS (2021), World Bureau of Metal Statistics (2020); Adamas Intelligence (2020)

Electric vehicle (EV) sales soared by 60% in 2022 and, for the first time, attained a 10%
global market share led by China and the European Union'. However, in a supply
chain vulnerability assessment for battery EVs that it developed, GlobalData
concluded that, except for China, countries with the biggest EV sales have among the

biggest supply chain vulnerabilities?.

! David Wallace-Wells, "Electric Vehicles Keep Defying Almost Everyone’s Predictions”, Jan 11, 2023
2 |sabeau van Halm and Cathy Mullan, “Booming EV Sales Challenge Critical Mineral Supply Chains”, Feb.

14, 2022

EV battery materials: 2022 supply chain vulnerability index

vulnerable

Source: Isabeau van Halm and Cathy Mullan, ‘Booming EV Sales Challenge Critical Mineral Supply Chains ”, Feb. 14, 2022

Note: GlobalData based on Comtrade

Mineral dependence has now become a critical geopolitical issue in many countries
around the world. In the United States, the White House has disclosed ambitious plans
to achieve net-zero greenhouse gas (GHG) emissions by 2050, decarbonize the
national electrical grid entirely by 2035, and ensure that zero-emission vehicles
account for at least 50% of all new vehicle sales by 2030'. Encouraged by the tax
credits incentives from the Inflation Reduction Act (IRA)?, investments in EV battery
plants in the US have skyrocketed—more than in any other country®. Yet, today, China
produces three out of every four batteries, and we can expect the country to continue
to dominate the global energy metals supply chain and battery manufacturing

capacity, the latter of which looks set to increase fivefold by 2025°.

T uUs Department of Energy, “Biden-Harris Administration Releases First-Ever Blueprint to Decarbonize
America’s Transportation Sector”, Jan. 10, 2023

2 M. Moaz Uddin, “Understanding the Inflation Reduction Act’s Electric Vehicle Tax Credits”, Nov. 7, 2022

3 Atlas EV Hub, “$210 Billion of Announced Investments in Electric Vehicle Manufacturing Headed for the
U.S.”, Jan. 12, 2023

* BloombergNEF, “‘Race to net zero: Pressures of the battery boom in five charts", Jul. 15, 2022.

Battery production capacity by country/region

2"{6 —1%

16%

17%
2022: 2025: 69%

806 GWh 4,151 GWh
74%

China Europe = US M South Korea W Japan Other

Source: BloombergNEF. Note: GWh = gigawatt-hours. 2022 includes facilities commissioned up to May 2022. 'Other' includes capacity outside of the coutnries indicated. Based on current announcements without de-risking.

Values have been rounded.

Notwithstanding these ambitions, the US relies heavily on critical mineral imports. The
White House’s 100-day supply chain assessment report raised nickel as a critical
mineral, and the United States Geological Survey (USGS) formally added nickel to the
critical minerals list along with cobalt, manganese and lithium. The report also
hightlighted steps the US needs to take to start building mineral independence while

taking a more prominent role in the energy transition.

Yet, the IRA’s sourcing requirements’ might restrict the country’s options to get the
critical minerals it needs for its EV battery manufacturing industry. Thus, while the
country strives to build mineral independence, critical mineral supply chain shortages

could delay its decarbonization efforts.

! Green Car Congress, ‘Inflation Reduction Act mandates escalating battery critical mineral requirements to

qualify for EV tax credit”, Aug. 9, 2022

Reliance on imports for battery metals in the U.S. in 2022

Manganese 100%
Cobalt 76%
Nickel 56%
Copper 41%
Lithium >259%
0 20 40 60 80 100

Source: U.S. Department of Interior; U.S. Geological Survey, "Mineral Comodity Summaries 2023," Jan. 31, 2023

The Wilson Center in its Mosaic

Approach report states it clearly:

“Nearly all of U.S. produced nickel is

THE MOSAIC APPROACH: =
a Multidimensional Strategy for é‘
Strengthening Amernca’s Critical f
Minerals Supply Chain

exported abroad for further

=W §

processing and refinement.
Polymetallic nodules on the ocean
floor represent a significant domestic
L 2% opportunity for increasing U.S.

supplies of nickel, with the added

- bonus that they also contain cobalt

R W | Wison | GO and manganese.”

Duncan Wood, Adesandra Hallgon, Center
Mary DrAmco, s Erik Reemanin .

The Critical Minerals Supply Chain g
@ LULILL1L i
Ry . o

We can see the same concerns in the European Union (EU). The EU meets only 1% of

its own critical metal demand, and European politicians have stated that they cannot
allow a dependency on critical raw materials to replace Europe's current reliance on
fossil fuels'. The European Commission recently presented its Green Deal Industrial
Plan in response to the U.S. IRA that aims to provide EU countries with more financial

support to compete as a hub for electric vehicles manufacturing®.

' European Commission, “‘Keynote speech by Vice-President Marog Seféovi¢ at the Raw Materials
Security of Europe Conference”, 12 Sep. 2022

% Reuters, ‘Explainer: Why the U.S. Inflation Reduction Act Has Rattled Europe”, Feb 1, 2023.

11


https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions
https://www.energymonitor.ai/sectors/transport/booming-ev-sales-challenge-mineral-supply-chains
https://www.whitehouse.gov/wp-content/uploads/2021/06/100-day-supply-chain-review-report.pdf
https://www.usgs.gov/news/national-news-release/us-geological-survey-releases-2022-list-critical-minerals
https://www.wilsoncenter.org/publication/mosaic-approach-multidimensional-strategy-strengthening-americas-critical-minerals?utm_source=linkedin.com&utm_medium=social&utm_campaign=wilson
https://cleanenergyventures.com/clean-energy-ventures-news/how-a-minerals-shortage-is-halting-our-energy-transition/
https://www.nytimes.com/2023/01/11/opinion/electric-vehicles-sales-growth-tesla.html
https://www.energymonitor.ai/sectors/transport/booming-ev-sales-challenge-mineral-supply-chains
https://www.energy.gov/articles/biden-harris-administration-releases-first-ever-blueprint-decarbonize-americas
https://betterenergy.org/blog/understanding-the-inflation-reduction-acts-electric-vehicle-tax-credits/
https://www.atlasevhub.com/data_story/210-billion-of-announced-investments-in-electric-vehicle-manufacturing-headed-for-the-u-s/
https://www.bloomberg.com/professional/blog/race-to-net-zero-pressures-of-the-battery-boom-in-five-charts/
https://www.greencarcongress.com/2022/08/20220809-ira.html
https://ec.europa.eu/commission/presscorner/detail/en/SPEECH_22_5484
https://www.reuters.com/markets/why-us-inflation-reduction-act-has-rattled-europe-2023-02-01/#:~:text=BRUSSELS%2C%20Feb%201%20(Reuters),hub%20for%20clean%20tech%20products.

Mass EV adoption depends on price parity with conventional, internal combustion
engine (ICE) cars. We can generally expect that price parity to occur when a battery
reaches approximately US$100 per kilowatt-hour (kWh)'. Since 2010, when lithium-ion
battery pack prices exceeded US$1,200/kWh, prices have steadily fallen due to better
technology and economies of scale. In 2021, they hit an all-time low of US$132/kWh
with forecasts in the same year that they would reach average-price parity by 2024°.
However, due to soaring inflation and the rising battery component costs, volume-
weighted average prices have actually increased for the first time in history in 2022 to
reach US$151/kWh—a 7% rise from 2021 in real terms”®.

Volume-Weighted Average Lithium-Ion Battery Pack and Cell Price Split, 2013 — 2022

Real 2022 $USD/kWh
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Source: BloombergNEF. All values are in real 2022 dollars per kilowatt-hour. Weighted average survey includes 178 data points from passenger cars, buses, commercial
vehicles and stationary storage.

The commodity prices for lithium, nickel, and copper reached multi-year highs in 2022,
and, in March 2022, the London Metal Exchange (LME) suspended nickel trading for a
week after prices more than doubled to cross a record US$100,000 per tonne*.
Updated industry forecasts now expect battery pack prices to remain at a similar level
as 2022 and average pack prices to fall below US$100/kWh only by 2026°. The road
ahead for EV price parity with ICE vehicles looks bumpier than initially thought and

puts the immediate mass EV adoption at risk.

! BloombergNEF, ‘Battery Pack Prices Cited Below $100/kWh for the First Time in 2020, While Market
Average Sits at $137/kWh”, Dec. 16, 2020, BloombergNEF, “Battery Pack Prices Fall to an Average
of $132/kWh, But Rising Commodity Prices Start to Bite”, Nov. 30, 2021

Isabeau van Halm and Cathy Mullan, ‘Booming EV Sales Challenge Critical Mineral Supply
Chains”, Feb. 14, 2022

BloombergNEF, 'Lithium-ion Battery Pack Prices Rise for First Time to an Average of $151/kWh”,
Dec. 6, 2022

4 Jack Farchy et al., “The 18 Minutes of Trading Chaos That Broke the Nickel Market”, March 14,
2022

BloombergNEF, 'Lithium-ion Battery Pack Prices Rise for First Time to an Average of $151/kWh”,

Dec. 6, 2022

Breaking Down the Cost of an EV Battery Cell

Average Cell Cost In 2022: $120/ kWh1

47%
Electrolyte

The medium that

transports lithium ions
from the cathode to

the anode.

A
—
N
v v

Battery

Housings
Cases that
contain and
protect battery
packs, usually
made of steel
or aluminum.

3%

Anode

The negatively charged
electrode, typically
made of graphite.

Separator

Separators
prevent electric
contact between
the cathode and
the anode.

Source: Visual Capitalist

7 50/ of all cell manufacturing
O occurs in China.?

Cathode

The cathode material determines the capacity
and power of a battery, typically composed of
lithium and other battery metals.

Manufacturing &

Depreciation

The largest EV battery
manufacturers are all
headquartered in Asia.

A

51%

A battery pack consists of
multiple interconnected modules
and each module is made up of
hundreds of individual cells.

EV Battery

Source: Visual Capitalist. The contribution of each EV battery cell component is based on 2021 costs from BloombergNEF.

! BloombergNEF, 'Lithium-ion Battery Pack Prices Rise for First Time to an Average of $151/kWh”, Dec. 6, 2022.

2 BloombergNEF, “China’s Battery Supply Chain Tops BNEF Ranking for Third Consecutive Time, with Canada a Close Second”, Nov. 2022.
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https://about.bnef.com/blog/battery-pack-prices-cited-below-100-kwh-for-the-first-time-in-2020-while-market-average-sits-at-137-kwh/
https://about.bnef.com/blog/battery-pack-prices-fall-to-an-average-of-132-kwh-but-rising-commodity-prices-start-to-bite/#_ftn1
https://www.energymonitor.ai/sectors/transport/booming-ev-sales-challenge-mineral-supply-chains
https://about.bnef.com/blog/lithium-ion-battery-pack-prices-rise-for-first-time-to-an-average-of-151-kwh/
https://www.bloomberg.com/news/articles/2022-03-14/inside-nickel-s-short-squeeze-how-price-surges-halted-lme-trading
https://about.bnef.com/blog/lithium-ion-battery-pack-prices-rise-for-first-time-to-an-average-of-151-kwh/
https://about.bnef.com/blog/lithium-ion-battery-pack-prices-rise-for-first-time-to-an-average-of-151-kwh/
https://about.bnef.com/blog/chinas-battery-supply-chain-tops-bnef-ranking-for-third-consecutive-time-with-canada-a-close-second/#:~:text=China%20currently%20hosts%2075%25%20of,refiner%20of%20battery%20metals%20globally.

A long history of severe environmental and social impacts makes increased land-
based mining for metals an uncomfortable fit with the ethos behind the energy
transition. By its nature, extracting resources constitutes a destructive process that
often starts with the need to displace or change the land that local communities and
Indigenous people use. Depending on an operation’s nature, it may involve
deforestation and associated loss of carbon sinks and biodiversity due to flattened
mountains, giant holes from blasting, and other events that disfigure the landscape at
a large scale. Factors such as location, ore type, ore grade, and processing technique
create different ESG impacts. For example, low ore grades often result in operations
that produce rock waste and tailings in large amounts that an operator must isolate
from the environment and manage almost indefinitely in engineered structures, place

underground, or dump into the deep sea.

! Lindsey L. Vare et al., “Scientific Considerations for the Assessment and Management of Mine

Tailings Disposal in the Deep Sea”, Feb. 5, 2018.

190B Tons 2B Tons

Land mining waste Municipal solid waste

Each year, around 190 billion tons of waste are generated through land mining ',
making it the single largest source of waste on this planet and dwarfing the 2

billion tons of municipal solid waste generated globally each year=.

! Research and Markets, “Mining Waste Management — Global Market Trajectory &
Analytics”, Mar. 2023.

2 World Bank, “What a Waste 2.0: A Global Snapshot of Solid Waste Management to 2050 ”,
Sept. 20, 2018.

The tailings storage facilities that are used to contain these mountains of waste on
land are among the world’s largest engineered structures — they can be well over 150
meters tall and store more volume than 750,000 Olympic swimming pools. If they are
not managed appropriately, tailings storage facilities can pose a threat to the

surrounding environment and communities.

Brumadinho dam disaster, 2019, Brazil

At its worst, metal extraction can involve child labor' (with up to 40,000 children
working in dangerous conditions in cobalt mines in the Democratic Republic of the
Congo?), human rights abuses, shortened miner lifespans, and even loss of life. Land-
based mining also frequently generates conflicts with surrounding communities,
especially when it poses a risk to their livelihood and traditional ways of life. In a report,
MSCI found that the majority of U.S. reserves for critical minerals reside within 35 miles
of Native American reservations: 68% of cobalt, 89% of copper, 79% of lithium, and
97% of nickel reserves®. Metal extraction is usually an energy and water-intensive
business and generates significant carbon emissions, noise, and dust, and it also puts
additional stress on a region’s freshwater resources. Copper mines, in particular, often
coincide with water stressed regions that will likely face increased aridity in the coming

decades*.

As a result, new mining projects tend to face strong opposition on social and
environmental grounds®. As I[EA’s executive director has said, “left unaddressed, these
potential vulnerabilities could make global progress towards a clean energy future
slower and more costly—and therefore hamper international efforts to tackle climate

change®”.

! Dailymail, “The Shaming Images That Show Where Our iPhones, Laptops and Tesla Cars REALLY
Come From: The Truth About the Congolese Mines Where Kids are Paid $2-a-day to Dig for
Cobalt”, Jan. 30, 2023.

International Labour Organization, “ILO — Child Labour in Mining and Global Supply Chains”, May,
2019.

Samuel Block, "Mining Energy-Transition Metals: National Aims, Local Conflicts ”, June 3, 2021.
McKinsey, “Climate Risk and Decarbonization: What Every Mining CEO Needs to Know”, Jan. 2020.
Henry Fountain, “Alaska's Controversial Pebble Mine Fails to Win Critical Permit, Likely Killing It”,
Nov. 25, 2020; Ernest Scheyder, “Rio Tinto's 26-year Struggle to Develop a Massive Arizona Copper
Mine”, April 19, 2021; U.S Department of Interior, “Interior Department Takes Action on Mineral
Leases Improperly Renewed in the Watershed of the Boundary Waters Wilderness”, Jan. 26, 2022.
IEA, “Clean Energy Demand for Critical Minerals Set to Soar as the World Pursues Net Zero Goals”,

May 5, 2021

). ». (N
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Location, ore type, ore grade and processing techniques result in significantly different
ESG profiles. For example, nickel laterite ores appear in greater abundance in surface
deposits in the tropics. They come with more impurities, require large amounts of
energy and water to process, and generally impact the environment and the climate
more significantly than nickel sulfide ores’ (see the pages “Comparative Lifecycle
Studies” and “TCFD & TNFD” for more information). Driven by demand growth, nickel
production from laterite ores continues to rise and now represents about 70% of
production globally“. Due to where these deposits reside, this tendency also comes

with greater risks for biodiversity.

1 USGS, 2011; Michelle Michot Foss et al., “Need Nickel ? How Electrifying Transport and Chinese
Investment Are Playing Out In The Indonesian Archipelago”, Apr. 2022.

2 Daina Paulikas et al., “Where Should Metals For The Green Transition Come From?”, 2020.

75% of Nickel Reserves on Land Reside in High Biodiversity Countries

Biodiversity Index

. . @ Nickel reserves

Low biodiversity High biodiversity ) Relative share of global nickel reserves

Source: Carbon Trust analysis based on: 'Convention on Biological Diversity, Annex 1: Biodiversity Information by Country"; USGS, 'U.S. Geological Survey, Mineral Commodity Summaries:

Nickel", Jan. 2021.
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https://metals.metrio.net/indicators/why_we_exist/our_hypothesis/comparative_life_cycle_studies_narrative
https://metals.metrio.net/indicators/how_we_do_it/tmc_governance/tcfd_and_tnfd_narrative
https://www.cbd.int/gbo1/annex.shtml#note1
https://pubs.usgs.gov/periodicals/mcs2021/mcs2021-nickel.pdf
https://www.frontiersin.org/articles/10.3389/fmars.2018.00017/full
https://www.researchandmarkets.com/report/mining-waste-management?utm_source=BW&utm_medium=PressRelease&utm_code=mgbcqw&utm_campaign=1432221+-+Global+Mining+Waste+Management+Market+Estimated+at+189.8+Billion+Tons+in+2020+Amid+COVID-19+-+Industry+Analysis+and+Forecast+to+2027&utm_exec=joca220prd
https://datatopics.worldbank.org/what-a-waste/
https://www.dailymail.co.uk/news/article-11668015/Devastating-photos-cobalt-mines-Democratic-Republic-Congo-power-Apple-Tesla-more.html#v-6089357619817068684
https://www.ilo.org/manila/publications/WCMS_720743/lang--en/index.htm#:~:text=More%20than%201%20million%20children,deprives%20them%20of%20an%20education.
https://www.msci.com/www/blog-posts/mining-energy-transition-metals/02531033947
https://www.mckinsey.com/capabilities/sustainability/our-insights/climate-risk-and-decarbonization-what-every-mining-ceo-needs-to-know
https://www.nytimes.com/2020/11/25/climate/pebble-mine-permit-denied.html
https://www.reuters.com/business/energy/rio-tintos-26-year-struggle-develop-massive-arizona-copper-mine-2021-04-19/
https://www.doi.gov/pressreleases/interior-department-takes-action-mineral-leases-improperly-renewed-watershed-boundary
https://www.iea.org/news/clean-energy-demand-for-critical-minerals-set-to-soar-as-the-world-pursues-net-zero-goals
https://www.bakerinstitute.org/sites/default/files/2022-04/import/research-paper-nickel-041122.pdf
http://metals.co/download/237815/?tmstv=1691416644
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Metals are recyclable—the silver lining to our metal-intensive future. Our increasing
reliance on metals makes it easier to reimagine how we can keep making and
remaking our “technosphere” through iterative technological innovation cycles while
relying on a shared metal stock (cradle-to-cradle). To a limited extent, we will need to
continue to mine for more metals. However, as long as we take care of our metal
stocks, we can ensure to significantly reduce mining activities and, thus, its potential

harm to people and the environment.

We have yet to achieve this vision. Take copper—a metal we have arguably mined for
the longest period (in fact, archaeologists have found copper artifacts that date far
back as 8,000 years)'. Our predicted copper needs for the next 30 years far outstrip
estimations for the total copper amount that humans have taken from the planet to
date and, with declining ore grades, the projected tailings generation dwarfs those
generated in the last century?. What's more, we cannot rely on using existing copper
stock in the near future since long-term applications, such as building wire, copper

pipes, and telecommunication and power cables, tie it up®.

' Robert J. Braidwood et al, “ Beginnings of Village-Farming Communities in Southeastern
Turkey”, June 1971.

2 Ayman Elshkaki et al, “ Copper Demand, Supply, and Associated Energy Use to 2050", July
2016.

3 UNEP “Metal Stocks in Society: A Scientific Synthesis”, 2010.

Societies have practiced metal recycling for decades. Estimates for current global
end-of-life recycling rates range between 68% for cobalt, 59% for nickel, 53% for
manganese ', and 45% for copper?. Given the dynamic nature of metal flows, durable
consumer goods can tie up metals for decades. Product lifespans differ and can even
grow. For example, an EV battery may enter second-life applications in home or grid
energy storage®. As a result, it might take a good part of the 21st century to get to a
place where we have enough metal stock in circulation to meet our needs without
having to dig up much more. According to analysis by the World Bank, if we currently
recycled all copper, nickel, and cobalt at the end of a product's life, by 2050, we would
have reduced demand for mining by only 26%, 23% and 15%, respectively*. The 2021
I[EA special report, titled “The Role of Critical Minerals in Clean Energy Transitions”,
modeled the numbers for two scenarios: 1) a stated policies scenario (STEP) and 2) a
more ambitious sustainable development scenario (SDS). According to its analysis, in
2040, recycled copper would account for approximately 20% of total supply in both
scenarios, recycled nickel for 6% in STEP and 10% in SDS, and recycled cobalt for
24% and 21%, respectively”. As long as the overall metal demand grows, our reliance

on mined metal will persist.

" UNCTAD, “Commodities at a Glance”, May 2020.

2 M.L.C.M. Henckens and E.Worrell, “ Reviewing the Availability of Copper and Nickel For
Future Generations. The Balance Between Production Growth, Sustainability and Recycling
Rates”, Aug. 10, 2020.

3 Jerad Ford and Jim West, “Known Unknowns: the Devil in the Details of Energy Metals
Demand”, Nov. 3, 2021.

* The World Bank, “Minerals for Climate Action: The Mineral Intensity of the Clean Energy
Transition™, April 2020.

°> |EA, “The Role of Critical Minerals in Clean Energy Transitions”, May 2021.
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' Ayman Elshkaki et al, “Copper Demand, Supply, and Associated Energy Use to 2050 ", July
2016.

2 Takuma Watari et al, “Review of Critical Metal Dynamics to 2050 for 48 Elements”, April 2020.

3 Harald Ulrik Sverdrup et al, “Adaptation to a New Economic Reality”, Nov. 30, 2019.

* Takuma Watari et al, “Review of Critical Metal Dynamics to 2050 for 48 Elements”, April 2020.

°> Harald Ulrik Sverdrup et al, “ Adaptation to a New Economic Reality”, Nov. 30, 2019.

Fortunately, we have seen real progress across the world: China already requires its
EV battery manufacturers to assign individual batteries a unique ID that one can track
from production to end-of-life recycling'. The European Union's new battery
regulations establish requirements for achieving transparency, accountability, and
circularity throughout an EV battery’s entire lifecycle. The regulations introduce a
digital "battery passport” that will improve traceability and will provide relevant
information about the battery’s environmental impact, origin, and lifecycle. This level of
transparency will enable safer and easier to remove and replace batteries to build a
stronger battery recycling industry?. Various organizations have also begun piloting
blockchain solutions for supply-chain tracking throughout the lifecycle (e.g.,
Everledger, Circulor, ReSource), and dozens of established and new battery recycling
companies (e.g., Umicore, Northvolt, Redwood Materials, Duesenfeld, Li-Cycle) have

begun recovering metal from production scrap.

All these developments notwithstanding, we must face the fact that recycling alone

cannot meet our current transitional metal needs for the next 30-50 years®.

We can also expect other factors beyond the energy transition to drive the demand:
projections expect the world's population to grow by almost another 2 billion people by
2050* and living standards to improve in the developing world. In the short to medium
term, we cannot avoid extracting significantly more metal. We will need to mine more
critical metals in the next 30 years than we have mined in all of human history. But that

does not mean we cannot do it in a better way.

! Lukas Merkle, “Automotive Battery Tracking in China”, Nov. 2019

2 News European Parliament, "Batteries: Deal on New EU Rules for Design, Production and
Waste Treatment", Dec. 9, 2022; Celltech; "New EU Battery Regulation — What Does it Mean in
Practice?"

3 Daniele La Porta Arrobas et al, “ The Growing Role of Minerals and Metals for a Low Carbon
Future”, June 2017

* United Nations Department of Economic and Social Affairs, “World Population Prospects

2022: Summary of Results”, 2022

New Metal Supply Still Needed if Recycling Rate Reaches 100% by 2050
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Extracting and using our planet's resources without proper regard and accounting for

environmental and human consequences has resulted in our current predicament. As
a global community, we are moving toward taking responsibility for negative
externalities and rethinking what it takes for humans and nature to thrive on our planet.
In the last two decades, a new industry has emerged that focuses on producing
sustainability principles, frameworks, standards, rankings and certifications. And, while
we have finally attained increased awareness about the urgent challenges facing the
world, we often see only commitments that fail to achieve the magnitude and speed of
the change needed to ensure we do not surpass planetary boundaries while providing

prosperity for all.

Today, carbon emissions continue to rise, and ecosystems continue to lose
biodiversity. According to the 2019 Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystems Services (IPBES) Global Assessment Report,
approximately 25% of species in most animal and plant groups studied face
extinction’, and local domesticated plant varieties and animal breeds have begun
disappearing, which poses a serious risk to global food security. As for why, since
1970, the largest negative impact on nature has come from changes in land use (e.g.,
mainly for producing crops and livestock), which have significantly altered 75% of the
world’s land surface and directly impacted terrestrial and freshwater ecosystems. As a
result, we have lost forests, grasslands, and wetlands (e.g., 85% of wetlands area).
While agriculture drives around 73% of deforestation and forest degradation, urban
expansion drives 10%, infrastructure drives another 10%, and mining drives 7%. For
the latter in particular, developing roads, rail, and port infrastructure to transport and
explore minerals can have more indirect and cumulative impacts than actual mine

sites?.

" IPBES, “Summary for Policymakers of the Global Assessment Report on Biodiversity and
Ecosystem Services”, Nov. 25, 2019.

2 Sian Bradley, “Mining's Impacts on Forests”, Oct. 14, 2020.

The Global Living
Planet Index (1970 to 2018)
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On average, the populations of terrestrial, freshwater, and marine vertebrate
populations that the Global Living Planet Index (LPI) tracks have declined in
abundance by 69% in less than 50 years'. LPI only monitors populations that
represent 5,230 species. In a 2021 study, Yale researchers estimated that we have yet
to discover 80 to 90% of all terrestrial species in the world and that Indonesia, Brazil,
Madagascar, and Colombia (all nickel mining countries) provide the greatest
opportunity for new discoveries overall (i.e., about a quarter of all potential

discoveries)?.

Since 1992, urban area across the world has doubled in size, which has resulted in a
corresponding expansion in infrastructure linked to growing populations and
consumption. Furthermore, soil erosion (e.g., from deforestation, agriculture,
increases in urban areas, and mining) decreases soail fertility, and, today, soil erodes
quicker than it forms, which reduces its ability to store carbon dioxide®. After oceans,
soil constitutes the second largest natural carbon sink?. Oceans absorb 30% of the
carbon dioxide released in the atmosphere. As the amount of carbon dioxide
increases in the atmosphere, so will ocean acidification. As the ocean acidifies, it will
impact many ocean species, “especially organisms like oysters and corals that make
hard shells and skeletons by combining calcium and carbonate from seawater”°. The
ocean faces other challenges as well: currently one-third of the global fish stocks
experience overfishing and, in the last century, large ocean fish have decreased in
abundance by 90%°.

To meet everybody’s needs while maintaining a healthy, living planet, we must subject
solutions for resource extraction to two constraints: ecological limits and social needs.
Known as “"doughnut economics”, this construct, which English economist Kate
Raworth first proposed in 2012, refers to an economic model with two concentric
rings: an ecological ceiling and a social foundation. Between these two boundaries
lies an ecologically safe and socially just doughnut-shaped space in which humanity
can thrive. In Raworth’s words, she developed the construct “to ensure that no one
falls short on life's essentials (from food and housing to healthcare and political voice),
while ensuring that collectively we do not overshoot our pressure on Earth’s life-
supporting systems on which we fundamentally depend—such as a stable climate,

fertile soils and a protective ozone layer””’.

Doughnut economics offers a helpful conceptual framework to define the solution
space for ramping up the rate at which we will need to extract metal to meet demand,
but it only becomes meaningful when one updates it to reflect the world as it currently
stands. Raworth uses nine planetary boundaries, which a group of earth systems and
environmental scientists led by Swedish scientist Johan Rockstrom and American
chemist Will Steffen introduced in 20098, as the ecological ceiling, and she derives the
social foundation from internationally agreed-on