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In this article we reflect on the role some commodities, in particular metals denominated as critical or
technology metals, have in our day-to-day lives. The purpose of our article is to give the reader insight
into the role of silver, platinum, and cobalt in achieving carbon-neutrality and how they impact other
industries and technologies around us. We will cover three metals along a spectrum that we would
consider as (a) known metal, (b) less known metal, and (c) generally unknown metal, mapping the extent
to which they are known based on their functionality or how much they contribute to developing
technologies versus how much is known to the general public. The markets and mining industries
surrounding some of these metals have historically been opaque with no direct investment opportunities,
unclear pricing, and general disregard for working conditions in some cases. We strive to show a new
vision for investors and the general public, regarding the importance of these commodities and how to
guarantee responsible, transparent and democratized sourcing and access to these assets.

Silver

Silver (Ag) is a lustrous, white, metallic element, atomic number 47, atomic weight 107.87. Silver occurs
natively and in ores such as a lead, lead-zinc, copper, gold, and copper-nickel ores as principal sources.
Mexico, Canada, Peru, and the U.S. are the largest mining producers of silver globally. In 2021 world silver
mine production increased slightly to an estimated 24,000 tons following shutdowns in 2020 in response
to the global COVID-19 pandemic. Well-known silver is the world's most abundant metal with the highest
level of electrical conductivity and reflectivity.

World silver demand is distributed between industrial, photography, jewelry, silverware, and physical
investment with the industrial sector occupies 50% of use. Industrial demand includes
electrical/electronics, brazing alloys/solders, photography, solar panels, and ethylene oxide uses.
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Figure 1
Silver Price: USD/ounce
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The green “industrial revolution” is causing changes in demand for metals such as silver. The advance of
new technologies will stimulate the metal’s usage across various green industries. Growth of Electric
Vehicle (EV) and solar energy sectors are the most powerful drivers for silver demand in the next decades.
In 2021 about half of silver demand is from industrial activity including electrical and solar energy
technologies. The auto sector currently uses over 55moz of silver annually, with demand forecast to rise
to almost 70moz by 2030. Silver’s conductivity and resistance to corrosion make it a critical component
for electronics. According to the World Silver Survey 2021, EVs are expected to account for almost half of
silver demand from the auto industry by 2040, making this industry a key element of future silver demand
(Silver Institute, 2021). As “green” energy demand increases and the technology becomes more
affordable, solar photovoltaic (“PV”) capacity and EVs are going to broaden. Thus, Baker Steel Capital
Managers LLP expects that demand from solar PV could equal or exceed the silver volumes previously
used in the photographic film industry (Baker Steel Capital Managers LLP, 2021). Moreover, forecasts for
solar photovoltaic development indicate a rise of +180% in ten years, +459% in 20 years, and +720% by
2050.

Other solar technologies like concentrated solar power require 50% more silver reserves to reach the
expected goal for 2050. This technology uses mirrors and lenses to focus energy into heat that is then
transformed into electricity, which is treated as distinct from PV. Notwithstanding and to clarify, there
are many distinct solar energy technologies that do not depend exclusively on silver, but then we are faced
with other constraints regarding the materials used in their manufacture and their associated supply risks,
the likes of tellurium, indium or germanium are a few examples.

According to the Silver Institute, in 2022 the silver market will continue the trend from 2021, this year’s
upside will be broad-based, with gains expected from most key demand components (Silver Institute,
2022). The global total for 2022 is forecast to achieve a new record high, increasing by 8 percent to 1.112
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Boz. This potential will come from investment in green energy solutions including the automotive
industry, which should be robust, aided by surging sales of electric vehicles and the future perspective of
silver’s use in the photovoltaic (PV) industry.

The global electric vehicle market size was USD 246.70 billion in 2020 (GlobeNewswire, 2021). This market
is anticipated to grow from USD 287.36 billion in 2021 to USD 1,318.22 billion in 2028 at a compound
annual growth rate (CAGR) of 24.3% in the 2021-2028 period. The global solar energy market is expected
to reach USD 200 Billion by 2026 with a CAGR of 20% from 2020 to 2026 (Facts & Factors, 2020).

Platinum

Platinum (Pt) is a soft, heavy, malleable, ductile and extremely rare element belonging to the family of
transition metals, atomic number 78, atomic weight 195.08. Ninety-five percent of the total worldwide
reserves of platinum metals is located in the Earth’s crust in South Africa with additional reserves found
in Russia, the United States, and Canada. Platinum is most commonly found naturally in alluvial deposits,
but miners usually extract the metal from sperrylite and copperite. The extraction of platinum from ore
is a capital-intensive and labor-intensive process. It takes about 6 months and 7 to 12 tons of ore to
produce one troy ounce (31.135 g) of pure platinum. Platinum is used in a wide variety of industries due
to its unique properties such as excellent corrosion resistance, good electrical conductivity and ductility.

World platinum demand comes from four main industries of applications: automotive, jewelry, industrial,
investment, petrochemical and glass.

Figure 2
Platinum Price: USD/ounce
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The global focus on climate change and environmental policy has accelerated the development of detailed
and coordinated global decarbonization plans. The focus on decarbonization and clean energy generation
has been central to recent economic stimulus policies announced by the U.S., Europe, and China. All major
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global economic blocs are now committed to carbon neutrality by 2050 to 2060. Platinum group metals,
and platinum in particular, are indispensable in many efforts surrounding the green transition, from
reducing noxious fume emissions to playing a lead role in the production of renewable hydrogen energy.
As an added supply risk, the majority of production is present in South Africa, which has known political
and geographical risks, and which accounts for about 70% of global yearly production.

The current growth of the internal combustion engine automobile industry still threatens the quality of
air around the world: stricter regulations are being approved that are driving the consumption of Platinum
Group Metals (PGMs) at a global level and at an unprecedented pace. Additionally, as new technology
develops and is prepared for wider adoption, the concerns surrounding platinum supply stay in the
forefront of the biggest challenges. One example is hydrogen fuel cells, which are used in the production
of sustainable hydrogen energy in automobiles, for which platinum is vital and its use irremediable.
Currently vehicles with fuel cells contain about 10 times more platinum than an average autocatalytic
converter (10g vs 1.24g), and even though it is expected to be reduced by 80% by 2030 its critical role
cannot be ignored in the low-carbon transition (Kamijo, 2015). Automakers consume around 40% of
platinum demand of 8 million ounces a year - making platinum less vulnerable to the chip shortage. After
the automotive industry, the remaining platinum feeds into the jewelry, industrial and investment sectors.
The World Platinum Investment Council’s 2021 forecast for automotive platinum demand is to more than
double in 2022 including 200,000 oz for palladium substitution.

It is important to note that some of the biggest participants, contributors and consumers of the platinum
industry are currently investing in studies and new technologies that also use platinum as a replacement
for palladium or other PGMs of greater scarcity. Leading to a potential even larger “hidden” shift waiting
to happen as research focuses on new theoretical and experimental uses to incentivize platinum
production: see BASF’s Tri-Metal Catalyst as an example (Green Car Congress, 2020).

As supply/demand tensions grow, multiple alternative or unconventional ways are being developed to
recycle critical metals, including platinum (llyas and Kim 2022; Sun et al., 2022). These efforts, though, do
not substantially subtract from expected demand and present another concern moving forward that
researchers are increasingly focused on. Some researchers see the securing of the required platinum
supply in a positive light during the upcoming decades (Hao et al., 2019; Tong et al., 2022). Even so, it is
important to bring greater transparency and traceability as the weight that the green and low-carbon
transition have on mitigating global climate change deserves caution and consideration and is to our
ultimate benefit. Our views and concerns surrounding platinum are based on the long run and building
up to the 2050/60’s expectations of achieving carbon neutrality.

Cobalt

Cobalt (Co) is a hard silvery-white lustrous ferromagnetic metal; it belongs to Group VIl of the periodic
table, atomic number 27 and atomic weight 58.93. Cobalt has similar properties to iron and nickel and
can be magnetized just like iron. Most of the cobalt present on earth is closer to the core and exists in
low abundance in the crust and natural waters. Generally, cobalt is extracted as a by-product of nickel
mining or in coltan when mining other metals like niobium and tantalum. The primary location of cobalt
supply is in the Democratic Republic of Congo (DRC), which adds tremendously to the supply risk due to
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high geopolitical tensions and inhumane mining conditions. Other geographical regions with active cobalt
mining include, but are not limited to, Russia, Australia, Philippines, Canada and Cuba, but in far less
abundance.

Cobalt salts obtained from mined raw materials are processed according to commercial use in three main
categories:

e Lithium-ion batteries created from cobalt oxides, sulfates and metallic hydroxides;
e Super alloys, magnetic materials and catalysts created from electro deposited cobalt; and
e Hard alloys created from cobalt powders.

Figure 3
Cobalt Price: USD/pound
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Cobalt alloys are used in aircraft engines, gas turbines, high speed steel and other super alloys. In current
years it has been poised to vastly contribute to the green and low-carbon transition by being an integral
component of most lithium-ion based batteries used in electric vehicles or in energy storage systems. Due
to its ferromagnetic properties, it is also widely used in some magnets or and other recording devices
dependent on magnetic technology.

In recent years and with companies like Tesla expressing concern about critical metal supply and reserves,
knowledge of cobalt has been more widespread. Due to increasing legislation being passed, ushering in
the age of the electrification of public and private transportation, cobalt’s role for the benefit of
consumers has been made more evident. Today around 49% of cobalt is used exclusively as battery
chemical materials (Alves Dias et al., 2018).
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Table 1
Market Balance 2021-2030F

2021 2022 2023 2024 2025 2026 2027 2028 2029

Supply 135,987| 151,494| 168,929| 184,530| 198,262 207,282 216,209| 225,363| 234,030

Demand 138,211 155,432| 171,322| 195,786| 226,369| 248,526, 290,876| 321,620| 366,866

Market Balance -2,224 -3,938 -2,393| -11,256, -28,107| -41,244| -74,667| -96,257| -132,836

Source: Cobalt Blue Holdings.

According to Cobalt Blue Holdings, cobalt demand-supply balances in the transition to electric mobility is
a critical issue. Currently, reserves and supply are not sufficient to meet expected quotas when it comes
to particular cobalt demand for desired requirements to reach decarbonization goals by 2030-2050. This
is creating mining strains, which will negatively affect countries like the DRC that already suffer at the
hands of unregulated, artisanal and inhuman mining conditions. On a different and better note, this has
led to new explorations in the U.S., Canada and other countries, adding to the future diversification of the
market offer.

Current geopolitical concerns have also led to the investigation, research and development of potential
alternatives to cobalt in the manufacture of EV batteries. Nickel and manganese for example are a close
contender that can alleviate or completely relieve supply pressures from cobalt even if at the cost of
overall performance (Li and Lu, 2020; Asl and Manthiram, 2021). Nickel is much more abundant and has
similar chemical properties, presenting a viable solution to a very unstable, volatile and historically opaque
metal that has led to a considerable amount of strife in underprivileged and underdeveloped areas in
Africa.

The way that production lags in relation to current demand is enough to cause a fair amount of price
speculation and general increases in cobalt prices. This presents a very complicated issue to face so early
into our transport electrification and decarbonization efforts, which is to say: how will the expectations
set by legislation and general global consensus ever be met without alternatives and recycling being just
as well developed as the technologies these resources feed into if we are starting from a deficit point?
The Paris Declaration on Electro-Mobility and Climate Change sets the number of EVs expected to be in
circulation to an impressive 100 million by 2030, and as we move towards the electrification of private
transportation, most of the end-of-life vehicles will slowly become EVs, which poses a unique challenge
and opportunity for future recycling companies and extraction and recycling technologies to help
attenuate supply demand tensions.
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Technology Metals Market (TM2) Participation in a JPMCC Educational Webinar

The JPMCC gratefully acknowledges that on November 18, 2021, the CEO & Co-Founder of Technology Metals Market, Petur
Georgesson, participated in a joint webinar held by CU Denver Business School’s J.P. Morgan Center for Commodities and the

CU Denver Center for International Business, on “Emerging Technology in Global Commodities.” The webinar can be viewed
at this link.
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