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Evaluating countries on their
competitiveness in the battery
manufacturing supply chain

Raw materials

Battery manufacturing

Environmental, social and
governance

Industry, innovation and
infrastructure

Downstream demand
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Source: BloombergNEF

2 BNEF

BloombergNEF



Global battery supply chain rankings

summary: 2022

Top 15
China 1 Chile
Canada 3 Turkey
us 6 India
Finland 9 Vietnam
Norway South Africa
Germany Brazil
South Korea Indonesia
Sweden Argentina
Japan Slovakia
Australia Thailand
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UK Mexico
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Raw materials

Battery manufacturing

Environment, social
and governance

Industry, innovation
and infrastructure

Downstream demand

Source: BloombergNEF. Note: Segment bars represent inverse of rankings, e.g. Rank 1= 30. Shaded areas for manufacturing indicate that the country has no
capacity and comes joint last in the rankings with other countries. Final rankings are an average of the scores in the five categories and are indicated by the labels at

the end of the bars.

3 BNEF

BloombergNEF



Availability of lithium-ion battery raw
materials varies by location
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Source: US Geological Survey 2021, BloombergNEF. Note: The solid spheres represent production, the outer circle represents the total reserves. Size of spheres
and circles denote proportionality of the resource between countries.
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Impact of grid intensity on batteries"
carbon footprint

Supply chain and manufacturing Cell & pack manufacturing in Nordics, Supply chain and manufacturing
in central China upstream supply chain in central China in Nordics
1% 2% 2% ® Raw materials

m Precursor

22% 59 m Active material

kgCO2/kWh

17

46.7
‘ kgCO2/kWh kgCO2/kWh Cell manufacturing
m Pack manufacturing

= Transport

m Ancillary equipment

Source: BloombergNEF.
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Global commissioned battery and SHEHE SRR R
component manufacturing capacity
overlayed by battery demand by location

Supply Components anode
anoce - |
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Batteries ue———

permand catery ]
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E China m South Korea m Japan u Europe ® North America Row

Source: BloombergNEF. Note: Data as of November 2022. RoW refers to rest of world.
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of lithium, nickel and cobalt

China's share of global extraction and processing of key battery metals, 2022
Percentage

100%
80%
60%

40%

Extraction Processing Extraction Processing Extraction Processing
Lithium Nickel Cobalt

Source: BloombergNEF
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Battery recycling capacity is R
concentrated in APAC

Global battery metal recycling capacity in  Global battery metal recycling capacity in
2022 2030

m APAC m APAC
1.9 million AMER 9.7 million AMER
metric tons = EU metric tons = EU

= Row = RoW

Source: BloombergNEF. Note: APAC is Asia Pacific, AMER is the Americas and RoW is rest of the world.
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Inflation Reduction Act

Major items supporting batteries

ket

10% critical material costs $35/kWh cell costs $7,500 EV credit*
10% electrode active material costs $10/kWh module costs 6% ITC for stationary storage**
Manufacturing incentives Demand/deployment
incentives

Source: BloombergNEF. Note: *$7,500 credit is split, each $3,750 is reliant on materials and cells respectively being sourced/produced in the US or FTA countries.
**|TC for stationary storage can go up to 30% if they follow prevailing wages.
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Critical mineral and battery component -~~~
requirements to access EV tax credits

Critical mineral requirement (from North America and FTA countries)

40% 50% 60% 0% < 80% >

Battery component requirement (from North America only)
50% <«—60%—> 70% 80% 90% <« 100% >

Source: US Treasury, BloombergNEF
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North American battery-making has already
attracted $57.6bn of new investment post-IRA

North America’s cell manufacturing activity

Ohio Michigan New York
75GWh 96.6GWh 45GWh 15.2GWh 30GWh

@ °
Nevada Kentucky

levada O
137GWh O 116GWh
SETDY

California Kansas

64GWh O e 39GWh
Arizona O Tennessee
23GWh 96GWh
Mexico Texas Indiana Georgia
80GWh 100GWh 33GWh 55GWh

Source: BloombergNEF. Note: Dates for fully commissioned plants correspond to the data when the last phase was commissioned. Bubble size corresponds total
capacity commissioned, under construction and announced. Data as of January 2023.
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North America EV, battery investments R P A EEEF T F A PSP FHEFIIFETIFIEF
planned post-IRA

$ billion

Battery component ‘_ 76
production '
Multiple categories ‘- 4.4
Battery recycling ‘- 3.5

Raw materials ‘. 1.3

Source: BloombergNEF, company press releases. Note: Includes investments in the North America region through April 3, 2023. 'Multiple categories' investments do
not disclose how much is dedicated to each category.
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EU targets for local battery
manufacturing look achievable...

Announced battery cell manufacturing capacity in EU

GWh

1,600

1,400

1,200

1,000
800 mmm EU battery capacity
600 EU demand

‘ EU proposed target

400 for 2030
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2022 2023 2024 2025 2026 2027 2028 2029 2030

Source: BloombergNEF.
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...but fears of investments shiftingto -
the US are growing

Announced battery cell manufacturing capacity in EU
GWh
1,600

VW-Backed Battery Maker May Delay
German Plant as US Woos Suppliers

= Swedish company will decide on Heide site's timeline next year
= Europe’s energy crisis is hurting industry while US boosts aid

2 minute read - March 1, 2023 2:45 PM GMT - Last Updated 22 days ago

Battery start-up Freyr accelerates U.S.
plans on IRA support

By Nora Buli

(OSLO, March 1 (Reuters) - New York-listed Norwegian battery start-up Freyr is
accelerating investment in a U.S. plant to benefit from Inflation Reduction Act (IRA)

tax credits, its chief executive told Reuters this week.

1,000

mmm EU battery capacity

onn
3 minute read - February 22, 2023 2:30 PM GMT - Last Updated a month ago

Tesla scales back German battery plans, EU demand
won over by U.S. incentives ‘ EU proposed target
By Victoria Waldersee 00 - - for 2030

200

Tesla: US beats EU in looming subsidy race

By Oliver Noyan | EURACTIV.com and EURACTIV.de &3 Feb 23, 2023

-

2022 2023 2024 2025

0

Source: BloombergNEF, Euractiv, Reuters, Bloomberg News.
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EU clean tech manufacturing targets
under Net-Zero Industry Act

Technology wind Batteries Hydrogen electrolyzers
@
2030 target 36GW/year 550GWhl/year 40% of demand
Implied growth X1.7 x3.8 x17.3

over 2022-30

Source: BloombergNEF.

Solar

30GW/year

x20.0

15 BNEF

BloombergNEF



Resilience built into auction design
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Resilience built into auction design...or

1S 1t?

Waived if equipment 10% of more expensive
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Source: BloombergNEF, Creately, European Commission. Note: Elements that are considered 'critical' because they are 'strategic' are bordered with bold lines.
Carbon represents both coking coal and natural graphite.
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Extraction targets do not encourage -~~~
Investment

Battery metal mined supply and demand versus domestic supply targets in the Critical Raw
Materials Act

Lithium Nickel Cobalt

Thousand metrictons LCE Thousand metrictons Thousand metrictons
400 300 25
320 240 20
240 180 15
160 120 10
80 60 5
0 0 0

2022 2030 2022 2030 2022 2030
m— Supply mmsm Demand = 10% target

Source: BloombergNEF, European Commission. Note: LCE is lithium carbonate equivalent. .
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Processing targets reveal a value-add
priority for the EU

Battery metal processed supply and demand versus domestic supply targets in the Critical Raw
Materials Act

Lithium Nickel Cobalt

Thousand metric tons LCE Thousand metrictons Thousand metrictons
400 300 25
320 240 20
240 180 15
160 120 10
80 60 5
0 0 0

2022 2030 2022 2030 2022 2030
m— Supply == Demand e 40% target

Source: BloombergNEF, European Commission. Note: LCE is lithium carbonate equivalent. .
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Critical materials strategies compared -~

Benchmarking the EU Critical Raw Materials Act, the US Inflation Reduction Act and the Canadian
Critical Minerals Strategy

EU Critical Raw US Inflation Canadian Critical

Theme Materials Act Reduction Act Minerals Strategy

Strengthening domestic
supply capabilities

Diversifying supply
chains

Accelerating project
implementation

Championing sustainable
practices

Improving risk monitoring
and mitigation

Source: BloombergNEF, European Commission, the White House, the US Treasury, Government of Canada. Note: The critical mineral requirement-related measures
considered as part of the US Inflation Reduction Act are based on draft guidance published by the US Treasury. The EU Critical Raw Materials Act is the benchmark
for comparison.
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No new funding has been introduced
to support targets in the EU...

€0
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...and accessing existing pots is highly o
competitive

EU Innovation Fund first call for large-scale projects, launched July 2020

Applicants eligible for 2nd stage

Application that met all minimum requirements

Proposals selected for a grant I 7

Source: ERCST, CEEP, European Commission, BloombergNEF. Note: Process carried out through June 2021. Successful project types included green and blue
hydrogen, recycling, clean power, and carbon capture and storage.
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...and accessing existing pots is highly o
competitive

EU Innovation Fund first call for large-scale projects, launched July 2020

Applicants eligible for 2nd stage

Application that met all minimum requirements 2% success rate

Proposals selected for a grant I 7

Source: ERCST, CEEP, European Commission, BloombergNEF. Note: Process carried out through June 2021. Successful project types included green and blue
hydrogen, recycling, clean power, and carbon capture and storage.

24  BNEF BloombergNEF

.....



Relaxed state-aid rules and redirection of ETS

revenues are the only glimpse of new funding
2022 EUroEmiSSiQ{L Tr)ading System revenues by member states

venue illion

m Germany
m Poland

m Spain

ltaly

m France
€30 billion
m Greece
= Netherlands
m Bulgaria
Czech Republic
Portugal

Source: BloombergNEF. m Other
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_..but the factory bi" is dwarfed by
overall transition costs

EU energy transition costs compared across deployment and manufacturing,
batteries over 2023-30
$ billions

x5.5

m Batteries

Deployment costs - Economic Transition Scenario Factory investment - EU manufacturing targets

Source: BloombergNEF. Note: Factories for upstream components such as polysilicon and cathodes included in capex total.
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The real story is the impact on
deployment costs

Lithium-ion battery pack price and demand

$/kWh (2019 real) GWh
1,400 700
1,200 600
1,000 18% cost reduction for every =00
doubling
800 400
600 300
2. Cost
400 declines 200
resume
132
200 1. Costs increase 100
with localization ¢—
0 0
2010 '12 '14 '16 '18 '20e

Source: BloombergNEF.
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China average battery pack prices 33%

lower than in Europe

Volume-weighted average pack price and range by region delivered

real 2022 $/kwWh

700
600
500
400
300
221
200
127
100
89
0
China

Source: BloombergNEF.
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EU’s ~85% battery onshoringtarget
adds yearly $11.9bn to deployment

Yearly cost of meeting the EU’s battery manufacturing target under
different scenarios in 2030

$ billion
100% of battery demand from EU 56.3
85% of battery demand from EU 54.2
® China
= Europe

50% of battery demand from EU

0% of battery demand from EU

Source: BloombergNEF. Note: Total cost of all batteries bought for EVs and storage. Uses European Commission demand forecast of 647GWh, which is lower than
BNEF’s 744GWh. Includes transport costs.
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EU’s ~85% battery onshoringtarget
adds yearly $11.9bn to deployment

Yearly cost of meeting the EU’s battery manufacturing target under
different scenarios in 2030

$ billion

85% of battery demand from EU 6.4 47.8 54.2 EU 2030 target
® China
= Europe
50% of battery demand from EU 49.3
42.3

0% of battery demand from EU

Source: BloombergNEF. Note: Total cost of all batteries bought for EVs and storage. Uses European Commission demand forecast of 647GWh, which is lower than
BNEF’s 744GWh. Includes transport costs.
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Global battery supply chain rankings,
2027

Top 15 Rank 16 to 30
China NEINTNI7NoT. 1 Vietnam 19 NISN20NSNISE 16
Canada NISINI0ONNGINZNNNESE 2 India 15 HIS262INN0N 17 Raw materials
US IS Eicmchmme. 2 Indonesia 6 19232207 18
Norway 4 Chile " 8 &\lZm2s22 19
S T P ——— Turkey 15 NISNZINESIZE 20 Battery
Japan NISHENANSSNSENSIZEE - Mexico 8" NIZEZBIA 20 manufacturing
South Korea M7 2NNI0NENGENNNGEN 5 South Africa 7 S IIONNZ6 20 Environment. social
Germany 2NNSHNNNZNNNNENNNZEN S Brazil |4 \228il 23 and governance
Sweden 2ONNSINNSINNNCNNNTIN o Thailand 26524200061 24
Australia Z2EONNONNISINTIN 10 Slovakia 26\NI28I0R22 25 Industry, innovation
UK 26 11 Argentina 13 \igmg 26 and infrastructure
France 2ZNIZNNNSENIONENGEN > Philippines  “12"\26 27
Poland 2ZNNSINNISINIGENISN1 3 DRC 8 A\ 28 Downstream
Czechia 20NN 1 4 Morocco 20\ 250 29 demand
Hungary ZGENSENNISNNNZI 5 Bolivia N 30

Source: BloombergNEF. Note: Segment bars represent inverse of rankings, e.g. Rank 1= 30. Shaded areas for manufacturing indicate that the country has no
capacity and comes joint last in the rankings with other countries. Final rankings are an average of the scores in the five categories and are indicated by the labels at
the end of the bars.
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© Bloomberg Finance L.P. 2023. This publication is the copyright of Bloomberg Finance L.P. in connection with BloombergNEF. No portion of this document may be
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BloombergNEF (BNEF) is a strategic
research provider covering global commodity
markets and the disruptive technologies
driving the transition to a low-carbon
economy.

Our expert coverage assesses pathways for
the power, transport, industry, buildings and
agriculture sectors to adapt to the energy
transition.

We help commodity trading, corporate
strategy, finance and policy professionals
navigate change and generate opportunities.
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