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S&P Global Mobility Special Report: A
reckoning for EV battery raw materials
Geopolitical upheaval and supply chain transformation challenge aspirational volume targets

By Graham Evans, Director, Auto Supply Chain & Technology, S&P Global Mobility

SOUTHFIELD, Mich., Oct. 31, 2022 /PRNewswire/ -- Geopolitical turbulence and the fragile and volatile nature of the critical raw-
material supply chain could curtail planned expansion in battery production—slowing mainstream electric-vehicle (EV) adoption
and the transition to an electrified future.

Soaring prices of critical battery metals, as observed in the following chart from S&P Global
Commodity Insights, are threatening supplier and OEM profit margins. This situation has quickly
translated into increased component and vehicle prices, according to new analysis from S&P
Global Mobility Auto Supply Chain & Technology Group.

Trade friction and ESG concerns are also affecting the development of the raw materials supply
chain between markets. These collective developments add to the challenges of the electric vehicle transition.

Achieving its volume goals will require a steep growth curve for a burgeoning industry. For OEMs to hit their BEV and hybrid
sales aspirations, S&P Global Mobility forecasts market demand of about 3.4 Terawatt hours (TWh) of lithium-ion batteries,
annually, by 2030. This figure excludes the medium- and heavy-duty, and micro-mobility spaces, as well as consumer
electronics and burgeoning demand for stationary energy storage. The 2021 output for the auto industry: 0.29 TWh.

Elements such as lithium, nickel, and cobalt do not just magically appear and transform into EV batteries and other components.
The development chain is lengthy and complex, from their difficulty to extract to their complicated refining. The intermediate
steps between excavation and final assembly are a particular choke point in terms of expertise and market presence. Currently,
China is the clear leader in materials refining, as well as the packaging and assembly of battery cells. At issue is which other
nations will step up to facilitate this industry transformation.

In terms of accessing battery raw materials, the equation boils down to: Who needs what, where will it come from, who will
supply it, and who is best placed to benefit from this increased dependency on a handful of critical elements?

The latest S&P Global Mobility research evaluates the battery raw material supply chain from extraction to vehicle, identifying:

A number of unfamiliar companies will play a major role in the processing and development of battery-electric vehicle
(BEV) technology that will underpin the light passenger vehicles of the coming decade and beyond;
Potential trade friction could represent difficulties for major auto companies in extricating themselves from an established,
nimble, and cost-effective supply of processed materials coming from or via mainland China;
Some OEMs are seeking the value and reassurance of "locked in" supply chain relationships straddling mine to vehicle,
lessening the reliance on volatile spot markets and/or a need to work with less established industry partners.

The process flow below identifies a well-understood and well-documented supply chain to provide the required nickel and
lithium for Tesla's NCA-based cylindrical cells produced in its "Gigafactory" near Sparks, Nevada, US.

Geopolitical turbulence,
critical battery raw-material
supply chain could curtail
expansion in battery
production.
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Now extrapolate that across the entire auto industry—and expand EV market share to encompass the bullish projections made
for 2030 and beyond.

The greatest quantity of nickel required by any given vehicle brand for 2030 production is forecast to be Tesla—deemed to be
some 139,000 metric tons (mT). However, in assessing the existing structure of their broader manufacturing bases, we expect
each of Volkswagen, General Motors, and Stellantis to surpass this requisition amount. Developing modular battery packs that
can be configured to fit multiple vehicle segments and can accommodate a variety of battery chemistry choices will ensure a
degree of resiliency against raw material supply constraints and price fluctuations.

"We have identified a total of 28 extraction sources of battery-grade nickel over the coming 12 years to serve the light
passenger-vehicle market, located in 15 countries worldwide," said Dr Richard Kim, Associate Director with S&P Global
Mobility's Supply Chain & technology team. "However, the supply base for the upstream material processing steps and
formation of the fundamental battery cell cathode chemistries presents a challenging lack of geographic diversity."

S&P Global Mobility research suggests that, while the process of either smelting or high-pressure acid leaching (HPAL) is
typically done at the nickel extraction site, that is not the case for the process of conversion to nickel sulphate.

Of the 16 companies that can perform this process at present, 11 are in mainland China. By 2030 we expect the number of
companies to increase to at least 24, of which 14 will likely be in mainland China. We forecast mainland China to process
824,000 mT of nickel sulphate annually by 2030, with Chinese mining giant GEM's supply of nickel sulphate to key Tesla
supplier CATL expected to be the largest supply contract by tonnage. By contrast, we forecast North America and Europe to
process just 146,000 mT. 

We must also consider risk in calculating access to cobalt—a material well understood for its limited sources of origin and
concerns regarding ethical supply. Battery-grade cobalt bound for electrified light passenger vehicles currently originate from
just 18 mines, totalling 52,000 mT – of which 29,000 mT is forecast to be mined in the Democratic Republic of Congo (DRC) in
2022. The United Nations has cited the DRC's "deteriorating security situation," its humanitarian crisis affecting 27 million
people, as well as child-labor practices and the ongoing guerrilla campaign being waged over the exploitation of resources and
food security.

Despite the conflicts ravaging the DRC, we still estimate that nation's output bound for OEMs and suppliers to increase to
37,000 mT by 2030. However, reliance on the DRC will decrease from 56% to 17% in terms of total tonnage. We expect near
tenfold increases in supply from countries such as Australia and Indonesia, while countries such as Vietnam, Finland, and
Morocco will by then weigh in with meaningful contributions. Given the dynamics of the supply market, even for an OEM with
locked-in cobalt contracts with miners, a portion of several automakers' supply remains unknown at this stage.

"Geopolitics has coupled with a desire for supply chain dominance and independence in the battery raw material supply chain
evolution to date," said Dr Kim. "China has established a firm head start. The evolution of their Belt and Road initiative clearly
had one eye on the automotive industry transition to electrification, with broad strategic and logistical investments in Africa as
well as Southeast Asia."

S&P Global Mobility research clearly indicates that established battery raw material supply and processing operations under
mainland Chinese ownership will continue to deliver much of the world's supply of lithium-ion batteries and their constituent key
elements.

However, the imposition of nationalistic policies such as the United States' Inflation Reduction Act (and the automotive
implications of it) look to belatedly redress some of this imbalance by promoting the setup of domestic supply chains, in return
for lucrative subsidies to both the suppliers and the purchasing consumers.

The battery will be the defining technological and supply chain battleground for the industry in the next decade, and access to
their constituent raw materials will be crucial. S&P Global Mobility will continue to assess the changing landscape of the battery
raw materials market in real time, incorporating the latest industry developments and research.

Please contact automotive@spglobal.com to find out more information around our insights to help you make data-driven decisions
with conviction.

Editor's Note: This report is from S&P Global Mobility, and not S&P Global Ratings, which is a separately managed division of
S&P Global. 

About S&P Global Mobility (www.spglobal.com/mobility)

At S&P Global Mobility, we provide invaluable insights derived from unmatched automotive data, enabling our customers to
anticipate change and make decisions with conviction. Our expertise helps them to optimize their businesses, reach the right
consumers, and shape the future of mobility. We open the door to automotive innovation, revealing the buying patterns of today
and helping customers plan for the emerging technologies of tomorrow.
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S&P Global Mobility is a division of S&P Global (NYSE: SPGI). S&P Global is the world's foremost provider of credit ratings,
benchmarks, analytics and workflow solutions in the global capital, commodity and automotive markets. With every one of our
offerings, we help many of the world's leading organizations navigate the economic landscape so they can plan for tomorrow,
today. For more information, visit www.spglobal.com/mobility.
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Disclaimer

IHS Markit is part of S&P Global Inc. ("SPGI").

The IHS Markit reports, data, and information referenced herein (the "IHS Markit Materials") are the copyrighted property of IHS
Markit and represent data, research, opinions or viewpoints published by IHS Markit, and are not representations of fact. IHS
Markit conducted this analysis and prepared the IHS Markit Materials utilizing reasonable skill and care in applying methods of
analysis consistent with normal industry practice. Forecasts are inherently uncertain because of events or combinations of
events that cannot reasonably be foreseen including the actions of government, individuals, third parties and competitors. The
IHS Markit Materials speak as of the original publication date hereof (and not as of the date of this document). The information
and opinions expressed in the IHS Markit Materials are subject to change without notice and IHS Markit has no duty or
responsibility to update the IHS Markit Materials. Moreover, while the IHS Markit Materials reproduced herein are from sources
considered reliable, the accuracy and completeness thereof are not warranted, nor are the opinions and analyses which are
based upon it. To the extent permitted by law, IHS Markit shall not be liable for any errors or omissions or any loss, damage or
expense incurred by reliance on the IHS Markit Materials or any statement contained therein, or resulting from any omission.
NO IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE SHALL APPLY. The IHS
Markit Materials should not be construed as financial, investment, legal, tax or other advice of any kind including, without
limitation, regarding IHS Markit's customer's corporate or legal structure, assets, liabilities or activities, nor should they be
regarded as an offer, recommendation, or as a solicitation of an offer to buy, sell or otherwise deal in any investment or
securities or make any other investments decisions. The IHS Markit Materials should not be relied on in making any investment
or other decision. Nothing in the IHS Markit Materials constitutes a solicitation by IHS Markit or its Affiliates of the purchase or
sale of any loans, securities or investments. The IHS Markit Materials are supplied without obligation and on the understanding
that any person who acts upon the IHS Markit Materials or otherwise changes his/her position in reliance thereon does so
entirely at his/her own risk. IHS Markit Materials were prepared for the sole benefit of IHS Markit's customer for IHS Markit's
customer's internal business use. No portion of the IHS Markit Materials may be reproduced, reused, or otherwise distributed in
any form without the prior written consent of IHS Markit. IHS Markit Materials reproduced or redistributed with IHS Markit's
permission must display IHS Markit's legal notices and attributions of authorship. The IHS Markit name(s) and logo(s) are
property of IHS Markit. Other trademarks appearing   in the IHS Markit Materials are the property of IHS Markit, SPGI, or their
respective owners. SPGI has the following divisions: S&P Dow Jones Indices, S&P Global Commodity Insights, S&P Global
Engineering Solutions, S&P Global Market Intelligence, S&P Global Mobility, and S&P Global Ratings, each of which provides
different products and services. SPGI keeps the activities of its business divisions separate from each other in order to preserve
the independence and objectivity of their activities in accordance with the S&P Global Divisional Independence and Objectivity
Policy. Your receipt of the IHS Markit Materials may also affect your ability to receive services and products from other SPGI
divisions in the future.

SPGI divisions publish commodity information, including price assessments, ratings, and indices. SPGI divisions (including IHS
Markit) maintain clear structural and operational separation between its respective activities to safeguard the quality,
independence and integrity of its price assessments and indices and ensure they are free from any actual or perceived conflicts
of interest.
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