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Copper Mining Stocks Investment Thesis And Strategy For The Next Decade

Copper is called the metal of the future. Investing wise, the key is to understand how supply
and demand will shape prices, which will consequently drive copper miners’ profits, stock
valuations and our potential investing returns.

There are two key factors impacting copper:

- The possible faster growth in demand than expected,
- And the slowdown in supply as current copper prices don’t incentivize new
investments. And vice versa of course!
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Potential future copper deficit — Source: S&P Global by Northern Dynasty
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Estimating future demand growth for copper

Demand and supply are key. More demand for copper than expected, will have an extreme
impact on copper prices and vice versa. Demand for copper isn’t that sensitive to copper
prices because if copper is at $3 or $4 per pound, the difference when making an electric
vehicle is perhaps $100, but it all makes a huge difference for the profits of copper producers.

Copper and renewables, electric vehicles

The talk of the day is renewable energy, electric vehicles, less CO2 emissions and an all in on
technology. On top of that, the global middle-class population is still booming and there will
still be a lot of construction going on over the coming 20 years. Thus, copper demand should
continue to grow.

Energy transitions are not something new; human kind went from burning wood, coal, oil to
more and more sophisticated energy sources thanks to technological improvements. As
renewables become cheaper and cheaper, alongside being more environmentally friendly, a
new energy transition is brewing.

Enerqgy Transitions

America’s energy mix is rapidly diversifying.
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Copper as key factor for new energy transition — Visual Capitalist

It is expected that renewable energy could make 35% of the electricity generation by 2040.


https://www.visualcapitalist.com/visualizing-coppers-role-in-the-transition-to-clean-energy/
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Power generation forecast Global electricity generation (% of total in 2040)
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Electricity generation sources by 2040 — Visual Capitalist

The metal that connects all the above-mentioned trends is copper.

With each energy transition comes a new need for materials.

Wind, solar, and the associated battery
technologies are mineral intensive, using
many niche and base metals.
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Copper is required in every segment of the energy transition — Visual Capitalist

For example, a wind turbine requires 4.7 tons of copper for cables and wiring, the turbine,
transformers etc. The offshore wind turbines require 3 times as much copper.


https://www.visualcapitalist.com/visualizing-coppers-role-in-the-transition-to-clean-energy/
https://www.visualcapitalist.com/visualizing-coppers-role-in-the-transition-to-clean-energy/
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Copper in a wind turbine — Source: Visual Capitalist

As renewables take more and more market share, the whole system will require much more
copper. Solar systems require 5.5 tons of copper per MW of installed capacity and energy
storage systems require another 200kg for MW of storage capacity.

When it comes to electric vehicles, those use 3 to 5 times as much copper as internal engine
combustion vehicles. Also, think of all the chargers out there, needing lots of copper if built
and if we really all go EV.
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Copper usage per car — Source: lvanhoe mines


https://www.visualcapitalist.com/visualizing-coppers-role-in-the-transition-to-clean-energy/
https://www.ivanhoemines.com/site/assets/files/4689/2020-pdac-presentation.pdf
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Numerical projections are still pretty conservative and nobody really knows what will the
right numbers be in 2025 or 2029. Given the recent intensified discussions on renewables, |
think real renewable future demand for copper will be higher than what is expected. The
current expectations are based on conservative numbers of EVs getting to just a few
percentage points of the market by 2030.

Thus, renewables and electric vehicles and the whole electrification process is a tailwind for
copper. How big is it going to be? Time will tell, but I would estimate demand will be more
than the additional 400 kt of increased demand, or 1.6% of global demand for copper, over
the coming years.

Copper Annual Capacity Forecast By Technology 2018-2027
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Copper demand by technology - Source: Copper Alliance

Renewables are the hot story at the moment. The investment environment is crazy about them
and consequently about copper too. However, I wouldn’t get to excited about it, most is just
about chasing hot investment trends where the price action reinforces the thesis.

Chasing trends and betting on higher copper prices will likely lead to volatility because a
boom in renewables might just add a few percentage points in demand for copper. Trends that
are much more important for copper over the long-term are the growing global middle class
and over the short to medium term, construction and infrastructure demand from China. 51%
of copper demand comes from China, so that is the key and will be the key for copper for a
while.


https://copperalliance.org/wp-content/uploads/2019/04/fact-sheet-renewables-to-significantly-increase-copper-demand-by-2027.pdf
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Copper and the growing global middle class
The global population is still growing but more importantly, the global middle-class
population is exploding.

WORLDWIDE MIDDLE CLASS
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Global middle class forecast — Source: BBC


https://ar2019.nornickel.com/commodity-market-overview/copper
https://www.bbc.com/news/business-22956470
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This will have a huge impact on copper demand. Middle class means white goods, cars, air-
conditioning, infrastructure, homes and more.
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Copper usage per number of items — Source: European Copper Institute

If 2 billion new middle-class people buy just one item of white goods in the next decade, that
will add 2 million tons of copper demand, just from white goods. If 200 million buy air-
conditioning units, there is another 2 million tons of demand, that is 10% of current demand,
not to mention infrastructure, cars, electric cars, homes, homes with electric chargers, solar
installations etc.

Asia is likely to be the new China for copper demand — Source: Brookings

Middle-class spending will likely double over then next decade, and then more later. This
means more demand for copper.


https://eurometaux.eu/blog/how-copper-can-be-europes-climate-currency/
https://www.brookings.edu/research/the-unprecedented-expansion-of-the-global-middle-class-2/
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The middle class will spend
$29 trillion more per year by 2030
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Middle class expected spending — Source: Brookings

Further, middle class expansion done the Chinese way by burning a lot of coal is not a
wonderful achievement. Less CO2 emission growth means more copper will be needed.

For copper demand, the key is infrastructure and construction, as the middle class grows, as
more infrastructure is built, more homes, demand for copper will grow.


https://www.brookings.edu/research/the-unprecedented-expansion-of-the-global-middle-class-2/
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CONSTRUCTION & INFRASTRUCTURE

More than 40%

of all copper is used in construction
and infrastructure.

Source: International Copper
Study Group, data is from 2018

Infrastructure and construction is key for copper — Source: Visual Capitalist

Energy demand is expected to double by 2050 and if that doubles, so will copper
consumption. That is at least 2.5% yearly growth in demand, and if we go greener, copper
demand growth might reach 3% per year.


https://www.visualcapitalist.com/copper-critical-today-tomorrow-and-forever/
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GLOBAL POWER GENERATION , ‘
Wind Solar Hydro @ Nuclear @ Gas Oil @ Coal Other’

Thousand TWh According to McKinsey, by 2050,
renewable energy will account for
73% of global power generation.
And copper has a key role to play

in this ongoing transition.

45
40

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Share of
renewables 8% 27% 51% 73%

1 Other includes biomass, geothermal, and marine
Source: McKinsey Energy Insights’ Global Energy Perspective, January 2019

Energy generation forecast — Source: McKinsey Visual Capitalist

Let’s see the projections on copper demand and figure out what projection is likely to be
closer to reality.

10


https://www.visualcapitalist.com/copper-critical-today-tomorrow-and-forever/
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Copper long-term demand projections
Over the last 10 years, copper consumption grew by 2.4% per year.

Refined copper usage worldwide from 2009 to 2019

(in 1,000 metric tons)
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Copper consumption from 2009 to 2019 — Source: Statista

Copper demand growth was in line with global economic growth at around 2.5%

11
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GDP growth (annual %)

World Bank national accounts data, and OECD National Accounts data files.
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Global economic growth over the last 10 years — Source: Worldbank

Global economic growth is expected to be around 3% going forward which means we can
expect similar copper demand growth, on a conservative basis. Perhaps we can add a few
dozen basis points for the increase in demand coming from renewable sectors and
electrification.
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https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG?end=2019&start=2009
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Demand is more stable than perceived

Copper apparent demand over the past 20 years shows a trend growth
of just above 3%, in line with the growth of the global economy.
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Copper demand is in line with economic growth - Source: SIA

If copper demand grows 3.5% per year over the next 10 years, demand in 2030 should be at
34.5 from the current 24.5 million metric tons. That is significantly more than most copper
demand forecasts estimate and would push copper prices extremely high over the years.
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https://s-i-a.ch/wp-content/uploads/dlm_uploads/2019/09/02-Natural-Resources-Day-2019_Urs-Marti.pdf
https://static.seekingalpha.com/uploads/2019/9/18/38948546-15688330713586159_origin.png
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World’s demand for metals doubles every 20-30 years
Primary copper production for World: 1900-2050
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Historical demand growth was 3.3%, but forecasts see 1.8% growth in demand — Source:
Kinkora copper USGS

If copper demand grows faster than the expected 1.8%, the copper supply gap might be much
bigger than expected.

Average annual global refined copper consumption - kt
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Wood Mackenzie copper demand forecast, usually 3% on average, forward just 1% growth —
Source: Amerigo
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https://www.kincoracopper.com/projects/copper
http://amerigoresources.com/company/copper_outlook/
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Wood Mackenzie’s Codelco forecast stands at 1.6% per year up to 2040 while on the above
picture, demand growth over the next 15 years is just 1% from the same company, Wood
Mackenzie.

Demand projections reflect stable long-term growth
Refined Consumption by Region Total Consumption by Industry
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Codelco forecast — Source: Wood Mackenzie

The reason behind the slow copper demand growth estimations is the Chinese switch towards
a service economy. China makes 51% of copper demand thanks to its infrastructure and
construction. If Chinese demand for copper slows down, so does global demand for copper.
The number of newly build appartments in China has been declining, but it is still strong and
keeps demand for copper high.

8 764 7.49 7.66

Hurmber in million accamadation units

2008 2009 2010 2011 2012 20132 2014 2015 2016 2mz 2me

Number of accommodation units build in China — Source: Statista
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https://www.codelco.com/prontus_codelco/site/artic/20171010/asocfile/20171010090846/corporate_presentation_september2020.pdf
https://www.statista.com/statistics/242963/number-of-newly-built-apartments-in-china/
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On the other hand, infrastructure stimulus coming from not only China, but globally in an
effort to revive the COVID-19 hit economies, might neutralize the negative effects from a
Chinese economy switch to services.

Economics

China Returns to Old Construction
Playbook to Boost Growth

Bloomberg News
September 6, 2020, 11:00 PM GMT+2

Infrastructure at head of global stimulus - Bloomberg

Nevertheless, Chinese copper demand growth slowdown doesn’t mean a decline, just slower
growth on a high basis. Other Asia is however catching up with demand growth.

Long-term Copper Outlook: Supply Set to Grow While Demand

Growth is Moderating

Supply Addition: Over 4 Mt May Be Added By

While China Copper Consumption Growth

2030E Rates are Rapidly Normalizing
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https://www.bloomberg.com/news/articles/2020-09-06/china-returns-to-old-construction-playbook-to-boost-growth?sref=NDUUT5Xa
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Copper supply and slowing down demand forecast — Source: Norilsk

October 2020

Despite the COVID-19 situation, demand for copper has remained equal to 2019 levels over

the first 7 months of 2020.

World Refined Copper Usage and Supply Trends
Thousand metric tonnes, copper

2017 | 2018 | 2019 | 2019 | 2020 2020

Jan-Jul | Apr | May | Jun & Jul
Workd Mine Producion 20,058 20,565| 20,528 11,682| 11,592 1,600( 1,658( 1,694/ 1,722
Workd Mine Capaciy 23.993| 24,062| 24,139 14.416| 14.508| 2,058 2.134| 2.073] 2.113
Mine Capacity Ullizafion (%) 836 855 B850 810 V99| 77.7| 777| B17| B15
Primary Refned Producion 19.485| 20,023| 20,017 11,464 | 11,729| 1,665 1,725/ 1,725 1,704
Secondary Refned Producion | 4,063| 4,035| 4,028| 2371| 2246| 310| 336| 337 320
mz:ﬂidﬁp;:‘;?“" 23,548| 24,058 | 24,045 13,835| 13,975 1,975 2,061 2,061| 2,025
Wiorkd Refnery Capaciy 27,545 27,979| 28,794 16,647 | 17.144| 2.426| 2.513| 2.438| 2524
Refineries Capacity Ufllizafion (% ) 855 B60| 835 831 B15| 814| 820{ B45| 802
World Refned Usage 1/ 23.705| 24,484 24427 14,186 14.230| 2.073| 2.070| 2.202| 2161
Workd Refned Stocks 1375 1,227| 1.220| 1322| 1,264 1.477| 1.410] 1.319] 1,264
End of Period
Period Stbock Change 10| 48| 7| 5| 44| 61 67 91| -5
Refned Balance 2/ 56| 426 38| -351) -255| 98| -8 -141) 136
E::;{ Adjusied Refned %%%%%% 68| -170| 6| 22| -122] 97
Eﬁﬁ;ﬁﬁg;ﬂﬁaﬁrg g | 154 45| seo| -se2| -27s| 43| 83| 14| 123

Copper demand and supply — Copper study group

As this COVID issue passes, stimuluses and other make things return to normal, copper
demand will likely return to its normal course of growth between 1% and 2.5% per year even

if it might take some time.

Copper demand conclusion
All in all, T don’t really see 1% copper demand growth ahead as history and the outlook tells
us demand growth will likely be at least 2%, especially thanks to the green energy, EV and
middle class booms ahead. 2% is relatively certain level on global economic growth, while it
could also be 3% per year on green energy and significant infrastructure stimulus spending

globally.
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https://www.nornickel.com/upload/iblock/b00/CMD_2019_Norilsk_Nickel_full.pdf
https://www.icsg.org/index.php/component/jdownloads/finish/114/3054?Itemid=
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However, | am certain nothing of the above will be linear. There will be years with 3%
demand growth and years with declining demand. There might be a decline over the coming
year, as many projects are and will be delayed, but things should pick up again.

The current demand is 24.4MT. If copper demand growth 1.5% per year over the next 10
years, in 2030 we will be at 28.3 MT.

At 2% growth we are at 29.74MT and at 2.5% we would be at 31.23MT. The difference
between the 1 percentage point difference in estimations is 3MT, which could have a huge
impact on copper investments. | for sure expect volatility.

The outlook for copper is in a wide range, perhaps the best answer is value investing.

Long-term Copper Consumption Outlook

Uncertain Long-term Global Consumption ... Leading to Wide Range of Market Balance
Outlook... Forecasts
Mt CAGR 2018-2030F kt

Balanced
r
. . (1.1 Mt)
27.9 l l

2030E (Base case) 2030E (Bull case) 2018 2030E (base case) 2030E (bull case)

CAGR 2.1%

29.0 L

CAGR13% t _

1.1 Mt

Sources: Company estimates, Wood Mackenzie

~ NORNICKEL 65

Copper balance — surplus and deficit scenarios by 2030 - Source: Norilsk

Value investing means investing with a margin of safety; if I can find an investment that will
do well with 1% copper growth, the possible negative scenario, | will do fine no matter what.
If copper demand is at 2%, I’'ll do much better than expected.

No matter the growth in demand, will it be 1%, 2% or 3%, perhaps more important is the
growth in supply of copper. We have to see whether there is enough to supply for future
demand, be it 2BMT or 31 MT per year.
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Copper supply analysis — not that easy

The first thing we have to clear is that there is plenty of copper in the ground. We can
produce and satisfy current and future copper requirements for the next few decades based on
reserves (viable copper ore), and likely for the next century and more based on resources
(possibly viable for mining).

2019 World Copper Reserves & Mine Production v/

(undiscovered resources not including deep sea nodules and land-based and
submarine massive sulfides - contained copper)

Total Resources
(identified and undiscovered)
5,600 million tonnes (Mt)

Identified Resources
2,100 Mt

(not to scale)

Source: International Copper Study Group

But, the problem with copper is that the easy to mine copper, has been mined already. To
mine the copper reserves mentioned above, you need to go deeper, have more complex
mining operations and the jurisdiction where the copper is often aren’t a walk in the park.

For example, Rio Tinto and BHP own the Resolution copper project that could produce
0.5MT per year. They have already spend $2 billion on the project, don’t expect to be in
production before 2030, have to spend a lot of more money on it, and operations would be
7,000 feet below surface. To justify the project, copper prices should be higher than currently,
which is also the key of the copper investment thesis.
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https://www.icsg.org/index.php/component/jdownloads/finish/170/3046
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Facts about Resolution

» Ore deposit more than one mile below
the surface

» Copper yield will meet 25 percent
of U.S. demand each year

» Technologically advanced underground
mining methods will be used

» Thousands of direct and indirect jobs
will be created

» Billions in economic benefits for Arizona

The mine

Resolution copper

Resolution Copper project profile

October 2020

Project overview

At Resolution Copper, we're investing
in our community, our state and our
nation to access one of the largest
untapped copper deposits in the
world today. This Copper deposit

will create value for generations,
while powering the technologies and
infrastructure that America needs
every day.

The deposit, located 60 miles east of Phoenix, near the town of Superior, lies nearly
7,000 feet below the earth's surface. The proposed underground mine is expected to
become the largest copper mine in North America, capable of producing nearly 25
percent of U.S. copper demand each year.

The most common projection for copper supply from copper miners is one where you see a
big supply gap forming relatively soon and then growing from 2022 onward no matter the

copper environment.
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https://resolutioncopper.com/wp-content/uploads/2016/03/Resolution-Copper-Project-Profile.pdf
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Copper Supply / Demand Balance

Projects available to fill low demand scenario gap

Probable Projects Sufficient Only To Fill
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Teck 105

Copper miners copper supply forecast — Source: Teck

However, | must say | have been seeing the same projections over and over again over the
last 6 years and a big deficit never actually happened. So, we must be very careful and check
things in detail here.

HERE'S THE PROBLEM: .

Copper is not being discovered fast enough Base Case Production Capability
to be mined to meet upcoming demand. BN Probable Projects

10 Million
Tonne Deficit

The copper supply gap forecast in 2015 — Visual Capitalist

For example, Fitch forecasts supply growth in line with demand growth. Something that
would not create any kind of supply gap.
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https://www.teck.com/investors/presentations-webcasts/investor-meetings
https://www.visualcapitalist.com/the-looming-copper-supply-crunch/
https://www.mining.com/global-copper-production-up-3-annually-2020-2029/
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Production Growth To Remain In Positive Territory
Global Copper Mine Production (‘000 tonnes) & Growth (% y-o-y)
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f = forecast. Source: Fitch Solutions

Highest expected copper supply growth - Source: Fitch

The presentation | used from Northern Dynastly at the beginning of this research shows how
there is actually oversupply expected up to 2023 as new projects are being completed.
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GAP

MILLION DRY METRIC TONMNES

o

2023
2025
2029

I
o
-

SEPTEMBER 2020
21

Potential future copper deficit — Source: S&P Global by Northern Dynasty
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Only after 2024 could there be a supply gap that could push copper prices higher, if things
evolve as planned.

What we have is a big difference between possible and probable projects forecasts. The latest
Wood Mackenzie projection shows a supply gap opening by 2022 but possible projects could
easily lead it into an oversupply situation.

Global copper production and primary demand

== Possible Projects

== Probable Projects

mm Base Case Production Capability

~Primary Demand
Mt

1992 1997 2002 2007 2012 2017 2022 2027 2032 2037

Source: Wood Mackenzie

Copper supply and demand — Source: Wood Mackenzie

CRU is usually the most bullish on copper with the supply gap expected to be 15MT by 2035.
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Lack of new copper projects to trigger supply gap of over 15Mt by 2035

1. Copper Mine Production 2017: 20.4Mt 2. Committed* Mine Supply Forecast

Codelco
Freeport
Glencore
Grupo Mexico
BHP

KGHM

First Quantum
Rio Tinto
Antofagasta
0. MMG

19 21 23 26 27 29 31 33 35

m North America m South Amenca
s Europe — Alnca
Asia m— Australasia

SOPONORRWN -

* Committed = Existing Operations and Firm Expansions

CRU research — Source: Mining

Wood forecasts oversupply in 2021 and 2022 as commited projects come to life and hit the
market. However, after 2022, there is not much new commited supply. Souther Copper
(SCCO) had a plan to add 1MT of yearly production by 2025 but that has now been posponed
to 2027 and perhaps even later. That is 4% of copper supply in 2025 and 2026 that is now
certain it will not be there before 2027.

So, who is right here, Fitch , Wood Mackenzie, S&P Global, CRU, or copper miners in
general? To give an answer to that, | have looked at every copper miner out there and
calculated what is the current production level and what could be the production level by
2025.

Copper mine by mine supply situation and outlook by 2025 and beyond

By 2025, copper supply should grow by 2.4MT from what is committed and being actually
invested in, not promises. This is already supply growth of 2.2%. Thus, to see any kind of
supply gaps forming, copper demand growth has to be above 2.2% up till 2025.

Going beyond 2025, | have SCCO adding 1MT around 2027, Wafi Golpu adding 0.15, 0.2
coming from Baimskaya perhaps and who knows what other projects will come online by
then, it depends on copper prices. But, here | am already with another 1.35 MT being added.
Mine optimizations, new near mine discoveries, might add to that and keep supply in line
with demand.
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Miner 2019| 2025(later Miner 20138 2025|later Miner 2019 2025|later
TOTAL 11| 12.2 TOTAL 15.28 17.2 TOTAL 20.52 22,94
Codelco 1.7| 1.7|= Seabridge 0 O[KSM Atalya 0.05 0.05

BHP 17| 17+ Konkola 0.1 0.1 buenaven| 0.05 0.05

Rio 0.4 0.4(+ Zijin 0.4 0.5 Capstone 0.05 0.08
Glencore | 1.4 1.3|= MMG 0.45 0.45 CAM 0.01 0.01

FCX 1.5 1.9|= KAZ M 0.3 0.35(0.2 Baim|Copper M 0.03 0.06
Anglo 0.8| 1.25|= Boliden 0.15 0.15 WVale 0.4 0.5
Antofagag 0.7 1= Lundin 0.23 0.3 Turguoise 0.2 0.5
MNorilsk 0.5 0.5[= KGHM 0.7 0.7 ERO 0.04 0.04
FirstQ 0.7] 0.7 Ivanhoe 0 0.25 Excelsior 0.01 0.05
SCCO 1 1|+1MT 0Z Min 0.1 0.1 Udokan 0 01| 0.5
TECK 0.2 0.6 Hudbay 0.15 0.15 Solgold

GOLD 0.15( 0.15 Jiangxi 0.35 0.35 Galore Creek :
Newcrest| 0.1 0.1{wafi, 0.15MChina 1.5 1.5 other | 4.3 437

Source: Sven Carlin Research

Another thing that | found while looking at all the above miners and their production
projections, is that they have the intention to keep mining beyond the current life mines and
reserves. By using resources, that there is no point in turning into reserves now if you plan to
mine those only beyond 2030 (drilling is expensive), | think supply will stay at current levels,
not decline beyond 2025.

Global copper production and primary demand

= Possible Projects

: Probable Projects
mm Base Case Production Capability

~Primary Demand
Mt _

1992 1997 2002 2007 2012 2017 2022 2027 2032 2037

Source: Wood Mackenzie

Supply will stay stable, not decline beyond 2025 — Thinking: Sven Carlin

What happens beyond 2025, depends mostly on copper prices and that depends on demand
for copper. Higher prices might lead to faster development of the many potential projects out
there that might consequently even have a negative impact on production.
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Galore Creek vs. Global Copper phcelore Creok Mining
Size of the Prize (Resources) A

+ One of 30 Undeveloped Deposits with significant contained copper in Resources
» One of few with development permit, reserves, and completed PFS/FS studies
« Strong Tahltan relationship, significant remaining exploration potential

F’6bleoG:-.ﬂore Ud.okan

. Resolution e Diq. e

Tampakan
‘ e G . Frieda River
a Granja ~
‘(amoa-Kakula ® o
° 1m ® Quellaveco
. i ‘ Taca Taca
El Pachon

358.6 Mt contained copper in 30 deposits

Endowment Database
Cu Endowment Database

Copper projects by size — Source: Galore Creek

Conclusion on copper supply and demand

If demand for copper grows at 2% per year, we will likely see a balanced supply and demand
market for longer. Slower than 2% growth will likely lead to oversupply and faster than 2%
demand growth might create deficits.

Of course, there can always be mining issues like huge strikes in Chile or other issues with
like the current COVID-19 lockdowns that have impacted production, that can improve the
situation for copper, but that is likely to be only a short-term option. Recycling is also
important, a green energy boom might lead to higher recycling production too.

The margin of safety investing thesis would be to estimate 1% growth in demand and 2%
growth in supply. This would lead to lower prices and subsequently, as low prices are the best
cure for low prices, to cancelled projects and higher prices. So, it will all remain a cycle with
copper.

The key is to understand the cycle, buy low and sell high. Let’s check what kind of impact
might the above have on copper prices and how to play the scenarios.
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Impact on copper prices
When it comes to copper prices and supply and demand, it is all a reflexive process and a
very important one.

“The cure for low prices, are low prices”

Low copper prices don’t incentivize investments, which subsequently leads to lower supply
and higher prices. Higher prices incentivize investments that later lead to oversupply and
lower prices. This creates the common cycles with copper but also other commodities.

Low copper prices in the 1990s and early 2000s didn’t incentivizes investments. Chinese
demand growth took the sector by surprise because it takes years to ramp up a mine and
copper prices went above $4 per pound.

High copper prices during the 2006 to 2012 period, led to high investments that are still
coming online and creating a situation of balance and even oversupply, which lowers copper
prices.

Average Annual Copper Prices (LME, Grade A, Cash), 1960-2019

Us5S per tonne
Source: IC5G
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Historical copper prices — Source: ICSG

Current copper prices are relatively low and don’t really incentivize too much investing
which means that we might see another boom in the coming decade. You see above that there
are long-term cycles and short-term cycles. Catching the short-term cycle correctly is already
a big thing for investors. The secret is to buy low and sell high.
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Impact on long and short-term copper prices

How to know when to buy and sell? Well, when things look ugly and the outlook is bleak,
there is always the cost of production that gives a margin of safety and an indication of where
we are in the cycle.

If copper prices are low, mines go on care and maintenance because nobody likes to lose
money. So, when copper prices hit the level of C1+sustaining capex for 90% of the market, it
looks like a great time to buy. The current level seems to be around $2.2 and will likely
remain there over the next 5 years given the likely balance ahead in supply and demand.

Historical copper prices vs. 90" % cost curve C1 +
sustaining capex

Copper price and cost of production — Source: MMG

Thus, a buying opportunity that is low risk and high reward should be made with copper
between $2 and $2.5 while long-term valuations have to be made using $2.75 copper.

Over the last 5 years, prices have been on average around $2.75 which should confirm the
above. As we are likely to see a balanced market for the next 5 years, $2.75 should be the
price in a balanced market.
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Copper prices — Source: Antofagasta

Temporary, due to production hiccups, we might see higher prices like we are seeing now,
but the most probable outlook is for prices to revert to the mean, at least for the coming 5
years. Anything can happen, but we are looking here for a low risk, high reward situation.

300

Wood Mackenzie

2019 copper cost curve
100%, $3

90%, $2.75,

200

100

ant il

1%Q 27 Q 34Q 4 Q 18.5mt

Copper mining cost curve — Source: Wood Mackenzie

If we look at just the cash cost plus sustaining capital, thus not including investments, debt,
taxes, royalties etc., then the cost of production is much lower and to stop supply, copper
should be below $2.
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Cash cost plus sustaining capital — Wood Mackenzie

And $2 is the low we have seen copper prices reach over the last years.
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Copper price over the last 15 years — Source: Macrotrends

I’ll show a 2016 Antofagasta presentation with copper price projections. The ranges are from
below $2 to $3 up to 2020.
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Copper market outlook Q\ ANTOFAGASTA PLC

Optimistic in medium and long term

Outlook

o Expected demand growth during 2016-2020: 2.0-2.5% pa
o Supply is expected to grow modestly during 2016-2020

o Grades decline

o Few big copper projects coming

o New projects are more complicated and take longer

o Small surpluses expected until at least 2018

Copper Price Consensus (S/Ib)
Population
growth 3.50 3.30
200 3.00 3.00
|- — e
Increase in Copper 2.50 A 230 2 -57 544
.applicaﬁons Demand Urbanisation 72 =
of copper Growth 2.00 - e ’
: 189, gy 1.95
1.50 f=2]
Developed GDP & e Mean
Economies copper: 1.00 : : : - e
intensity 2015A 2016E 2017€ 2018 2019 2020

growth

Source: 23 brokers’ and analysts’ estimates (less than 3 months old), July 2016
10

Copper outlook 2016 — Source: Antofagasta

The $3 projections were right for 2018, but wrong for 2020. | think it is impossible to make
projections, but what we can do is use ranges to see when the investing risk is low and the
reward is high.

Given the cash costs of production, the likely market balance ahead with possible oversupply,
I would say a low risk copper investment should be made when copper is below $2.5. Plus,
there has to be a strategy where you can go bigger if copper goes lower.

$2.5 first buy
$2.25 second buy
$2 third buy
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Short term copper price impact

The current situation is the following, spot prices are high and could decline if supply
outstrips demand as cash costs are way below $3.09 which is the spot price as | am writing
this.

5350

53.00

$2.50 Spot  $3.04
= 270 M lb/year
B payable CuEq @ $1.46/lb 90th Percentile $1.95 |
o
o}
O s150
(wa]
=
2
S $S100

. -

$0.50 155 M Iblyear copper

@ $0.32/1b (by-product credits)
S0.00
0% 10%s 20% 30% 40% 50% 60% 70% 80% 90% 100%
$0.50 CUMULATIVE PERCENT OF GLOBAL PRODUCTION
-51.00

Source: RBC Capital Markets

Source: RBC Capital Markets

The price is set by the marginal producer, so a small increase in demand can push prices for
the whole sector to even $3.5 or higher. The opposite is also true.

We have already discussed how the current hot topic is renewables. Consequently,
investment managers, in order to have a good story for their clients, rush to buy copper.
However, they buy it for the wrong reasons because they buy chasing into a trend and don’t
think about fundamentals. Copper will be hot, but perhaps just not yet (I love the
opportunities that are created by greedy investment managers placing short-term bets).

ELECTRIC POWER | METALS — 21 Oct 2020 | 14:07 UTC — New York

Copper price flirts with $7,000/mt as
market eyes renewable demand
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Fund managers buying copper
T

Wilkes said fund managers with access to record low interest rates were using debt to place

bullish bets on the pricii

Coming out of the pandemic and associated lockdowns, the 'green’ story continues apace, as
investors seek profit from environmental, social and governance metrics.

Max Layton, managing director at Citi research, said of sustainability that the bulk of the

questions he fielded from clients were all geared around the move toward a greener economy.

"[Copper is the] flavor of the dax...copperis a standout across [the metals] complex. To me, [is
. . . “
the metal with the] highest probability of deficit."

Still, JP Morgan analyst Natasha Kaneva, said that although the bank was bullish on the
outlook for copper -- with a peak price of $7,000-$7,500/mt near term, supply would recover
from pandemic levels and head into a surplus of around 165,000 mt in 2022/23.

"The future is green...most likely 2025 [onward]," Kaneva said.

Source: SPGlobal

You can never make smart investment decisions if you chase trends, just look how copper
related headlines change day by day.

News

Copper drops by most since March on
global growth worries

SA News = Thu, Oct. 01 - 18 Comments
e—

Copper climbs after upbeat Chinese
manufacturing data

SA News » Wed, Sep. 30 = 16 Comments
L

Copper news on a forum

On what moves short term copper prices, there are many situations. Norilsk’s 2019 yearly
overview gives a good indication.
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London Metal Exchange copper price in 2019 (USD/t)

7.000
6500 | ...
6.000/\/\
5500

5,000

2/

3/
4/

8/

9/

10/

O G

October 2020

lan Feb Mar Apr May Jun

Sowrce: LME, Company data

Research groups forecast increasing market deficit
Freeport announces reduced output from its
Grasberg mine in Indonesia

Codelco reports a decrease in copper output
Heavy rains halt production at some Chilean
mines

/ Glencore shuts down a number of mines in Africa

Trade talks between the USA and China continue
Falling copper cathode imports to China

The USA imposes import tariffs on Chinese goods
worth USD 200 bn

Chinese countersanctions, tariffs on US goods
Reports of declining production in Chile

Jul Aug Sep Oct Nov Dec

11/ Strike at Chile's Chuquicamata mine

12/ Chuquicamata strike ends

13/ Increas in copper concentrate imports to China

14/ Extra US tariffs on Chinese imports worth USD
325bn

15/ Research groups report increasing market deficit

16/ National strike in Peru

17/ News of a reduction in electric grid investment
in China

18/ Brief strike at Chile’s Escondida mine

19/ The USA and China sign a preliminary trade
agreement (phase 1)

Copper price impact — Source: Norlisk Annual Report 2019

Impossible to predict is a certainty, the only thing it is possible is to look at long-term
fundamentals. When I look at long-term fundamentals, I don’t see Freeport’s new copper bull
market hopes of a major new rally.
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Copper Price History Comparisons FREEPORT

Price Response in Mid-2000s Copper Price Recovery Copper Price Recovery
to Accelerating Demand Following 2008 Global Financial Crisis Following COVID-19 Market Bottom
metric tons $/ib $/b $/b
1,500,000 $4.75 $4.75 $4.75
24-mos
1,400,000 $4.50 $4.50 $4.50
1,300,000 232';"432$4,25 $4.25 $4.25

1,200,000 $4.00 $4.00 $4.00

Early stage of major rally?
$3.75 $3.75

1,100,000 $3.75

Copper Price

1,000,000 $3.50 $3.50 $3.50

6-mos
900,000 $3.25 $3.25 +33% $3.25
800,000 $3.00 $3.00 $3.00
700,000 $2.75 $2.75 $275
600.000 $2.50 $2.50 $2.50
500,000 $2.25 $2.25 $2.25
400,000 $2.00 $2.00 $2.00
300,000 $1.75 $1.75 $175
200,000 $1.50 $1.50 $1.50
100,000 $1.25 Global Copper $125 $1.25
Exchange Inventories’
- $1.00 $1.00 $1.00
Jan04 Juk04  Jan05  JulO5  Jan-06 Jan09  Ju09  Jan-10  JuF10  Jan11 Mar-20  Sep20

* includes LME, COMEX and Shanghai exchanges

Source: Bloomberg as of 10/21/20 5

Copper price rally outlook: FCX

For me, investing is about low risk and high reward. For that | have to be patient and wait for
the right opportunity.

Copper, the strategy

Now, if current copper prices are not sustained and fall back to $2.75, or even $2.5, there will
be low incentive to boost production and it takes years to ramp up something. So, we might
see some deficits down the road which could create interesting investment opportunities.

If deficits emerge already, then I’1l miss the train but that is ok too. However, if there is
oversupply over the coming years, then buying at low copper levels might be the smart thing
to do.

If copper prices remain high, there might be many new projects coming online and creating
oversupply later, which would postpone an investment opportunity. Therefore, patience is
required.
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GLOBALLY SIGNIFICANT COPPER RESOURCE ~ KAZ
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» The Peschanka deposit in the Baimskaya licence area ranks in the top 10 undeveloped greenfield copper
projects globally

Notes:
1. Source: Company data. Mineral R include M d and Indi d Resources (bottom bar) and Inferred Resources (top bar). a1

Possible copper projects 2020 — Source: Kaz Minerals

On top of the above, there are many projects that have all kinds of issues and are not
considered currently, but are there. For example: El Pachon, Tampakan, La Granja etc.
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COPPER MINE PROJECTS (cap > 100Ktpy Cu)

Totalannual Capacity of Listed Projects : 9 Mt Cu

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Source: ICSG Directory of Copper Mines and Plants — February 2013

Copper projects 2013 — Source: ICSC

So, it all depends on the price of copper. I’ll be patient and wait for the big opportunity when
I’1l swing for the fences.
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How to invest in copper
Nobody knows where will copper prices go and be in the long-term. This has significant
impact on various copper investments:

- Exploration stock — huge volatility on copper prices as project value goes from zero to
infinity — timing is a big issue because a company eats up cash until it can sell or
finance the project — means also dilution.

- Producing miner — cost of production, life of mine and debt are the key, plus
jurisdiction, growth opportunities and general quality.

LIFE of Debt Mining | Produc CHECK
YIELD mine to FCF | costs tion
6.8 35y

CX $§22 $1.5 $1.2 S44 - $7 - <$10
100% 70%
IVN S4 DRC mining, overvalued from every metric, high risk, a bet on whatever. S5 - $0.5- <81
20% 90%
TECK CAD CADS2 20% 25y S6 3 51.4 Coal, S22 — $35- <S10
$10 $75USD LM " 300%  50%
copper
KGHM S5 $0.4 8% 20y S1.5 35 $1.7 0.7 Mt copper 0% 50% never
GLEN $30 S5 16.6 15y S19 4.5 S1 1.37Mt  mix S60 — 50% - <830
e 100% $15
LUNMF $4.29 $0.45 10% 15y 0 0 $1.5 copper S8 $2.5- <$4.29
m— = 100% 50%
gl'iTNTUM CS8.3 CS2 20% 25y Cc$10 6.5 S1.3 0.8 Mt legal CS20- CS4-— <CS5
150% 50%
o A$49 $0.28 57% 15y 0 0 $0.7  01+AU  growth AS#9-0  AS2S- <A
Minerals 100%
Ero C51.6 C50.8 5% 40y $0.65 0.04Mt  Deep UG
Copper
Zijin $24 $1 45% 2 $7 7 $2 0.7+Au  China, $24-0  $8-70% <S8
Mining DRC
Debt Mining | Produc
YIELD to FCF | costs tion
SCCO S37 5.4 $0.8 t“:z::::”" Grow — 50% - S37
reports 100%  copper
KAZX $3.8 $0.5 13% 25 S4 8 $0.8 0.3Mt  Growth  Upon ZEEEn | ) —
and debt  coper on copper
100% and loans sold!
BOLIDEN  SEK 70 SEKS 7% 20 SEK 4 0.8 $0.5 mix curency — Grow Down SEK 40
50% 50% Good!
HUDBAY 513 $0.18 13.8% 15 $1.2 6.66 S1 Cu Au Debt, 100% 50% $0.7 for
. trade
permit  gold
ANTO $13.39 1.3 10% 30 S2 - 1.5 $1.25 0.49Mt Tax, 100% 50% S9
FAGASTA net o t0 0.65 Chile

The more debt a company has, the more volatile will its stock be. Also, the higher the
production costs, the bigger is the increase in profits when copper prices go up.

| personally prefer low debt situations, good businesses with good management. Of the
bigger and safer players, Lundin remains the go to player. Glencore has much more debt, so it
is also more volatile, alongside the coal and other exposure.
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Lundin Mining Corp cowesny ivFo
MARKET CLOSED
AS OF 10/25/2020 EOT
8 n 0 4 GAD -0.28 -3.37% ¥
1D M &M ¥YTD 1Y 5Y A MINIMIZE CHART
Q, glencare @ LUN:CN -612% GLEN:LN 14.36%
H |
05/20
250.00%
200.00%
150.00%

100.00%

0.00%

| 2016 2017 2018 2019 2020
Lundin versus Glencore stock

First quantum as a pure copper player is a bit more volatile than Lundin. So, it doesn’t really
pay to risk much by going into leveraged plays as the market reacts similarly. First Quantum
was up 200% while Lundin just 100% from 2016 to 2018, that is something, but I don’t think
the upside justifies the risk.
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Lundin Mining Corp cowesny mFo
MARKET CLOSED
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200.00%

150.00%

100.00%

’.Vl(f‘l‘r’

50.00%

0.00%

-50.00%

Lundin, First Quantum and copper prices

The key to see is how small changes in copper prices have big impacts on copper stocks. This
is the reason why | am careful about long-term investing, at least for now where I don’t see
the beautiful effect of copper deficits just yet. Perhaps from 2025 onward and then | will do
my best to buy in 2022.

The market is always thinking short term, when copper is low, they project low prices into
eternity, when high like now, projections are for even higher prices.

So, the margin of safety strategy is simple, buy Lundin, Boliden and perhaps add a more
leveraged but irrationally beaten down one to the mix when copper is closer to $2.5 than to
$3.

If it doesn’t happen anymore, well, doing a sector analysis like the one I just did, should lead
to low risk high reward opportunities somewhere over time.
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