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Rystad Energy covers the full battery value chain

Battery Materials Battery Markets

Battery raw materials:

Mined volumes by country,
company, mine

Prices and investments

Mineral demand by sector (EV,
storage, other)

Li, Co, Ni, Graphite, Other

Global refineries for battery-grade
processed lithium, nickel and cobalt
Precursors for NCM, NCA and LFP
Trade flows and miners’
relationships

Capacity developments today and
going forward

Cathode/Anode production
asset coverage for power battery,
consumer electronics and

energy storage applications
Capacity developments today and
going forward

Extraction of raw minerals

Battery cell manufacturing plants

Battery cell manufacturing including chemistry and form

\3

Processing and precursors

Active component production
Electrode / electrolyte / separator

(+ -

Current collectors, casing, insulator
Copper, aluminium, plastics, etc.

&5
Second life

in low-end
vehicles

Battery recycling

factor, ~200 plants
Capacity expansions and
investments

Battery cost levels / unit prices
Battery technologies

Electric mobility

==

Bottom-up country
level forecast of battery
demand to electric
transportation

Monthly EV sales
tracking across all
segments

Technology tracking,
including maritime and
aviation applications

Energy storage

Incl. repurposed
EV batteries

Energy storage
includes renewable
hybrid systems, grid
support and behind-
meter applications
Powered by Rystad
Energy PowerCube
and IndustryCube
Includes repurposing
of EV batteries

Battery Cell Cost Modelling
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We show much of our data through power Bl dashboards...

@  BacktoDashboard Selector

Battery Materials Analysis
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...and in presentations and more traditional reports

Forecast LCE supply from Rock (Spodumene) & Clay
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So what is the Green Revolution and what’s it all for?

* An article in Nature explains, “a transition
to a low carbon society... will require vast

amounts of metals and minerals. Mineral 0 RE 1.4

resourcing and climate change are —ReFY
inextricably linked, not only because mining 5, | Re &9
requires a large amount of energy, but also e (AR8)
because the world cannot tackle climate RE{iRe)
change without adequate supply of raw 20 - DG (AR6)

materials to manufacture clean DG (AR6)

technologies’”
10 |

The Green Revolution is not for the cautiously optimistic
Electricity Generation, TWh
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To catch up with a net zero target from

2050, non-renewable electricity generation

25000 needs to fall by 3.4% per year over the rest
of this decade.
20000 Renewable electricity generation, by
contrast, needs to accelerate by 12.2% per
year
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Source: IEA, Rystad Energy
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The general economic outlook suggests more of the same; not revolution
year-on-year changes in global activity

14%
Net-zero renewable milestone
12% — @
The pace of renewable adoption needs
10% to double!

8%
6%
4%
2%

The pace of non-renewables needs to
0% collapse!

-2%

-4% -
Net-zero non-renewable milestone
-6%
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

B GDP ——Renewable ===Non Renewable
Source: IEA, September, 2022, IMF, April 2022, Rystad Energy
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But before we all lose heart: the “Edison-level transformation” provides a good deal of hope!
Percentage share of renewables in energy consumption

* After reaching 5% of US homes — 25 years 60%
after the invention in Dec, 31st 1879 -
electricity had reached every US

household by 1950. 50%
On 18 March, 2022, the
* 87 countries have now passed the “5% EIA predicted 44% of
tipping point” of renewable* mass electricity would be
adoption. 40%
generated by renewable
* Based on an “s” curve (crawling to sources: but not before
sprinting) trajectory of previous 2050!
30% —

examples, 50% of that capacity will be
reached after 20 years.

* Adoption thresholds/timings differ: 0%
Commercial solar 1% - 15% in 20 years;

Residential solar 1% - 15% in 9 years;

Wind 1% - 35% in 20 years;

Evs — 5% - 80% in 8 years.

10%

2011 2021 2031

Source: Tom Randall, Bloomberg, 18 October, 2022, EIA’s Annual Energy Outlook 2022 (AE02022). Notes * Includes wind and solar power. 38% of US renewable energy is from other forms, predominantly hydro electricity.
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In the short term, however, we are likely to have increased emissions as after every crisis...

RystadEnergy

45 ® Buildings and other sectors
= Other industrial combustion
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Source: Rystad Energy

...and our renewable generation is struggling to grow 3
3
2
The European generation mix fell 2% through L . «
the first seven months of this year, or by 35.2 Year-on-year changes in European volumes

TWh. between January and July, 2022, TWh

Most of the erosion has been among

renewables (-24.6) lead by Hydro. As a result, Coal

the renewables share of production has

fallen to 43%, from 44% one year ago. Gas

Nuclear power also fell hard but this was Nuclear

partially offset by higher-carbon non-

renewables, especially coal. Wind

Wind and solar power continue to grow

strongly at 15.6% and 23.1% respectively, but Solar

high power costs may negatively impact the

solar industry’s plans to hit 400GW by 2025 Other
Hydro

-80 -60 -40 -20 0 20 40 60

Source: Rystad Energy power solution & “Energy Scenario Cube” version September 12, 2021. Notes: Net on-grid generation, countries included are EU-27, Norway, Switzerland, and Serbia.




02/11/2022

China 1s at the ToTerront of the revolution but NON-TENEWabIEs aren’ t goINg anywnere,
especially not as winter approaches.

Energy Production, 100M KWh

Renewable* electricity in seasonal decline but
up 11% this year; other sources flat-lining
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Source: NBS, Rystad Energy. Notes: * includes solar, wind, and hydro-electric production only.
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Energy Production, shares by type

Nevertheless, the “revolution” is in its infancy,
74% of energy production is non-renewable
W Renewables ® Non - renewables

100%
90%
80%
70%
60%
50%
40%

30%

20%

10%

0%

Jan-20
Mar-20
May-20
Jul-20
Sep-20
Nov-20
Jan-21
Mar-21
May-21
Jul-21
Sep-21
Nov-21
Jan-22
Mar-22
May-22
Jul-22

Rystadenergy

And production of fossil fuels is accelerating particularly quickly, supported by surging
profits, contrasting with squeezed metal suppliers, especially in steel but also in base

Year-to-date, year-on-year changes in

Chinese production

Lead
Copper

10 NF metals

Zinc .

-10% -5% 0% 5%

Source: NBS, Rystad Energy. Notes: * includes solar, wind, and hydro-electric production only.

10%

15%

Year-to-date year-on-year changes in
Chinese sales margins
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Iron ore Mining
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Oil&Gas Extraction

0% 5% 10% 15% 20% 25% 30% 35%

Rystadcnergy




02/11/2022

But we see investment toward renewables rising further, and then accelerating again!

Energy Spending by sector, Sbn
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Solar Supplier Analysis
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Solar power generation on course to meet net zero aspirations

Rystadenergy

* Solar PV electricity generation has been

rising by over 29% per year during the Solar PV power generation, including net-zero

past nine years. target
* For this year and the nine up to 2030, it 0.9
needs to continue at breakneck speed,
and rise over 24% per year, to reach the 0.8
levels required for 2050. 07
* So far, and despite problems associated
with rising power costs in the autumn, 06
especially in Europe, the capacity coming o0s
on is actually rising more quickly than the =
net zero target. =04
So what does that mean for metals?? 03
0.2
* Metal intensity varies by technology
adopted but copper’s intensity can be 0.1
especially high, and way beyond wind o mmmmMl B I I
power at 5.5 tons per MW. The CDA A b o A B O O o 6 A o
estimates as much as 3.3 metric tons per BN N A U P N RN G N R UG
MW deployed through 2027 in North
America alone! mmm Historical additions ~——IEA Net Zero ——1.9 scenario

Source: Rystad Energy, solar supplier analysis, IEA, September 2022, Copper Development Association.

Boosting demand for metals to new heights
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m Copper mlead MZnc
Source: World Bank, Rystad Energy’s Renewable Cube. Note: metal intensity based on World Bank’s range for Solar PV.
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Wind power is rising almost as impressively; that’s especially good news for zinc
Potential demand growth related to renewable energy sectors
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Source: IEA’s net zero milestone in 2030, Rystad Energy, World Bank
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Though a short-term breather, is likely to leave wind power behind
‘000 tonnes, deployed
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Fortunately, the offshore projects will develop later In the decade, putting targets back on
track

M China B Germany MIndia = United Kingdom ' United States M Other M China W Germany M Japan
20,000 Netherlands South Korea M Taiwan
H United Kingdom M United States M Vietnam
18,000 H Other
20,000
16,000
18,000
14,000
16,000
12,000 14,000
10,000 12,000
8,000 10,000
8,000
6,000 I
6,000 -
4,000
4,000 I I
- -
. S E_mE=T i L
x H5 0 N DO DDA A D AR DD D
'\,'\,\,'»Nﬁ,'»'v'v'v'\,'»'\,'»'»% NPV YV
757 S S S S S 7SS S S

Source: Rystad Energy’s Steel solution
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The EV transition could be more impressive still...

By 2029, EV sales are on course to ...but can nickel-based alloys hold their
dominate the global market... dwindling share?
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Source: Rystad Energy’s Battery Cube
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...though lithium shortages are a clear concern, providing upside risks for mature technology
Global forecast lithium supply and demand balance
gr&%hésand tonnes (LCE)
: __ Demand 1.6 degree
Pid scenario
4,500
R4
Expected additional
4,000 —— unannounced supply,
high case
3,500
Demand 1.8 degree
3,000 __ scenario
Expected additional
2,500 " unannounced supply,
base case
2,000
1,500
1,000 —— Known supply
500
0
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Source: Rystad Energy BatteryMaterialsCube, Rystad Energy research and analysis
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Copper and Nickel demand in batteries is forecast to rise by more than 30% per year
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