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COMMODITIES STRATEGY

Part of copper's strong price performance year-to-date has been driven more by future
expectations that emerging green demand will open a large supply gap that requires
significantly higher copper prices today to incentivize copper investment tomorrow.
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Global copper demand from ‘green’ technologies

Thousand mt

Global 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Blectric Vehicles and Chargers 468 654 880 1,149 1,512 1,902 2,196 2,493 2,758 3,003 3,251
Solar 450 473 514 514 455 417 387 450 449 447 448
Wind 594 687 346 537 445 484 507 566 552 627 748
Grid Enhancement 44 76 104 170 238 380 528 679 831 984
Total 'Green' Copper Demand 1,512 1,858 1,817 2,304 2,582 3,041 3,470 4,037 4,439 4,908 5,432

Source: LMC Automotive, NEA, Tsinghua University's Institute of Energy, Environment and Economy (3Es), Carbon-neutral Pathways for the United States, EIA, BloomberNEF,
CRU, BGRIMM, Wood Mackenzie, J.P. Morgan

2 JPMorgan



COMMODITIES STRATEGY

Even with strong growth from green demand, globally we do not expect that the copper

intensity of economic growth will be materially boosted in the next decade compared to

recent history as traditional, non-green demand growth in China slows.

Copper demand growth, global ‘green’ demand vs

Chinese traditional or ‘non-green’ demand
YoY change, thousand mt
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Source: CRU, BGRIMM, Wood Mackenzie, LMC Automotive, NEA, Tsinghua
University's Institute of Energy, Environment and Economy (3Es), Carbon-neutral
Pathways for the United States, EIA, BNEF, J.P. Morgan
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Source: Wood Mackenzie, CRU, BGRIMM, World Bank, OECD, UN, LMC Automotive,
NEA, Tsinghua University's Institute of Energy, Environment and Economy (3Es),
Carbon-neutral Pathways for the United States, EIA, BNEF, J.P. Morgan
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Energy transition could also actually take much longer than we expect and prove to be

less copper intensive.

Renewable share of US primary energy consumption and
previous forecasts
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Source: "Future Shock", 11th Annual Eye on the Market energy paper, JP Morgan
Asset Management, 2021. Renewables include wind, solar, hydropower, geothermal,
biomass, wood and waste.
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The China-led copper supercycle was only launched after its demand share reached 20%.
We forecast that green demand will not likely reach this critical mass until the early 2030s.

Copper demand share

Percent of global consumption
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Source: USGS, WBMS, Wood Mackenzie, CRU, The Copper Handbook, World non-ferrous metal production and prices 1700-1976 (Schmitz), Mineral statistics of the United Kingdom of
Great Britain and Ireland, The Statistics of the Copper Mines of Cornwall, Statistics of British Commerce, Abstract of British historical statistics, J.P. Morgan Commaodities Research. Four
copper supercycle concept attributable to J.P. Morgan Private Bank. Grey dashed line demarks forecast. Given the scarcity of reliable demand statistics pre-1900, we compare apparent

demand (production + imports — exports) against global production as an approximation of demand share.

5 JPMorgan



COMMODITIES STRATEGY

Turning to supply, the near-term pipeline remains robust. During the last price upcycle in
2016-2018, $25bn worth of copper projects were approved with annual production
capacity of 1.8 mmt. Not only did the projects deliver over the expedited five-year period,
but they were approved with copper prices averaging only $6,250/mt.

Announcements of project approvals and copper price at the time of announcement
US$/mt
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Going forward, guidance from publicly-traded miners that disclose their capital intentions
by segment calls for a largely flat copper capex profile over 2021-22. However, adding
capex objectives from private operators shows a continuation of the upward trend that
started in 2016, during the last wave of capital investment.

Historical copper capex spent and future spending
intentions by public and private companies

Historical total capital spent and future capex spending
intentions by 69 publicly-traded metals & mining
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Clear visibility on copper supply growth extends only about three to four years out. As
such, base-case production capability is always forecasted to decline due to closures and
grade attrition. However, the actual trajectory of supply has been very different.

Actual copper mine production and Wood Mackenzie forecasts for future copper mine production made in 2000, 2005,

2010, 2015 and 2021, forecasts include base case mines and probable projects
Thousand mt
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Comparing our estimates for demand (29.6 mmt by 2030) with our base case and
probable supply projections, we believe an additional 6.9 mmt of new mine production will
be needed to satisfy the projected 2030 supply gap in copper. This is actually quite similar
to recent history.

Estimated long-term copper supply and demand
Thousand mt

J.P. Morgan estimates of long-term copper supply gap
made in 2013 (for 2023), in 2017 (for 2027) and 2021 (for

2030)
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Morgan Commodities Research Morgan Commodities Research
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Through 1Q21 reporting, public mining companies have disclosed over 4.6 mmt worth of

growth projects that are currently either in our 'possible’ projects inventory (i.e. not accounted

for in our supply-demand balances) or are completely missing from our database.

Copper growth projects announced during 1Q21 earnings reports, 2020 annual reports, 2020

investor days and public presentations

Thousand mt

Size of

Project

Company Country Project Announcement made production Start-up description Notes
FCX us Bagdad Exp 1Q21 earnings 91 n/a not in database  under review
us Lone Star Sulphide 1Q21 earnings 100 2025 possible development of potentially massive sulphide resource (50+ bn Ib Cu)
Chile B Abra Mill 1Q21 earnings 318 2029 probable
Indonesia Kucing Liar 1Q21 earnings 250 n/a not in database  reserves: 6bn Ibs Cu, leverage existing infrastructure
Southern Copper Peru Michiquillay 1Q21 earnings 250 2025 possible
Peru Los Chancas 1Q21 earnings 77 2026 possible
Mexico B Pilar 1Q21 earnings 36 2023 possible
Mexico HArco 1Q21 earnings 35 2023 possible applying for environmental permit
Vale Brazil Salobo 3 2020 Investor Day, 1Q21 30-40 2022 base case committed
Brazil Salobo 4 2020 Investor Day, 1Q21 30 2027+ not in database
Brazil Cristalino 2020 Investor Day, 1Q21 80 2024-25 probable expected approval in 2021
Brazil Alemao 2020 Investor Day, 1Q21 60 2024-25 possible expected approval in 2021
Brazil Carajas/northern hub 2020 Investor Day, 1Q21 70-100 2030+ not in database
Brazil Southern hub 2020 Investor Day, 1Q21 40-60 2027+ not in database
Canada Victor 2021 Investor Day, 1Q21 30 2025 possible
Indonesia Hu'u 2020 Investor Day, 1Q21 250 n/a not in database potential approval in 2025
Antofagasta Chile Pelambres Exp 1Q21 earnings 60 n/a not in database  within the limits of current permits
Chile Zaldivar Chloride Leach 1Q21 earnings 180 1H2022 possible
Chile Esperanza Sur 1Q21 earnings n/a 1H21 not in database
Kaz Minerals Russia Baimskaya 4Q20 earnings 320 2027 possible spent $175 in 1H21 to compete bankable FS
Zijin DRC Kamoa-Kakula Phase 2 May 2021 announcement 350 3Q22 possible combined capacity in Phase 1 and 2 is 400 kmt
DRC Kansoko May 2021 announcement 350 n/a not in database peak production combined at 800 kmt
Teck Canada Highliand Valley Ext Il 1Q21 earnings 920 2027 possible
Chile QB2 Exp 1Q21 earnings 250 2028 possible
AngloAmerican Collahuasi Exp Phase 1 2020 results, 26-Apr-21 150 2024 probable
Glencore Chile Lomas Ext 2020 Investor Day 100 2025 possible
Argentina B Pachon 2020 Investor Day 256 2027 not in database
DRC Mutanda Cu restart 2020 Investor Day 100 2022 probable
Coro-ccohuayco not in database
Rio Tinto USA Resolution Copper 2020 Annual Report 550 2028 possible 4Q21 various permitting & technical milestones
Australia Winu 2020 Annual Report 2024 not in database  decision to proceed in 4Q21
Kazakhstan  Pribrezhniy 2020 Annual Report not in database  early stage pipeline
us Tamarack 2020 Annual Report not in database  early stage pipeline
Australia Calibre Magnum 2020 Annual Report not in database _early stage pipeline
Norilsk Nickel Russia Komsomolsky 2020 Investor Day 45 2025 not in database
Russia Oktyabrsky 2020 Investor Day 45 2026 not in database
Russia Taimyrsky 2020 Investor Day 45 2026 not in database
Codelco Chile Salvador Inca OP Investor presentation, Feb 2020 50 2022 not in database
Chile RT Sulfides Il Investor presentation, Feb 2020 300 2024 possible
Chile Andina Exp Investor presentation, Feb 2020 150 2030 possible
Total 4,590
Source: Company reports, Wood Mackenzie
10

JPMorgan



COMMODITIES STRATEGY

Nonetheless, this still leaves more than 2 mmt of yet unidentified projects that need to be
incentivized. Even after adding risk-adjustments to projects from Chile and Peru to account
for a potentially higher tax regime, we still estimate the long-term incentive price for copper
sits below $7,000/mt based on an IRR of 15%.

Incentive copper price curve
X axis: Cumulative copper production (Thousand mt); Y-axis: required copper

price (real 2020 US$/t). Excludes projects already accounted for in Table 4. Risk adjusted for sovereign and project status.
Additional risk adjustment added to projects from Chile and Peru.
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plc is registered in England & Wales No. 2711006, Registered Office 25 Bank Street, London, E14 5JP. This material is directed in the UK only to: (a) persons having professional
experience in matters relating to investments falling within article 19(5) of the Financial Services and Markets Act 2000 (Financial Promotion) (Order) 2005 (“the FPO”); (b)
persons outlined in article 49 of the FPO (high net worth companies, unincorporated associations or partnerships, the trustees of high value trusts, etc.); or (c) any persons to whom
this communication may otherwise lawfully be made; all such persons being referred to as "UK relevant persons". This material must not be acted on or relied on by persons who
are not UK relevant persons. Any investment or investment activity to which this material relates is only available to UK relevant persons and will be engaged in only with UK
relevant persons. Research issued by JPMS plc has been prepared in accordance with JPMS plc's policy for prevention and avoidance of conflicts of interest related to the
production of Research which can be found at the following link: . U.S.: J.P. Morgan Securities LLC (“JPMS”) is a member of
the NYSE, FINRA, SIPC, and the NFA. JPMorgan Chase Bank, N.A. is a member of the FDIC. Material published by non-U.S. affiliates is distributed in the U.S. by JPMS who
accepts responsibility for its content.

General: Additional information is available upon request. The information in this material has been obtained from sources believed to be reliable. While all reasonable care has
been taken to ensure that the facts stated in this material are accurate and that the forecasts, opinions and expectations contained herein are fair and reasonable, JPMorgan Chase &
Co. or its affiliates and/or subsidiaries (collectively J.P. Morgan) make no representations or warranties whatsoever to the completeness or accuracy of the material provided,
except with respect to any disclosures relative to J.P. Morgan and the Research Analyst's involvement with the issuer that is the subject of the material. Accordingly, no reliance
should be placed on the accuracy, fairness or completeness of the information contained in this material. Any data discrepancies in this material could be the result of different
calculations and/or adjustments. J.P. Morgan accepts no liability whatsoever for any loss arising from any use of this material or its contents, and neither J.P. Morgan nor any of its
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respective directors, officers or employees, shall be in any way responsible for the contents hereof, apart from the liabilities and responsibilities that may be imposed on them by
the relevant regulatory authority in the jurisdiction in question, or the regulatory regime thereunder. Opinions, forecasts or projections contained in this material represent J.P.
Morgan's current opinions or judgment as of the date of the material only and are therefore subject to change without notice. Periodic updates may be provided on
companies/industries based on company-specific developments or announcements, market conditions or any other publicly available information. There can be no assurance that
future results or events will be consistent with any such opinions, forecasts or projections, which represent only one possible outcome. Furthermore, such opinions, forecasts or
projections are subject to certain risks, uncertainties and assumptions that have not been verified, and future actual results or events could differ materially. The value of, or income
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discussed, unless otherwise stated. Past performance is not indicative of future results. Accordingly, investors may receive back less than originally invested. This material is not
intended as an offer or solicitation for the purchase or sale of any financial instrument. The opinions and recommendations herein do not take into account individual client
circumstances, objectives, or needs and are not intended as recommendations of particular securities, financial instruments or strategies to particular clients. The recipients of this
material must make their own independent decisions regarding any securities or financial instruments mentioned herein and should seek advice from such independent financial,
legal, tax or other adviser as they deem necessary. J.P. Morgan may trade as a principal on the basis of the Research Analysts’ views and research, and it may also engage in
transactions for its own account or for its clients” accounts in a manner inconsistent with the views taken in this material, and J.P. Morgan is under no obligation to ensure that such
other communication is brought to the attention of any recipient of this material. Others within J.P. Morgan, including Strategists, Sales staff and other Research Analysts, may take
views that are inconsistent with those taken in this material. Employees of J.P. Morgan not involved in the preparation of this material may have investments in the securities (or
derivatives of such securities) mentioned in this material and may trade them in ways different from those discussed in this material. This material is not an advertisement for or
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	Slide Number 1
	Part of copper's strong price performance year-to-date has been driven more by future expectations that emerging green demand will open a large supply gap that requires significantly higher copper prices today to incentivize copper investment tomorrow.
	Even with strong growth from green demand, globally we do not expect that the copper intensity of economic growth will be materially boosted in the next decade compared to recent history as traditional, non-green demand growth in China slows.
	Energy transition could also actually take much longer than we expect and prove to be less copper intensive.
	The China-led copper supercycle was only launched after its demand share reached 20%.  We forecast that green demand will not likely reach this critical mass until the early 2030s.
	Turning to supply, the near-term pipeline remains robust. During the last price upcycle in 2016-2018, $25bn worth of copper projects were approved with annual production capacity of 1.8 mmt. Not only did the projects deliver over the expedited five-year period, but they were approved with copper prices averaging only $6,250/mt.
	Going forward, guidance from publicly-traded miners that disclose their capital intentions by segment calls for a largely flat copper capex profile over 2021-22. However, adding capex objectives from private operators shows a continuation of the upward trend that started in 2016, during the last wave of capital investment.
	Clear visibility on copper supply growth extends only about three to four years out. As such, base-case production capability is always forecasted to decline due to closures and grade attrition. However, the actual trajectory of supply has been very different.
	Comparing our estimates for demand (29.6 mmt by 2030) with our base case and probable supply projections, we believe an additional 6.9 mmt of new mine production will be needed to satisfy the projected 2030 supply gap in copper. This is actually quite similar to recent history.
	Through 1Q21 reporting, public mining companies have disclosed over 4.6 mmt worth of growth projects that are currently either in our 'possible' projects inventory (i.e. not accounted for in our supply-demand balances) or are completely missing from our database.
	Nonetheless, this still leaves more than 2 mmt of yet unidentified projects that need to be incentivized. Even after adding risk-adjustments to projects from Chile and Peru to account for a potentially higher tax regime, we still estimate the long-term incentive price for copper sits below $7,000/mt based on an IRR of 15%.
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