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minimum? In our view, the resolution of this paradox will drive a structural bull B e stional

market in aluminium over the next half decade, driven by the necessity to grow
supply to meet green demand while cutting emissions to prevent a climate
catastrophe. Indeed, if copper’s conductive properties place it at the heart of a
sustainable energy system, aluminium'’s high emissions place it at the heart of the
drive for industrial decarbonisation. Precisely because of its high emissions intensity,
we see the key incremental driver of aluminium as material cost-inflation amid a
sharp deceleration in primary metal production, rather than a comparative surge in
green demand like copper. We have little doubt that investors should view
aluminium as currently in the early stages of a multi-year bull market.

Decarbonisation is inflationary for aluminium. How then, can policymakers tip
the aluminium industry toward a low-carbon equilibrium? In our view, the resolution
of this climate paradox necessitates higher prices today. As the path to net zero
requires a fundamental shift in production technology, policy must create a ‘green
margin’ to simultaneously incentivise investment in expensive green production
whilst meeting rising demand. Without decarbonised technologies offering greater
profits than their carbon intensive counterparts, producers will not start the process
of decarbonisation. Often, these policy incentives are designed to penalise more
carbon intensive production, generating cost-inflation for dirty producers. For
example in China, caps to aggregate aluminium supply will likely initially create a
structural green deficit, forcing up aluminium prices so that only green capacity
additions can take advantage of. In Europe, the emissions trading scheme will
increasingly force producers to internalise the climate cost of aluminium by buying
credits. Moreover, this cost inflation will be exported to producers from the rest of
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the world by a carbon border tax, likely to be rolled out next year, preventing the
substitution of low carbon aluminium with cheaper, brown aluminium. In either case,
aluminium prices must rise, in our view, as producers pass on higher carbon-related
costs to consumers.

Climate policy is driving metal deficits today. Decarbonising aluminum supply
requires capital, but ESG investment practises are shunning traditionally carbon
intensive commodity production. Moreover, for those that wish to invest, they are facing
a decade of growing policy risk, creating heightened uncertainty over future returns.
Together with China’s capacity cap, this growing policy risk premia has curtailed
investment in additional aluminium capacity outside China. Indeed, aluminium is facing
a classic ‘revenge of the old economy scenario’ —\Western capacity actually peaked in
the late 2000’s and has shrunk ever since. There has been no new DM capex into
incremental capacity, whilst broader RoW supply side additions ex-China curtail for now
from early 2022. Whilst an aluminium smelter has a shorter construction timeline
(brownfield ~2 years, greenfield 3-4 years) than a copper mine (brownfield 3-4 years,
greenfield 6-8 years), from a starting point of essentially no growth appetite from the
sector, the time lags still mean that supply growth is set to decelerate sharply into
mid-decade. In fact, we expect the first half of the 2020's will see the lowest five-year
period for global primary metal supply growth in close to 40 years. This will be set
against a green reinforced demand environment, which will generate an extension
through the 2020's of what has been a very strong decade for aluminium consumption
in the 2010’s. The net fundamental impact is that the aluminium market has now
entered a phase of progressively larger deficits that in cumulative terms will amount to
3Mt by the end of 2023 and as high as 9Mt by mid-decade. From a starting point of
estimated total global inventory close to 12Mt, this fundamental path will generate the
tightest market conditions since the late-2000's when aluminium last sustainably traded
above the $3,000/t level just as we expect over the next few years.

Policy shift provides structural support for an aluminium bull market. Underpinning
our view for a decade of aluminium cost inflation is the fact that the world is now clearly
focused on climate change. In the last 6 months alone, economies making up 67 % of
global GDP have announced polices that strengthen their commitment to solving
climate change, from China’s 2060 net zero pledge or Europe’s carbon border tax
proposal. In our view, this represents part of the structural shift in policy we have
highlighted since the middle of the pandemic. In the last 30 years, systemic shifts in
climate policy have been curtailed by the inability of policymakers to form a consensus
on how to adequately protect the losers from such a shift. Yet with a renewed focus on
redistribution, and a new awareness of the power of the state to tackle social need, we
see this structural block against climate policy beginning to shift, as policy makers have
become comfortable with pushing through sweeping changes during the pandemic. This
willingness to ‘act big’ creates upside skew in the pace of decarbonisation, and hence
aluminium prices. Moreover, as the world goes local, climate policy is increasingly being
used as a tool of strategic competition, from European carbon border taxes to Biden's
requirement for American made green technology. As we have often said, the trend of
policymakers placing climate at the heart of domestic and foreign policy not only
reduces the left-tail risks to green capex, but cements policy support at the centre of
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our structural bull thesis for commodities — and aluminium is no exception. Precisely
because this shift in the aluminium market is driven by the structural break in macro
policy, the last decade is a poor guide to the coming ten years. This fact is reinforced at
the micro level where the market has shifted from an era of highly price elastic supply to
one of limited supply responses underpinned by carbon based cost inflation creep. As a
result, existing price models break down, generating the need to look beyond recent
guantitative relationships when forecasting future returns.

Slow and steady will win the aluminium policy race. It is hard to understate the
transformational effect this shift in climate policy will have on the aluminium market — on
its physical emissions, distribution of global trade and pricing. First, physical emissions
will likely continue to fall as new low carbon technologies such as inert-anodes and
hydro powered smelters become ubiquitous. Second, production centers and trade
routes will begin to bifurcate between those countries implementing strict emissions
targets and carbon border taxes - led by Europe — and those who are both willing to
produce and consume brown aluminium — likely led by India. Third, we believe that in the
long run, cost-curve inflation generated by an industrial carbon price will dominate hard
capacity caps as the driver of aluminium’s decarbonisation policy. Capacity caps create
convex price risks as deficits grow abruptly, generating volatility in prices often deemed
unacceptable by policymakers. This is evident from the recent delays to implementing
China’s national steel production caps, and creates risk to the aluminum capacity cap if
onshore prices rise too aggressively in coming years. A more controlled approach — as is
occurring with the start of ETS phase 4 in Europe — prevents near term uncertainty over
physical inflation. In fact, as China shifts from a commodity exporting economy to a
high-value consumer economy, it will likely stop exporting commodity price deflation as
it curtails total capacity to meet only domestic demand, strategically retaining its cheap
energy advantage. The gradual curtailment in China’s aluminium product exports will
have an important further tightening effect on \Western balances and reinforces the need
for higher Western prices to drive supply investment.

The real green premium lies in decarbonised margins. There has been much investor
discussion of the pricing dislocations that climate policies may generate in the
aluminium physical market. Most of these are focused on the idea that a green premium
may develop as a differentiator between metal units on a carbon footprint basis. Whilst
there is no doubt that modest carbon premiums already exist in the market and are
closely tied to certain aluminium brand carbon footprint perceptions, the path from that
to a broader and more substantial pricing dichotomy is less clear cut. The main challenge
is that all LME deliverable ingots are fungible, so forcing consumers to pay materially
more for a metal unit whose added value is defined by a historical production path
rather than added value to the consumer is unreasonable. It is possible that the
introduction of an exchange contract delineating aluminium by carbon content could
generate some extra value. However, the clearest channel for a green premium in our
view is via the additional margin that producers will gain from either existing green or
prospective green margin benefits. This margin is generated when policy forces
producers to pay more for carbon intensive production, but who are then forced to
compete with cheap production methods of their decarbonised counterparts. We do
however expect a strong environment for regional physical premium going forward
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irrespective of direct green component, reflecting overall deficit conditions, material
inventory declines and regional dislocations, as well as China’s increasing import
requirements.

The metal research team would like to thank Annalisa Schiavon and Aditi Rai for their
contribution to this report. Annalisa is an intern with the commodities research team.

Aluminium’s coming bull market in 6 charts

Exhibit 1: Global aluminium market is set to trend into significant Exhibit 2: China's capacity cap will taper supply growth and
deficit over the next 3 years support rising import volumes
Aluminium China and Ex-China balance China supply and imports under capacity cap
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Exhibit 3: But that will only be the beginning in China’s sector Exhibit 4: Higher carbon prices will generate a progressive and
adjustments given emissions targets significant inflationary effect on smelting costs
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Exhibit 5: Tightening path in balances points to significant tightness
and higher prices over the next 2-3 years
Aluminum stocks as number of days of consumption vs aluminium price

Exhibit 6: Supply investments will eventually emerge but higher
prices and decarb policy certainty are needed
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Deciphering Aluminium’s Decarbonisation Trends

20 June 2021

The green transition is undoubtedly the dominant production shift across industrial
commodities in the 2020's. Aluminum’s position in this shift is relatively unique amongst
the base metals in the sense that it is both a key raw material for the technologies
needed to achieve the green transition but also a commodity with a significant carbon
footprint in its production process. Just like copper, aluminium is a metal with higher
intensity of use in key green sectors such as EV's and solar, underpinned by its qualities
as a light-weight metal with electrical conductivity and recyclability leave it well
positioned for usage in the green economy. Understanding the demand side impact
from the new consumption channels in the green economy is a critical step in gauging
the fundamental impact from the transition. However, unlike copper, the significant
carbon intensity involved in the primary aluminum production process also means the
green transition will necessarily have a significant impact on supply-side dynamics. In
this section we consider in detail both key channels of effect on the aluminium market,
qguantifying the green demand volumes and supply-side impact from current/prospective
decarbonisation focused policies.

Green electrification set to generate an additional 12Mt of aluminum demand by 2030
The past 12 months has seen a significant shift towards clearer commitments to stricter
emissions targets from the world’s largest emitters. China, accounting for 27 % of global
CO2 emissions, pledged to reach peak carbon by 2030 and net zero emissions by 2060,
Biden set a target of 50-52% reduction of GHG emissions by 2030 and the EU has
committed 37% of the 750bn Recovery Fund to the green transition. Switching to the
green technologies needed to achieve these emission reduction targets also requires a
great amount of metals. Using a bottom-up methodology, as we employed with copper,
we have attempted to quantify the green implications for aluminium demand. Our
analysis shows that in aggregate ‘green’ aluminium amounted to 3Mt in 2020, just 4%
of total global aluminium demand. However, our modeling suggests a rapid acceleration
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in green demand growth from here rising to 9.8Mt by 2025 (12% total global demand)
and then 16Mt in 2030 (19% of total global demand). We estimate that green demand
will grow at an average annual growth rate of 18% y/y in the 2020s, generating 1.3Mt
per year of growth in demand volumes.

Exhibit 7: Global green aluminium demand to rise by 13Mt over the

Green Metals

Exhibit 8: Green demand will rise to 18% of total global demand by

decade, increasing by 18% y/y on average 2030
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How Aluminium'’s elemental properties make it uniquely suited to the green transition.

Aluminium is the most abundant metallic element in the Earth’s crust and the most used non-ferrous
metal. This widespread adoption is due to its physical, chemical and mechanical properties that make it
central in the green transition.

¢ Low specific weight. For its level of reactivity, aluminium nuclei are lighter that the ones of the other
metals, giving aluminium a low density.

® Durability: \WWhen mixed with a number of alloys such as magnesium, silicon and zinc, wrought

aluminum can have a tensile strength three times that of steel, making it key for applications such as
electric vehicles, planes, or offshore wind turbines.

¢ Electrical conductivity. Like copper, silver and gold, aluminium valence electrons are not bound strongly
to its nucleus, allowing for a free flow over the metal lattice.

¢ Recyclability. Aluminium can be recycled indefinitely as it does not lose its key elemental properties in
the process. In fact, the recycling process is so straightforward, 75% of aluminium ever produced is still in
circulation today.
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Electric Vehicles - the engine of green aluminium demand

EVs will be the main driver of aluminium green demand as the sector displays

continuous expansion on the back of mounting support by governments and improving
economics. Indeed, we see aluminium demand from EVs accelerating throughout this
decade, with EVs accounting for over 65% of the total green demand. We forecast EV-
related demand to amount to 12Mt of aluminium by 2030 (vs. 2.1Mt in 2020), growing

at a rate of 20% a year for the remainder of the decade.

O
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An EV contains on average 250kg of aluminium, 70kg more than an ICE vehicle.
Aluminium is used for a number of different components, related both to electrification
(battery casing, electric motor housing) and to more traditional uses as wheels,
transmission, chassis, body closures and structure, breaks and steering. Despite the last
years' trend of increasing aluminium in cars, to improve fuel efficiency and reduce
emissions, our analysts suggested that as we move to widespread EV adoption OEMs
can turn to steel to meet the demand of more price conscious consumers. To take into
account this potential scenario we assume aluminium intensity decreases by 20% by

2030.
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Exhibit 9: 2030 EV penetration ratio will be 70% and 40% in Europe Exhibit 10: We see aluminium demand from EVs growing to 12Mt by
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Renewables - Solar dominates wind intensity

According to EIA projections energy consumption will increase by 50% over the next 30
years and at the same time countries will have to reduce emissions to comply with
policy targets. To achieve the latter and also meet the demand, countries are
transitioning to a greener energy supply driving increasing metals demand for solar and
wind installations. Aluminium is at the core of construction and structure of solar panels
and around 90% of the demand coming from renewables is from solar systems. We
expect the demand from solar to grow on average by 15% in the next decade and reach
3.7Mt by 2030 in light of solar annual installations that we expect to increase on average
by 16% thanks to solar competitiveness against fossil fuel energy sources. The Middle
East will be a key region driving this demand, as cheap-oil producer countries transition
to cheap-solar energy production. We expect 12% of the demand to come from this
region by 2025, second only to China that will account for 30% of it by 2030.

Exhibit 11: Solar growth will be the main driver in aluminium Exhibit 12: Aluminium solar demand to reach 3.8Mt by 2030
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Aluminium accounts for more than 85% of solar PV panels components (7.5kt/GW) and
it is used for the module frame, the racking and the mounting systems. These same
components can be obtained from steel, however aluminium has gained in the years the
highest market share and it is unlikely to lose its position thanks to its higher
strength-to-weight ratio, lighter weight and higher resistance to corrosion that turns out
to be crucial for systems that should last over 25 years. Nevertheless, we test the
sensitivity of the demand on three different scenarios, assuming a decreasing intensity
for solar panels in utility installations (steel would not be used on residential ones as it is
too heavy). The analysis shows a decrease in demand by 4% with a 30% decrease in
intensity by 2030, 6% with 40% decrease and 7% if intensity decreases by 50%.
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Aluminium in Wind Farms
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Wind power will have a very limited impact on aluminium demand as turbines have a
material intensity that ranges just between 0.8kt per GW and 1kt per GW. We see the
total demand coming from wind to reach 0.1Mt by 2030 growing at a rate of 7%
annually. Accounting just for up to 2% of total raw materials of a wind turbine,
aluminium is used for the nacelle that protects the energy transformation and
generation components and in the tower. Aluminium demand from wind doesn't face
any clear upside or downside risk of substitution from copper and steel respectively.
Nevertheless, governments’ incentives and policies can represent an upside risk for the
demand. Last April the US committed to doubling offshore wind production by 2030, the
NEA in China stated that wind, together with solar, should account for 16.5% of total
society power consumption in 2025 and in 2020 the EU presented the EU Strategy on
Offshore Renewable Energy to increase offshore wind capacity to 300GW by 2030.

20 June 2021 1



Goldman Sachs

Green Metals

Exhibit 13: Wind installations out to 2030

Exhibit 14: Aluminium demand from wind to grow by 7% in the next
decade
Aluminium demand coming from wind

aw m Onshore
100 Offshore kt Green demand
~ from wind projects
90 A 140 4
80
120 A
70
60 | 100 A
50 - 80 -
40 -
60 -
30 A
20 A 40 A
10
20 A
0
< w w w w w w w w w w w
2 Q& & N Q N & & & & & I 0 -
S S S S Q Q Q IS IS IS IS < 2021E 2022E 2023E 2024E 2025E 2026E 2027E 2028E 2029E 2030E
Source: Goldman Sachs Global Investment Research Source: IAl, IEA, IRENA, Goldman Sachs Global Investment Research

GS Global green aluminium demand model

Exhibit 15: Quantifying green aluminium demand by sector and region
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Decarbonisation will drive a structural shift in aluminium supply

The aluminum production process is carbon intensive, yet without aluminum
decarbonisation can’t happen. The green transition requires then, in our view, firstly a
decarbonisation of metal supply required for the green transition of the rest of the
economy. Decarbonizing aluminium supply requires investment and implies higher costs
for aluminium smelters. Our analysts estimate that to relocate Chinese capacity to
hydro-rich provinces an additional Rmb35bn of capex would be required to switch from
coal-captive power to the grid. Such a switch would drive up the unit cost of production
by Rmb870/t. Moreover, moving from a carbon anode to an inert anode for the
electrolysis (it currently accounts for 10% of smelters’ emissions) would translate into
high licensing costs for smelters. With a market increasingly dominated by ESG
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investments and until recently low margins in aluminium sector, we expect that policy
makers will be the ultimate driver of aluminium decarbonisation by incentivizing
producers to switch production technologies.

Primary aluminium and its carbon footprint

Primary aluminium production emits on average 16.5 CO2e/t and aluminium smelting is
responsible for 77% of it. Smelting is done via the Hall-Héroult process that involves obtaining aluminium
from alumina through electrolysis. In the electrolytic cell three processes happen: reduction of alumina into
aluminium, formation of CO2 and heat transfer enable the products to achieve a state such that they can
be removed from the cell.

Indirect emissions accounts for 80% of CO2e produced during the smelting process. The chemical
reaction happening in the electrolytic cell requires on average 14.2 KWh/kg of aluminium. Hence, the
source of electricity determines most of the overall carbon footprint of aluminium. Carbon intensity is 11.6
CO2et/t for coal-powered energy, 7 for natural gas, 0.3 for hydro and 0.17 for nuclear.

Direct emissions from the electrolysis of alumina accounts for 10% of the total. During the
Hall-Héroult process carbon anodes react with the oxygen released from alumina, forming predominantly
CO2. As long as carbon anodes are used CO2 emissions, between 1.4 and 1.6 CO2/t, cannot be avoided.

Smelting process produces further direct emissions from the anode effects. The anode effect is
triggered by a decrease in the alumina concentration and determines high voltage, interruption of the
aluminium production and production of perfluorocarbons (PFCs) for an amount corresponding to 0.6 t
CO2e/t (4.7% of primary aluminium production emissions).
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Policy makers can incentivize the transition on the aluminium supply side in two ways.
First, by limiting coal powered production and thus creating a scarcity of aluminium to
be filled by green producers or second, by making it uncompetitive by internalizing the
cost of emissions in the cost of production. China is currently following the first path. In
2017 Beijing put in place a cap on smelting capacity at 45Mty alongside strict
old-fornew replacement capacity rules. At the time there was only 41Mty but over the
course of the past four years that figure has risen to close to 45Mty (as defined as
capacity in operation). China’'s production will hit 40Mt in 2021, so there still remains
some ability for smelters to flex production towards their maximum operating rate which
we see being hit by 2024 (~43Mty output). After that point, we project that onshore
primary production will flat line and that additional China supply will either come from
secondary smelting capacity additions or via the primary metal import channel.

We believe that this capacity cap will be hard and that from the end of this year, any
onshore primary smelting capacity additions will have to be in place of closing older
capacity and likely directed to locations where greener power sources are available. A
progressive increase in power prices and eventually carbon pricing will act as a push
factor alongside an elevated aluminium price for producers to swap to greener
operations. We have already seen energy reduction targets resulting in certain provinces
forcing cuts on the smelting sector and this is likely to continue as progressively lower
energy consumption targets have to be met. There has already been a significant build
out of replacement capacity in Yunnan province (from 1.5Mty in 2017 to 4.7Mty this year)
reflecting the high levels of hydro generating power capacity in the province. We expect
a continued trend of green replacement capacity though this will not represent net
capacity growth and importantly, will be restrained by the pace of green power
expansion.

Exhibit 16: China’s capacity cap is set to restrain supply growth and Exhibit 17: Ex-China supply growth will not be enough te cover for
support higher import volumes China deceleration
Ex-China supply and China semis exports
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Source: Woodmac, Goldman Sachs Global Investment Research Source: Woodmac, Goldman Sachs Global Investment Research

There are several implications for this particular policy instrument. First, it doesn’t
penalise more polluting aluminium smelters more than less polluting ones, making the
majority of the technological transformation likely to happen on the extensive margin,
not intensive. This means Chinese aluminium prices likely have to rise higher and more
aggressively than the more tailored carbon tax approach. To illustrate why, we build a
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simple model analysing the “policy induced deficit” in the onshore and global markets
under China current policy, and the policy needed to meet Paris Agreement targets.
Assuming no change in average carbon intensity of production, we see that the growth
of structural deficits would rapidly destock the onshore market and if the Paris
Agreement was to be met it would likely leave the Chinese market in a deficit of 14Mt
by 2025. The fast destocking implied by this policy instrument leads to scarcity pricing
and increasing volatility. Indeed, spot prices would change dramatically given the
absence of enough inventories to respond to the shock.

Exhibit 18: Aluminium sector is still far away from net zero Exhibit 19: China cap will only be the beginning in China’s sector
Global aluminium production emissions - Paris Agreement Targets adjustments given emissions targets
implied path Current China aluminium production and implied path under Paris
Agreement Targets
CO2e Mt Global aluminium production emissions y Implied China production under Paris Agreement (no reduction in carbon intensity)
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Europe is taking a different approach with the EUA scheme. By incorporating a carbon
price into the cost structure of producers, it accounts for the spread in pollution from
different production technologies. This approach leads to three outcomes, the most
polluting technologies become uncompetitive, European producers lose
competitiveness in the international stage and the risk of carbon leakage increases.
European policymakers are planning a carbon border tax to prevent the last two from
happening. Under the current draft aluminium importers would have to buy CBAM
(Carbon Border Adjustment Mechanism) certificates, with the price being based on the
closing prices of European carbon auctions. \We highlight the impact of this tax by
adjusting the unit cost of European producers for the current EU ETS price. Internalizing
emissions cost inflates the average European production cost from 1766$/t to 2160%/t,
and moves 100% of European smelters costs above the 90th percentile of the
distribution. We then analyse the impact of a carbon-price level consistent with meeting
Paris Agreement Targets. The range needed according to the High-Level Commission on
Carbon Price would be at least 40 — 80%/t by 2020 and 50 — 100$/t by 2030. A global
carbon tax would result in the 90th percentile of the cost curve moving from ~$1,700/t
to $2450/t — $3,200/t under the first scenario and to $2615/t — $3600/t under the
second.

Ultimately we see the second approach dominating aluminium decarbonisation. It allows
for incremental change in production technologies without triggering scarcity-driven
prices and volatility as cost inflation has higher persistence over time. Moreover, ETS are
growing outside Europe. On January 2021 China’s national ETS came online, including
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for the moment just the power sector but with the scope of expanding it to the other
seven sectors, including aluminium and in the US, Biden's administration will likely face
mounting pressure on creating a carbon emissions market in the coming years. Despite

policymakers' commitment to decarbonisation, aluminium transition faces some risks.

First is China releasing the capacity cap as prices dramatically increase. We have seen
that being suggested for steel production in Tangshan province after the latest rally.
Second is a carbon trade war between Europe, US and China that would push up
aluminium prices without incentivizing the transition. Biden's administration and China,
along with other countries, have already pointed out how the CBAM could trigger WTO

challenges and retaliatory taxes.

Exhibit 20: Carbon price moves European smelters ahove the 90th
percentile of the cost curve
Aluminium cost curve adjusted for current EU ETS price
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Exhibit 21: Higher carbon prices will generate a progessive and
significant inflationary effect on smelting costs

Cost curve adjusted for global carbon price needed to meet Paris
Agreement targets
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Balance impact: Caught between cost inflation and scarcity pricing

The fundamental impact on the aluminium market from the decarbonisation is nothing
short of transformative. A combination of China’s capacity cap being hit this year, no
material ex-China capacity additions from 2022 and a green reinforced demand dynamic
provide a clear tightening path for the commodity. We now see the aluminium market
entering a phase of progressively larger deficits over the next 3 years which will
generate a cumulative deficit just under 3Mt by 2023. Whilst global inventories start this
phase at relatively elevated levels — we estimate total stocks are close to 12Mt — a near
halving by the end of 2023 represents a material reduction in buffer versus the past
decade for this market. If there are no softening adjustments between now and then,
the current deficits in 2024 (2.4Mt) and then 2025 (3.6Mt) imply significant tightness in
conditions. As with copper, the prospect of near term steady tightening trends
combined with mid-decade scarcity risks, supports a necessary surge in pricing now to

stimulate fundamental adjustments.
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The shorter cycle of aluminium supply responses (2-3 years’ smelter construction)
than copper (6-8 years mine construction) however mean the fundamental path from
mid-decade is less certain given a higher risk that supply adjustments can occur and
have a softening impact on that time frame. However, for that to happen, prices need
to both counteract inflationary forces from carbon costing, scarcity risks from deficit
markets as well as compensate producers for investments made in a high uncertain
decarbonisation policy environment. In this context, there is a very strong case for
significantly higher price levels to transpire. We have little doubt that investors should
view aluminium in the early stages of a multi-year bull market. Whilst supply
responses are likely to emerge on this path higher, they will take several years to
implement and in the interim a significant phase of tightening in fundamentals will

likely occur.

Exhibit 22: Global aluminium market is set to trend into significant
deficit over the next 3 years
Aluminium China and Ex-China balance
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Exhibit 23: Weak smelter margins in the 2010's mean a near
depletion of capacity additions in the early 2020's
Global aluminium smelters” margin and capacity growth
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Exhibit 24: During tight markets aluminium price trades well above
the cost curve

Global aluminium balance and aluminium price as percentage of 90th
percentile of cost curve

Global balance
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Exhibit 25: Our price forecast is within the historical path
Historical and forecasted aluminium price at $2021
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China’s capacity cap materially constrains aluminium supply dynamics into mid-2020’s
The critical fundamental development supporting this tightening path relates to Beijing's
imposition of a hard 45Mty capacity cap on the aluminium smelting sector. This will be
hit by the end of the year and we believe will be hard in nature. T he reason this is so
critical a development relates to the fact that the most persistent bearish feature of the
aluminium market over the past decade has been the impact from the rapid build out of
smelting capacity in China that began in the 2000's. China’s total primary smelting
capacity expanded from just 3Mty in 2000 to 21Mty by 2010 and then 44Mty by the end
of last year. Whilst that expansion was very much underpinned by demand
requirements, provincial level emphasis on regional development as well as export
opportunities ultimately resulted in significant spare capacity. From just 100kty (3%)
spare capacity in 2000 that increased to 4Mty (20%) spare capacity in 2010 and then
8Mty (19%) by 2020. This fundamental trend has meant that China’'s supply dynamic has
over the past decade become highly price elastic and ultimately a persistent source of
softness on price rallies. This has defined aluminium’s inability to sustain deficits and
price premiums to the cost curve. Removing this feature of the market, ultimately shifts
China primary aluminium supply function to a price elastic function. We view this as
most important development in the bullish path for the metal.

There are three critical aspects to the impact on aluminium market dynamics from
China's capacity cap. First and foremost, net capacity additions mean the capacity cap
will be hit this year. This means that China’s primary metal output growth will naturally
decelerate over the next three years. From an expected starting point of 40Mt in 2021
(+5% vyly), growth will decelerate to just 2% by 2023 (42.1Mt) as utilisation rates are
maxed out. Second, set against a decelerating but higher demand growth rate, China’s
primary metal import requirement will expand. From a domestic deficit of 703kt in 2020
and 1Mt in 2021, this will expand to close to 2Mt by 2023. This a critical tightening
channel on the ex-China market, which will sustain competition for units, draw
inventories and support regional premiums. Third, we also expect China’s aluminium
semis exports to progressively decline resulting from less unit availability and Beijing's
probable removal of economic incentives on this trade channel. China’s semis export
peaked at 5.4Mt in 2018 and had fallen to 4.3Mt in 2020. \We expect a decline towards
3Mt by 2023. Alongside China’s increasing primary metal import requirements, the
trend lower in semis exports will generate another progressive tightening effect on the
ex-China market.
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Exhibit 26: China supply growth to decelerate 2% by 2023
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Exhibit 27: Moderation in aluminium supply sensitivity to price set
to continue

Rolling correlation of annual aluminium supply growth and aluminium
LME 3mth price, China (RHS)
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Exhibit 28: China imports set to increase in the the coming years as
stocks deplete
China aluminium imports and reported stocks
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Exhibit 29: Ex-China supply growth will not be enough to cover for
China deceleration
Ex-China aluminum supply and China semis exports
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Ex-China supply to decelerate sharply from 2023 as ramp-ups and restarts taper

The other critical aspect to aluminium supply dynamics regards the ex-China market.
While China’s shift toward price inelastic supply function is based on current policy,
market discipline has governed a longer running restraint on ex-China capacity and
supply growth. Whilst China’s primary production grew at annual average rate of 19%
yly in the 2000’s and 11% y/y in the 2010’s, ex-China output grew at an average of just
1% and 2% y/y respectively during those two decades. On a forward looking basis, the
ramp-up of new capacity and some planned restarts will temporarily bolster ex-China
supply growth over the 2021-22 period, with close to 2Mt growth (averaging ~3.5%
average annual growth). However, from 2023 onwards ex-China supply growth
completely dissipates and on current known capacity, just 500kt of output growth will
follow over the three-year period to 2025. Given the lead times on ex-China capacity
additions are longer than in China (4-5 years versus 2-3 years), the ability for producers
to materially adjust that sharp drop off in supply growth from 2023 is limited.

We would note that given a very strong demand growth phase during 2021-22 (+6%,

20 June 2021
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+3.8Mt), the ex-China market will progressively tighten from what was a near 2Mt
surplus in 2020 to just a 642kt surplus in 2022 before deficits begin into mid-decade.
Ultimately given China'’s progressively larger deficit and assuming this is largely solved
via the import channel, on a post-trade basis the ex-China primary market will trend from
a deficit of 500kt this year to 865kt in 2022 and then 1.5Mt in 2023, then absent supply
additions, even larger deficits of 2.4Mt in 2024 and 3.6Mt in 2025. Compounded by a
trend of lower semis exports from China, we believe there will be a material tightening
trend in the ex-China market that will drive down primary metal inventories to multi year
lows. There is no immediate shortage of inventory currently in the ex-China market with
an estimated 8-9Mt of stocks. However, the accumulated deficits between now and
2025, suggest those stocks will be reduced by as much as 70% by mid-decade.

Exhibit 30: Ex-China aluminium supply growth will briefly
accelerate the next two years

Exhibit 31: Limited pipeline of ex-China capacity ramp-ups over
next 2 years then growth pipeline depletes
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Exhibit 32: Ex-China capacity additions have lagged margin
incentives by 4-5 years, suggesting any response to current price

Exhibit 33: Tightening path in ex-China primary balance alongisde
China imports point to LME stock rundown

signal will not emerge until mid-decade
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Green electrification sustains global demand trend rather than accelerate

The emphasis on the impact from decarbonisation policies has so far been on the
constraining influence on the primary aluminium supply-side. Incrementally we view
that as the most impactful trend into the 2020's. That is not to say that aluminium
demand is not positively impacted by green channels in the way that other metals such
as copper and nickel are, but rather aluminium has seen a very robust demand setting
progressively transpire over the past decade. Unlike the other base metals, global
aluminium demand growth rates actually accelerated in the 2010's (+6% pa average
growth rate) versus the 2000’s (+5% pa average growth rate). China demand growth
decelerated as with most base metals (from +19% y/y in 2000's to +9% in the 2010’s)
but it was in the ex-China market where demand accelerated (+2.5% in the 2010’s vs
+1% in the 2000’s). The key factor driving that relatively strong demand trend primarily
related to light weighting in the auto sector, a trend that evolved during that decade as
part of a broader emphasis on fuel efficiency standards in Western economies. One
could argue this was an initial green demand effect, well before copper and nickel
benefited from green demand channels such as EV's and renewables.

Looking ahead, we expect a continuation rather than acceleration in aluminium demand
growth conditions through the course of the 2020's. As with the broad industrial metals
complex, we expect a strong stimulus supported global demand recovery trend in 2021
(+7% yly) and 2022 (+4% vyl/y) before a trend rate between 2-3% y/y pa through the
remainder of the decade. This is only modestly ahead of average demand growth rate in
the 2010's (+2.5% y/y) but that should be understood as a continuation in a robust trend.
In aggregate terms, we project close to 20Mt growth in global primary demand over the
course of the decade, which will be split 13Mt for green demand growth and 7Mt for
non-green demand growth. As we have discussed earlier, EV's and solar will be the
dominant demand driver. From a regional perspective, we would note after two decades
where China generated the overwhelming majority of demand growth (90% in 2000'’s,
88% in 2010's), we expect a less China-centric demand growth composition in the
2020's (with China only generating 47 % of the growth over the decade). This is an
important feature of the demand dynamics which points to a broader set of macro and
policy drivers than the China-centric drivers of the past 20 years.
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Exhibit 34: Aluminium demand will steadily grow through the Exhibit 35: Global aluminium volume growth in 2020’s is expected
decade to be on a par with the previous supercycle in the 2000's
Global aluminium demand growth, by decade Global demand volumes, by decade
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Scrap supply constrained by China’s end of life trends, accelerating influence into mid
decade and beyond

Policy makers' last instrument to decarbonise aluminium production is to incentivize
aluminium recycling as it requires 5% of the energy used by smelters, emitting just 0.5
CO2eq t/t. The secondary production in 2019 was around 33Mt, 30% of total global
supply and satisfied 25% of the global aluminium demand. Of the total supply globally
60% comes from post-consumer scrap, however the share varies highly by region and
determines the different potential of each country to grow in the future. In China the
share of old scrap accounts only for 40% of total scrap against rates close to 70% in
Europe and in North America. The fact that old scrap is a function of past
aluminium-containing goods consumption both explains why western countries have a
higher share of old scrap and also is the foundation of the potential growth of recycled
aluminium coming from old scrap in China. Aluminium goods have on average a high
service life (construction, autos), meaning that the supply for secondary production will
be generated only years after primary aluminium consumption. Looking at the last 20
years of China aluminium consumption and considering that those goods are arriving
now at the end of their life, in the next years an increase in old scrap can be expected,
translating into an increase of secondary production. In Europe and North America the
potential of an increase in the supply is smaller as the industry in these regions is
already mature with high recycling rates and efficiency. The marginal improvement is
therefore more difficult as it is linked mostly to technical challenges in the sorting and
treatment process rather than to scrap availability. In these regions recycling can be
increased by disincentivising scrap exports. Europe and North America export 13% and
24% of the generated scrap however this trend is expected to decrease as
policymakers commit to a more circular economy, therefore pushing to recycle metal in
the region to lower the overall emissions.
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Recycled aluminium accounts for 30% of total production

Scrap Flow model (2019 Al data)
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Exhibit 36: Recyled aluminum will increase, substituting ~500kt pa Exhibit 37: China’s scrap imports have fallen sharply on quality

of primary aluminium rules, strong origin market demand
Aluminium production under Al recycled aluminium assumption China aluminium scrap imports
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Deficits through to mid-decade set to drive scarcity risks and sustained cost curve

premiums

We expect the aluminium market to move into a phase of significant increasing sized
deficits over the next 5 years. Over the 2021 to 2025 period we now project a
cumulative deficit of 9Mt, the largest phase of cumulative tightening effect ever seen in
this market. The last time the aluminium market faced a similar period of large and
sustained deficits was from 1985 to 1990, when 5 years of consecutive deficit nearly
halved global stocks and supported a near 150% increase in price. Visible market stocks
in the aluminium market currently amount to just 2.7Mt which would deplete by
mid-2023 if they were the only stock buffer. The reality is that the aluminium market

also has a significant level of off-warrants. We estimate this non-visible holding ex-China
at close to 5Mt alongside 1.5Mt producer stocks, which means pre-consumer primary
metal stocks amount to between 9-10Mt. In that context, our balance projection point to
a halving in inventory levels by early 2024 and potential depletion by the end of 2025.

Whilst there are some risks that supply responses emerge to soften the 2024/25
balances, there appears to be a very low risk the balances can materially change given
the absence of any fresh investment and a minimum 2-3 year for brownfield additions,
4-5 years for greenfield. Given this sustained and sequential accumulation in deficits
during the first half of the 2020's, we expect a sustained trend higher in price.
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Exhibit 38: Global aluminium market is set to trend into significant
deficit over the next 3 years
China and ex-China aluminium balances
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Exhibit 39: Forecasted deficits imply inventories run down
Aluminium stocks under different calculations and path implied by
global balance and aluminium global balance

kt ®\Woodmac stocks CRU stocks
20000 - Global visible stocks ® Global balance
15000 - Global visible stocks
depleted by 2023

10000 A

5000 - ‘ I

0 = =
-5000 -
2016 2017 2018 2019 2020 2021E 2022E 2023E 2024E 2025E

Source: Woodmac, CRU, Goldman Sachs Global Investment Research

Source: Woodmac, CRU, Wind, Goldman Sachs Global Investment Research

Exhibit 40: During tight markets aluminium price trades well above
the cost curve

Aluminium global balance and aluminium price as percentage of 90th
percentile of cost curve

Exhibit 41: Tightening path in balances points to significant
tightness and higher prices over the next 2-3 years

Stock as number of weeks of consumption versus aluminium price at
$2021
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LT deficits will have to be resolved by new capacity investment, carbon adjusted
incentive prices point to aluminium trending well above $3000/t

As with our copper analysis, our current medium-to-long term projections for the copper
balance point to deficits developing by the second half of the 2020’s. From the 4Mt
deficit projected for 2025, that then more than doubles by 2030 to 10Mt. The reality is
that such long term deficits cannot occur because they imply instant inventory depletion
and an inability for the market to function. Rather, the reason these deficits will not
occur is because the higher price environment we project will stimulate supply
responses that will ultimately generate enough incremental supply. In that context, we
think the incentive price needed to bring on supply is being underestimated by most of
the market because of the significant carbon inflation premium that producers are
building into their economics. If carbon costs were not a consideration then the
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incentive price for the majority of brownfield and greenfield capacity would stand below
current LME price levels. However, the reality is that no projects have been approved
and feedback from Western producers, suggests no appetite to invest in new capacity at
current price levels. We think this reflects the anticipation of significantly higher carbon
costs. Capturing that effect by discounting a long term carbon price of $100/t into the
incentive price calculation, we estimate incentive price levels for green Western capacity
close to $2,500/t, then escalating above $3,000/t for capacity in the Middle East and
Asia.

The reality is there is a significant level of uncertainty what the carbon price will be and
precise level of impact by region, but with the skew to the upside in the era of
decarbonisation, that uncertainty premium to project and operating economics weighs
against investment at current price levels. There is little doubt however that significant
investment in new capacity will eventually have to occur given the depletion level
deficits currently projected for the second half of the decade. In this context, we think
there are three key areas of focus in terms of probable investment. First, given we
assume China will no longer allow net primary capacity additions, any net growth will
have to offshore and that is most likely to be in SE Asia locations such as Indonesia and
Malaysia. We would note that already Tsingshan are investing in a 2Mty smelting in
Indonesia with Chalco providing some advisory role. Indonesia have implied that there
will be no further new coal fired generating capacity, which likely constrains the pace of
build out. Second, we would expect probable production expansion in locations such as
India and Middle East though the base case suggests that the earliest such additions
would impact supply would be in the second half of the decade. Third and final, in the
West the most likely supply addition will either be brownfield additions at green capacity
and potentially some small scale restarts.

Exhibit 42: Before 2000, smelters’ response to high margins had Exhibit 43: Supply investments will eventually emerge but higher
lagged prices and decarb policy certainty are needed
Global aluminium smelters’margin and capacity growth Incentive prices, by region
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Regional physical premia will be well-supported, but logic less clear on explicit green
premia component

There has been much investor discussion of the pricing dislocations that climate policies
may generate in the aluminium physical market. Most of these are focused on the idea
that a green premium may develop as a differentiator between metal units on a carbon
footprint basis. Whilst there is no doubt that modest carbon premiums already exist in
the market and are closely tied to certain aluminium brand values, the path from that to
a broader and more substantial pricing dichotomy is less clear cut. The main challenge is
that all LME deliverable ingots are fungible, so forcing consumers to pay materially more
for a metal unit whose added value is defined by its historical production path rather
than added value to the consumer is counterintuitive. It is possible that the introduction
of an exchange contract delineating aluminium by carbon content could generate some
extra value. However, the clearest channel for a green premium in our view is via the
additional margin that producers will gain from either existing green or prospective
green margin benefits. This margin is generated when policy forces producers to pay
more for carbon intensive production, but who are forced to compete with cheap
production methods of their decarbonised counterparts. We do however expect a strong
environment for regional physical premium going forward irrespective of direct green
component, reflecting in particular overall deficit conditions, material inventory declines
and regional dislocations, as well as China’s increasing import requirements.

Exhibit 44: Western aluminium premia supported by the tight

market
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Exhibit 45: Low LME stocks in the West
On-warrant and off-warrant LME stocks
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Capturing price risk through a structural break

In this note, we have outlined how the aluminium market is undergoing a shift in micro
fundamentals, from a stagnant cost curve to deficit pricing. This shift is set against an
entirely new macro backdrop, where policymakers are pushing for an unprecedented
overhaul in industrial production. As a result, we believe that the recent past is a poor
predictor of how the aluminium market will behave in the future.

We analyse the impact of such structural breaks on the predictive power of a standard
aluminium pricing model, and show that it falls substantially in the period directly after
the break occurs. Intuitively, this is because the data fed into such models reflects the
state of macro fundamentals before their change. It is only after an extended period of
time that enough data capturing the new state of the world can be collected to produce
accurate models. As Exhibit 47 shows the Mean Square Error — a measure of a models’
out of sample accuracy — of a standard price model for aluminium rises after periods
where capacity constraints begin to bind after a period of cost inflation. This is precisely
the situation we are in today. Moreover, Exhibit 46 indicates just how unique the last
decade has been in the history of the aluminium market. After extensive capacity capex
— particularly in China — led to a glut of smelting capacity, aluminium has been anchored
to the cost curve. Moreover this cost curve was deflating as US shale oil and greater
coal to gas switching in Europe led to falling energy prices from 2014-2020. As these
constraints failed to bind on the aluminium market over the last decade, modelling the
price dynamics of a structural constrained market becomes infeasible.

Exhibit 46: A decade of aluminum deflation amid cheap energy and a capacity glut has limited the elasticity
of traditional price drivers

Betas from rolling regression of oil price and inventories on aluminum price, where all the variables are in log
differences
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How then, should we think about price risks in aluminium going forward? \We tackle the
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problem both quantitatively and qualitatively. First, we look at the aluminium market
over the last 50 years, and consider those periods that have similar macro and micro
fundamentals to what we expect over the coming 3 years. On a micro basis, we look at
those times when aluminium prices rose above the cost curve — that is when
inventories were relatively tight, and had a relatively stronger beta on aluminium price
than cost-curve inflation. Then, we cross reference these with periods of similar strong,
fiscally and monetary expansionary policy — like the late 1980's at the end of the arms
race and the war on acid rain, or the mid 2000's with the rise of China and low US
interest rates. We construct a truncated price model from those periods, taking an
average of rolling beta estimates and using these to project prices forward into the
coming decade. Comparing the results of this analysis with a price model constructed
from data over the last decade gives us a direct quantitative estimate of the risk
surrounding our forecast based on the structural break. Both estimates are conditioned
on the same underlying assumptions on the balance and path of oil prices, yet the
model based on the most recent data highlights the likely price path in an environment
of unsupportive macro policy and structural overcapacity. The other shows a much
stronger price response to our underlying assumptions, consistent with the theory
highlighted above.

Exhibit 47: Model accuracy worsens during periods of structural Exhibit 48: The past is not always a good predictor of the future
change Structural break in parameters price path is created by taking average
Energy prices refer to brent crude oil price, and we use LME aluminium of betas from rolling OLS regressions over late 1980s and mid 2000s, and
stocks series for aluminium inventories. no structural break in parameters price path is created by taking betas
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Second, we consider the qualitative factors that are generating the structural break in
the drivers of aluminium'’s price — the political economy of climate change. Considering
aluminum’s central role in industrial decarbonisation and that decarbonisation’s role in
driving the coming bull market, mapping out the potential risks to policy is crucial. In our
view, the majority of the risk remains skewed firmly to the upside. For the last 30 years,
economists have characterised climate policy as a free rider problem — without other
economies curbing emissions, why should any country shoulder the cost of
decarbonisation? Yet this is misleading — climate policy is not an issue of free riding, but
of redistribution. Without the capacity to adequately compensate the losers — often
low-income households — the required political coalition can never form to generate a
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systemic shift in policy. With a renewed focus on redistribution, and a new awareness
of the power of the state to tackle social need, we see this structural block against
climate policy beginning to shift, as policy makers become comfortable with pushing
through sweeping changes.

Despite the fact that since the start of the pandemic, countries accounting for 67 % of
GDP have announced stronger policies to fight climate change, no country yet has a
policy platform that fully aligns the path of emissions to the Paris Agreement’s Targets.
For example, President Biden's announcement of 50-52% emission reduction by 2030 is
about 5 to 10% points lower than the target consistent with a 1.5°C pathway. EU’s
commitment to “at least 55% " net emission reduction by 2030, should be between
58% and 70% and China’'s path, despite commitment to peak carbon in 2030, falls far
outside its “fair share” range. With growing domestic political consensus over the need
for stronger action, and considerable room to tighten further, it remains likely that
further announcements of decarbonisation policy will occur before COP26 in Glasgow
this November.

The widespread adoption of carbon trading schemes, already well-established in
Europe, being rolled out in China and just emerging in the US remain a key upside policy
risk to aluminium. In fact, we see the launch of the Chinese ETS as the main upside risk
for onshore aluminium in coming years. Despite a recent scale back of its
decarbonisation plan to ensure no negative impact on the economy after the pandemic,
in the medium term Chinese environmental officials appear likely to push for a
tightening of the new ETS, both by extending the reach to high carbon-intensity sectors,
including aluminium, and by modifying the allocation of allowances to create a
progressive tightening.

Not all the risks remain to the upside however. Indeed, in recent weeks Chinese
policymakers have rolled back capacity caps to steel producers after growing onshore
inflation. With Beijing pressuring smelters to cut copper speculative positions, policy
support for decarbonisation may well be tempered by the reality of a sudden shift to
higher prices. The tension between climate policy, inflation and growth extends beyond
China. Additionally, decarbonisation in India could hang in the balance as economic
growth has become a top priority post pandemic. While the US-India Climate and Clean
Energy Agenda 2030 partnership is intended to provide the much need space for
increasing green practices in India, the country has still not provided a clear roadmap for
a transition away from coal. Also, India’s environment minister has said the country
“won't raise its climate ambitions under pressure’, and India has called the EU border
tax scheme “unfair and discriminatory” in a joint statement with Brazil, South Africa and
China.
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GS Aluminium Supply and Demand Model

Exhibit 49: GS Global Aluminium Supply and Demand Model
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Sachs (Singapore) Pte. (Company Number: 198602165W), which is regulated by the Monetary Authority of Singapore, accepts legal responsibility for
this research, and should be contacted with respect to any matters arising from, or in connection with, this research. Taiwan: This material is for
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forecasts contained herein are as of the date hereof and are subject to change without prior notification. We seek to update our research as
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necessarily reflect those of Global Investment Research and are not an official view of Goldman Sachs.
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may fluctuate. Past performance is not a guide to future performance, future returns are not guaranteed, and a loss of original capital may occur.
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Certain transactions, including those involving futures, options, and other derivatives, give rise to substantial risk and are not suitable for all investors.
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https://www.theocc.com/about/publications/characterrisks.jsp and
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