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Access the opportunities.

Role of metal recycling in decarbonization

= The electrification needed if the world is to
transition to net zero emissions will depend on
far greater use of critical minerals and metals
than is currently the case.

= With mines unlikely to be able to meet demand for
metals such as copper, cobalt, lithium and nickel,
metals recycling has the potential to scale up to fill
the gap.

= The metals recycling industry is expected to grow
significantly over the next years, providing possible
opportunities for investors.

Explaining the circular

Introduction

Electrification and renewable energy are increasing
demand for the minerals and metals that are essential for
electrical components and renewable technologies. As
they do so, mines are unlikely to supply enough critical
metals such as copper, cobalt, lithium and nickel, leading
to a risk of shortages in critical metals.

This looming shortage is focusing minds on the circular
economy, or specifically, the potential for recycling of
metals to bridge the gap between primary supply and
demand. To illustrate this, a successful scale-up of
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Chart 1: Critical minerals for various clean energy technologies
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recycling could lower the need for new mining activity by
25-40% by 2050, according to an estimate from the Inter-
national Energy Agency (IEA). More specifically, it could
reduce new mine development needs by as much as 40%
for copper and cobalt, and close to 25% for lithium and
nickel. According to IEA's Announced Pledges Scenario, the
market value of recycled energy transition minerals could
grow fivefold, reaching USD 200 billion by 2050.

While it's widely appreciated that mining companies will
need to expand existing mines and open new ones to help
electrify the global economy, the need for greater recy-
cling capacity is less well understood. However, this
appears likely and could offer an opportunity for the
sector to grow profitably.

Material demands of energy transition

Itis barely a secret nowadays that electrification of the
global economy would require an enormous amount of
minerals. According to the IEA, if the world pursues a
path to net zero emissions by 2050, demand for minerals
could increase ninefold. Even in a scenario that only
reflects governments’ currently stated decarbonization
pledges, demand is forecasted to double already by
2030.

Where, specifically, will demand come from? The table
below shows that clean energy technologies - from wind
turbines and solar panels, to electric vehicles (EVs) and
battery storage - require a wide range of minerals and
metals. The type and volume of mineral needs varies
widely across technologies.

—

Broadly speaking, the technologies needed for electrification
are mineral hungry. For instance, EVs consume about six
times more minerals than combustion engine cars (ICEs):

Chart 2: Minerals used
kg/vehicle
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Source: IEA (2021), The Role of Critical Minerals in Clean Energy Transi-
tions, IEA, Paris

Likely medium-term supply shortages
Against the rising demand backdrop, supply side of the
equation remains uncertain.

The prices of critical metals have been volatile in the past
few years as demand for them has risen but so too has
supply. They tripled in the two years from January 2020,
only to relinquish most of that gain in 2023, according to
the IEA Energy Transition Mineral Price Index. Demand
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Chart 3: Committed production and projected demand
for Copper
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Sources: IEA (2024), Critical Minerals Data Explorer, IEA, Paris https://
www.iea.org/data-and-statistics/data-tools/critical-minerals-data-explorer

was robust but there was an increase in supply, which
caused 2023's price weakness. Ironically, though, the
price reduction only compounds the danger of a longer
term shortage of supply. That's because it's likely to deter
mining companies from investing to expand mining
capacity. Looking forward, the likely picture is one of a
shortfall in supply for some metals and excessive concen-
tration risks for others. Take copper and lithium.

IEA estimates that already by 2035 the supply from
announced mining projects would meet only 57%

(Chart 3) and 69% of requirements respectively.’

Chart 5: Share of China in Rare Earths sector, %
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Chart 4: Copper Discoveries,
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At the same time, balances for nickel and cobalt are in much
better shape when accounting for prospective projects.

Turning to graphite and rare earth elements, problems
are already emerging as trade tensions escalate between
the United States and China, which controls supply.
There is no overall shortage globally, but over 90% of
battery-grade graphite and 77% of refined rare earths
(Chart 5) originate from China. Given these imbalances,
recycled metals have an opportunity to play a crucial role
in the energy transition.

Chart 6: End-of-life recycling rates for select metals
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Recycling's potential

Circularity can play a pivotal role in closing the supply
gap. Metals are particularly well suited to recycling. They
do not lose their intrinsic properties during the process,
meaning that they can be used and re-used many times
without loss of quality or functionality. Further, there is
ample scrap metal to be recycled.

As electrification increases demand for critical metals,
recycling could become essential as an additional source
of supply that reduces reliance on new mines. IEA esti-
mates that metals recycling could reduce new mine devel-
opment needs by as much as 40% for copper and cobalt,
and close to 25% for lithium and nickel. What's more, it's
relatively environmentally sustainable and improves
security of supply for countries importing minerals.

There are also major benefits for the environment, as
mining and smelting are highly energy intensive. The
European Commission estimates that aluminum recycling
requires 95% less energy and emits 92% less CO, than
production from ore, with 85% and 65% savings for cop-
per, and 72% and 58% for steel, respectively. Recycling
also uses significantly less water and emits less sulphur
oxides and other air pollutants.

Many of the processes for recycling some of the critical
minerals are already well-established. Consider metals

recycling in Europe - a region that has modest natural
deposits of minerals such as copper. Within the European

Chart 7: Mining capital requirements in 2040, $bn
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on the Announced Pledges Scenario (APS), covering the announced
ambitions and targets for emissions reductions by governments.

2 EURIC Metal recycling factsheet. 2020.

3 Circular steel: Powering a low-carbon, competitive and circular European steel industry. November 2024.

Union, almost half (44%) of copper supply came from
recycling at the time of a recent study.2 What's more, the
EU is a net exporter of recycled copper.

Turning to steel, making the metal from recycled scrap in
electric arc furnaces is one of the few ways to produce it
without emitting CO,. Again, showing the potential for
recycling, Turkey produces 72% of its steel this way and
the United States produces 70%, according to the Euro-
pean Recycling Industries Confederation (EuRIC).2 The EU
makes about 45% of its steel this way.

On the other hand, lithium recycling is still at an early stage
and faces significant hurdles. The main reason why lithium
recycling is relatively uncommon is due to the complex
battery format of lithium-ion batteries and evolving nature
of battery technologies. Currently, most of the batteries
are not designed with disassembly and recovery in mind
and are disposed of in landfills, resulting in frequent leaks,
underground fires and pollutant emissions. Nevertheless,
it is anticipated that battery recycling will grow in impor-
tance as the first generation of EVs reaches the end of their
lives. Battery recycling could meet 20-30% of lithium, nickel
and cobalt demand by 2050, according to IEA estimates,
depending on the collection rates. Similar issues plague
rare earths recycling - they are normally used in smaller
amounts and large costs associated with separating them
pose a major barrier to wider recycling adoption.

Recognizing the importance of recycling metals, countries
are acting to incentivize metals recycling. Indeed, from

Chart 8: Scrap discount to Comex copper price
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2022 to 2024 over 30 policy developments related to
metals recycling have been introduced by governments,
covering strategic plans, financial incentives and cross-
border regulations.

However, despite the recent string of success, challenges still
remain. Improper handling and exposure to other metals,
like lead, or to non-metallic materials (oil, water or plastics),
can reduce product quality, increase operational costs and
even compromise employee safety and severely damage the
local environment. This is reflected in the commercial scrap
prices, where higher grades can trade close to the primary
market, while lower scrap grades command a larger negative
premium, reflecting related operating costs.

Increasing electronic waste complexity poses another
challenge due to the complex mix of materials, some of
them hazardous. Current technologies designed to
address those issues have drawbacks, leaving a lot of
room for innovation. On the other hand, sorting is one

Chart 9: Venture capital investment in battery
recycling and reuse
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the fields where successful progress has been made due
to the development of x-ray fluorescence (XRF) and
spectroscopic technologies.

Growing investment in metals recycling

Just as awareness of the potential for recycling to solve
electrification’s possible shortage of critical metals has
grown, so some early-stage institutional investors are
beginning to ramp up their investments. For instance,
venture capital investment in the battery recycling has
been steadily rising since 2020 (Chart 9).

For investors in stock markets, several publicly listed
metals recycling companies are available. These include
steel giant Commercial Metals, industrial metals specia-
list Sims, and the Belgian all-rounder Umicore, which
offers recycling services for, among others, less com-
monly recycled minerals such as lithium, germanium,
and rare earths. Other options include industrial waste
recyclers like Befesa, which collects and processes steel
dust and aluminum salt slags, reintroducing them into
the metals supply chain. Investors in search of a more
diversified approach could be interested in Circular
Economy ETFs with holdings in metals recyclers.

Metals recycling is becoming a key in closing the supply
gap for critical metals required for electrification of the
global economy and eventual progression to net zero
emissions. For businesses and investors in the sector,
this could provide a tailwind.

Product Manager, VanEck
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Important Information

This is marketing communication.

This information originates from VanEck (Europe) GmbH, Kreuznacher Str. 30, 60486 Frankfurt, Germany, and has been appointed
as distributor of VanEck products in Europe by the UCITS Management Company, VanEck Asset Management B.V. The Management
Company is incorporated under Dutch law and registered with the Dutch Authority for the Financial Markets (AFM).

For investors in Switzerland: VanEck Switzerland AG, with registered office in Genferstrasse 21, 8002 Zurich, Switzerland, has been
appointed as distributor of VanEck"s products in Switzerland by the Management Company. A copy of the latest prospectus, the
Articles, the Key Information Document, the annual report and semi-annual report can be found on our website www.vaneck.com or
can be obtained free of charge from the representative in Switzerland: Zeidler Regulatory Services (Switzerland) AG, Neudtadtgasse 1a,
8400 Winterthur, Switzerland. Swiss paying agent: Helvetische Bank AG, Seefeldstrasse 215, CH-8008 Zurich.

For investors in the UK: This is a marketing communication for professional investors only. Retail clients should not rely on any of the
information provided and should seek assistance from an IFA for all investment guidance and advice. VanEck Securities UK Limited
(FRN: 1002854) is an Appointed Representative of Sturgeon Ventures LLP (FRN: 452811), which is authorised and regulated by the
Financial Conduct Authority (FCA) in the UK, to distribute VanEck s products to FCA regulated firms such as Independent Financial
Advisors (IFAs) and Wealth Managers.

This material is only intended for general and preliminary information and shall not be construed as investment, legal or tax advice.
VanEck (Europe) GmbH and its associated and affiliated companies (together “VanEck") assume no liability with regards to any
investment, divestment or retention decision on the basis of this information. The views and opinions expressed are those of the
author(s) but not necessarily those of VanEck. Opinions are current as of the publication date and are subject to change with market
conditions. Information provided by third party sources is believed to be reliable and have not been independently verified for
accuracy or completeness and cannot be guaranteed.

Investing is subject to risk, including the possible loss of principal. For any unfamiliar technical terms, please refer to ETF Glossary |
VanEck.

No part of this material may be reproduced in any form, or referred to in any other publication, without express written permission of
VanEck.

© VanEck (Europe) GmbH ©VanEck Switzerland AG © VanEck Securities UK Limited
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