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Executive summary

The transport sector accounted for roughly a quarter of global CO, emissions in 2019, with over
70 per cent coming from road transport. It is clear that these emissions need to be curbed if the
targets of the Paris Climate Agreement are to be reached and catastrophic climate change is to
be avoided. But phasing out fossil fuel-powered cars in favour of electric vehicles may come at
an unacceptably high social and environmental cost.

Electric vehicles are often presented as the ultimate solution to help reduce emissions from road
transport. After all, they run on batteries instead of oil, eliminating the CO, exhaust emissions of
traditional engines. This is why governments across the world are adopting policies to phase out
petrol and diesel cars and stimulate massive uptake of electric vehicles. This has already led to

a worldwide boom in the production and sales of electric cars, which will only pick up speed in
the coming years.

At the core of this transition is the production of lithium-ion batteries. The minerals required to
produce these batteries - lithium, cobalt, nickel, graphite, manganese- are extracted from the
earth, just like fossil fuels, and demand for them is skyrocketing. A recent report by the World Bank
estimates that demand for lithium, cobalt and graphite could grow by nearly 500 per cent by 2050.

While electric vehicles are widely embraced, the pressure of the great battery boom is increas-
ingly being felt by communities around the world, including in Argentina, Chile and Bolivia — the
so-called ‘Lithium Triangle’ countries that host three-quarters of the world’s lithium resources — and
the Democratic Republic of Congo, which produces about two-thirds of the world’s cobalt. Issues
reported include heavy pollution, water scarcity, exposure to toxics, non-disclosure of suficient
information, lack of consultation and community consent, community conflicts and abuses, impact
on indigenous rights, dangerous mining conditions and child labour. The unprecedented increase in
demand for these and other raw materials thus poses serious human rights and environmental risks
and begs the question how sustainable and fair a mobility transition based on the mass uptake of
electric vehicles really is.

To answer this question, this report analyses the composition of the most common Li-ion batteries
and reviews the whole battery value chain, from mining to production, and recycling. It looks at the
composition of the batteries, the biggest players in the industry and the (expected) consequences on
the ground. Apart from critically assessing the current and future social and environmental impacts
of the soaring demand for minerals needed to produce batteries for electric vehicles, the report also
looks at alternative, less mineral-dependent strategies to reduce emissions in the transport sector.
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Key findings

O

Extensive documentation shows that the social and environmental impacts associated with
mining of key minerals (lithium, cobalt, nickel, graphite and manganese) for producing Li-ion
batteries are destructive and widespread. The mass uptake of electric cars would result in more
mining and energy consumption, increasing these impacts, which raises serious social and envi-
ronmental concerns about transitioning from a dependency on oil to a dependency on minerals
for mobility.

As electric vehicles gain market share, an enormous number of the batteries that power them
will reach end-of-life in the decades to come. An important concern is that battery manufacturers
are currently not designing Li-ion batteries to optimise recycling. Differences in design of battery
cells, modules and packs hinder recycling efficiency. Packs are not easy to disassemble and cells
are not easy to separate for recycling.

Key players pushing for the mass adoption of electric vehicles are primarily businesses,
governments in the US, Europe and China, the European Commission as well as partnerships
(battery alliances) with a strong corporate presence. The expected market value and potential
profits of the Li-ion battery value chain is a key motivator of their efforts to scale up Li-ion
battery production and the mass uptake of electric vehicles. Predictions clearly show that the
expected economic benefits would be unequally distributed among the different segments of
the value chain, predominantly favouring those businesses that are engaged with cell and car
manufacturing.

Corporate players and battery alliances are already heavily invested in the development of a
Li-ion battery value chain, leading to a vested interest in the mass uptake of batteries. These
companies are likely to support a system that locks society in a transport system where individual
car ownership is central.

Policy measures in different countries and at the EU level are playing a decisive role in incen-
tivising the electric vehicle boom, often accompanied with public spending. In Europe, the
declaration of the battery as a strategic priority by the European Commission is accompanied
by an important change in industrial policy, which shifts away from open market and free
competition towards a government supported Li-ion battery industry, allowing for the easing
of market and state-aid rules.

While mass adoption of electric vehicles is being promoted by industry and governments
(particularly in the global north), it is not the only solution to address the impacts of passenger
road transport. Scientists, civil society and communities across the world are calling for a
different approach based on environmental justice and the need to reduce the demand for
minerals and energy in absolute terms. Strategies proposed include ride-sharing, car-sharing
and smaller vehicles. These strategies based on scientific studies have the biggest potential to
reduce the impact of passenger road transport. Material efficiency strategies such as recycling
and extended lifespan are also important. The effects of these combined strategies are
discussed in the report.
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Recommendations

The following are key recommendations based on the information provided in this report.
For additional recommendations, we refer to the (forthcoming) Principles for Businesses and
Governments in the Battery Value Chain drafted by Amnesty International and allies.

To governments

O

States and the EU should prioritise reducing the mineral and energy demand of passenger road
transport in absolute terms. To do so, States and the EU should support and promote strategies
towards car-sharing, ride-sharing and public transport.

States should introduce policy action and regulations that promote material efficiency strategies
for the use of less materials and energy, including design of smaller Li-ion batteries and electric
vehicles, reuse and recycling.

States and the EU should require manufacturers to standardise the design of Li-ion cells,
modules and packs, and include proper labelling, in order to optimise recycling.

States and the EU should introduce rules mandating Li-ion battery producers and/or EV manu-
facturers to take back end-of-life Li-ion batteries, through an extended producer responsibility
scheme.

States and the EU should introduce binding regulation requiring companies to conduct
mandatory human rights and environmental due diligence, including the obligation of businesses
to publish their due diligence practices and findings. Due diligence requirements should cover
the entire battery value chain and involve communities, workers, civil society and trade unions

in its design, monitoring and implementation.

States and the EU should facilitate a democratic public debate to discuss alternative strategies
to address the impacts of passenger road transport that includes the participation and
meaningful engagement of mining-affected communities, workers, environmentalists, scientists,
civil society and that is based on environmental justice and respect for human rights.
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To companies along the battery value chain

O All companies along the Li-ion battery value chain should map and disclose their supply chain
and use their leverage with business relationships to request respect for human rights, decent
working conditions and environmental protection through contractual obligations.

O All companies along the Li-ion battery value chain should carry out human rights and environ-
mental due diligence, disclosing their findings on risks and abuses and outcomes; and prevent,
address and mitigate their negative impacts.

O All companies should respect human rights and environmental laws, including the right to
information, water, health; a healthy environment; communities’ right to withhold consent;
occupational health and safety standards; and the right of freedom of association and collective
bargaining.

O All companies should provide victims of abuses occurring at any stage of the value chain with
access to an effective remedy and have in place an effective grievance mechanism to receive
workers’ and external complaints.

O Companies should prioritise reducing mineral and energy demand in absolute terms, standardise
design of Li-ion batteries and their components, which facilitate reuse and recycling. Manufacturers
should ensure that Li-ion batteries and components include proper labels including battery
health and safety guidelines for disassembling and recycling.



Introduction

Context and point of departure

Urgent action is needed to address the climate crisis. Phasing out fossil fuels and shifting towards
more sustainable sources of energy is essential to curb global warming. Reaching the targets of the
Paris Agreement and limiting global warming requires urgent and ‘far-reaching transitions in energy,
land, urban and infrastructure (including transport and buildings), and industrial systems’, according
to the Intergovernmental Panel on Climate Change (IPCC)."In 2019, the transport sector (land, air,
sea and water) was responsible for 24 per cent of energy-related global CO, emissions.2 Roughly,
road transport accounts for more than 70 per cent of all transport emissions. Within road transport,
passenger road transport accounts for roughly two thirds of emissions while commercial road
transport accounts for the remaining one third.?

Almost all energy for transport (95 per cent) comes from burning diesel and gasoline.* In 2019,
passenger cars burned more than 40 million barrels of oil per day, representing over 20 per cent

of total global demand.® Therefore, reducing the environmental impacts of passenger road transport
is imperative and poses a major challenge in terms of addressing the climate crisis.

Increasingly, mass uptake of electric vehicles (EVs) is presented as the solution to reduce emissions
of passenger road transport. After all, EVs run on batteries instead of oil, which eliminate the

CO, exhaust emissions of traditional internal combustion engines. Electric mobility is booming,
especially in China and in the global north. The global EV fleet has gone from 17,000 units in 2010
to 7.2 million by 2019, with more than 2.1 million EV sales in 2019 alone.® Industry analysts estimate
that global sales of EVs will reach 26 million in 2030 and 54 million in 2040.7 Despite electrification,
the global fleet of passenger cars is expected to grow from 1.2 billion in 2020 to 1.4 billion in

2030, and EVs will only account for 8 per cent of the total fleet in 2030, far from replacing internal
combustion engines.®

Countries around the world are introducing regulations, incentives and legislation to phase out
petrol and diesel cars. By 2025, in Norway only 100% electric or plug-in hybrid EVs will be sold.?

By 2030, all new cars in the Netherlands should be emission free.'®In the UK and France, as of 2030
and 2040, respectively, sales of petrol and diesel cars will not be allowed." Policy-makers in Canada,
Chile, Costa Rica, India and New Zealand are also supporting the uptake of EVs."?

China’s objectives are ambitious. China has set a target of 7 million EV sales annually by 2025.%
China is the world's biggest EV market, followed by the European Union (EU) and the United States
(US). By 2025, China is projected to account to 54 per cent of the global passenger EV sales.’

Policy measures have played an important role in promoting the EV boom, including emissions
regulations, fuel economy standards (EU), zero-emissions mandates (Quebec and California),
subsidies (Korea, China), public procurement (EU Clean Vehicles Directive), restrictions on investment
in combustion engine manufacturing (China) and reduction of purchase price for EVs (India)."



SOMO

The Battery

Batteries are at the core of this momentous transition in passenger road transport. Batteries, as
stated by the European Commission’s Vice President, are ‘at the heart of the on-going industrial
revolution. Their development and production play a strategic role in the on-going transition to clean
mobility and clean energy systems’.'¢ Battery manufacturing has become a priority and a strategic
goal for many regions, notably China and the EU. The latter recently adopted the Strategic Action
Plan for Batteries to accelerate the building of a battery value chain in Europe (see Chapter 2.1).

While there are different types of batteries, lithium-ion batteries (Li-ion batteries) are expected
to dominate the EV market at least for the next decade."”

But what's inside a Li-ion battery? The minerals required to produce the Li-ion batteries (i.e. lithium,
cobalt, nickel, graphite, manganese) come from the earth, just like fossil fuels. Minerals are the
ingredients for batteries’ energy storage. And demand for them is skyrocketing. A recent report by
the World Bank estimates that demand for lithium, cobalt and graphite could grow by nearly 500
per cent by 2050, driven almost entirely by demand for batteries used for EVs.'® While governments
and citizens in the global north are embracing and incentivising electric vehicles, the pressure of
the great battery boom is being felt by communities in places like Argentina, Chile and Bolivia - the
so-called ‘Lithium Triangle’ countries, which host 75 per cent of the world’s lithium resources — and
the Democratic Republic of Congo (DRC), which produces about two-thirds of the world’s cobalt.
Furthermore, energy-intensive mega-factories are rapidly being built to supply the surging need for
batteries. As well as requiring soaring amounts of minerals, the manufacture of Li-ion batteries also
requires energy and generates carbon emissions and waste.

The unprecedented increase in demand for raw materials to make Li-ion batteries poses serious
human rights and environmental risks and calls into question how clean, sustainable and fair a
mobility transition based on mass uptake of EVs and increased production of batteries really is.
Furthermore, passenger EVs are predicted to become the main driver for global Li-ion battery
demand, far exceeding demand resulting from commercial transport, energy storage and consumer
electronics.

Mass adoption of EVs is, however, not the only solution to address the impacts of passenger

road transport. Scientists, civil society and communities across the world are calling for a different
approach based on environmental justice and on the need to absolutely reduce the demand for
minerals and energy.

Aim and research questions

The aim of this paper is to discuss and critically assess the social and environmental implications
resulting from a mass uptake of EVs as a solution to address the climate impacts of passenger road
transport. In particular the aim is to assess the implications resulting from a soaring mineral demand
to produce Li-ion batteries to propel EVs. Furthermore, the aim is to identify other existing strategies
to address the social and environmental impacts of passenger road transport in order to broaden
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the debate, particularly strategies based on environmental justice and towards reducing resource
and energy use.

By reviewing the Li-ion battery value chain, we also aim to support existing efforts of different
groups (communities, workers, trade unions, environmentalists, activists) with increased knowledge
of the key players, dynamics, latest developments and leverage points of the Li-ion battery value
chain in order to support their efforts towards transparency, corporate accountability and demands
to respecting human rights and environmental protection.

The objectives of this report are to:

O Provide an overview of the Li-ion battery, including its mineral composition, main components
and type.

O Offer an analysis of the global Li-ion battery supply chain, including its stages, main stakeholders
and location of main activities.

O Identify who are the key players pushing towards (and investing in) a transition towards the
mass uptake of EVs. In particular, we will focus on Europe, where the Li-ion battery value chain
is changing rapidly due to increased incentives and investments.

O Analyse the main predictions of mineral demand resulting from the mass production of Li-ion
batteries for EVs.

O Identify some of the main social and environmental impacts associated with mining of minerals
used to produce Li-ion batteries.

O Carry out an initial non-exhaustive identification of other strategies to address the social
and environmental impacts of passenger road transport and the battery value chain.

Research methodology

This report focuses on Li-ion batteries used for passenger road EVs. We focus on passenger road

transport, as it is the biggest sub-segment within the road transport sector, and is responsible for
two thirds of emissions. As mentioned above, passenger EVs are also the main driver for the mass
production of Li-ion batteries.

The main research method used for this report is desk-based research, further complemented

by empirical information gathering. Desk research was based on primary and secondary sources.
Primary sources included statistical data, company’s publications, reports on the social and
environmental impacts of mining and the transport sector and scientific journals. Secondary sources
included media articles, books, non-governmental organisation (NGO) reports and company and
industry reports. Some parts of Chapter 2, particularly on the social and environmental impacts of
mining, relied on previous work by the Centre for Research on Multinational Corporations (SOMO)
and other NGOs. Empirical information gathering included conversations and email exchanges
with different experts as well as participation in workshops, panel discussions and seminars.

10
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Structure of this report

Chapter 1 provides an overview of the battery, including its components and different chemical
compositions, focussing on the lithium rechargeable battery. The entire battery value chain is
analysed, including the main players involved and key location of activities for each stage.

In Chapter 2, we identify the key players and initiatives that are promoting the mass adoption of EVs,
such as the European Battery Alliance and the Global Battery Alliance. We also review major industry
players that are investing in the battery value chain as well as recent alliances and consolidation of
business interests. We further zoom in on the corporations investing in developing a battery value
chain in Europe, as well as the governmental support that they are receiving through public spending
and incentives.

Chapter 3 focuses on analysing the soaring rise in demand for minerals resulting from mass uptake
of EVs and battery production. We focus on key minerals for batteries (lithium, cobalt, manganese,
graphite and nickel) including the associated social and environmental impacts resulting from mining
for such minerals.

Chapter 4 focuses on carrying out a non-exhaustive identification of other strategies to address
the social and environmental impacts of passenger road transport. We focus on strategies based on
environmental justice, reduction of private passenger cars (in order to reduce mineral and energy

demand) as well as material efficiency and recycling.

We conclude with recommendations for governments and companies along the battery value chain.

11



1 The Li-ion battery

1.1 Li-ion battery composition

A Li-ion battery is a group of inter-connected cells capable of charging and discharging. Common
end-uses of Li-ion batteries include consumer electronics, electric vehicles and energy storage.

A Li-ion battery cell is made up of several components: a negative electrode or anode (usually made of
graphite with a copper collector), a positive electrode or cathode (made from a transition metal oxide
that can vary in chemical composition with an aluminium collector), a separator and an electrolyte.

The chemical composition of the cathode defines the specific Li-ion battery type. The most common
Li-ion battery types used for EVs, according to their cathode composition, are:

Lithium nickel cobalt aluminum (NCA), (used by Tesla).

Lithium nickel manganese cobalt (NMC), which has a higher energy density (used by BMW,
Hyundai, Volkswagen, Nissan, and Mercedes-Benz).

Lithium manganese oxide (LMO) (used by Nissan first generation and BMW).

Lithium iron phosphate (LFP), (commonly used in public transportation as they are more stable).
Lithium titanate (LTO), (used in public transportation for its fast-charging properties).

Oooo oO0o

Another type of battery, Lithium-cobalt oxide (LCO), is mostly used by consumer electronics but
is deemed unsuitable for cars because of safety reasons.

The key mineral constituents in most types of Li-ion batteries used for EVs are cobalt, lithium,
graphite, manganese and nickel. Figure 1 shows a battery model, including the key materials used
in the its different components.

The Li-ion battery type or composition determines its mineral demand. As an illustration, Figure 2
shows the mineral ratios for LMO, NMC 111, NMC 811 and NCA battery types.

The size of the battery (measured in power output) determines the amount of materials needed per
unit. Currently the Li-ion battery size, measured in power output, ranges from 15 to100 kilowatt-
hour (kWh). Compact EVs use a Li-ion battery size of 12-18 kWh, mid-size sedans use a 22-32 kWh
pack, and high-end models (like Tesla) use a battery size of 60-100 kWh." The bigger the size of
the battery, the more minerals are required to produce them. Size plays a key role in the range

of the battery. For instance, a Mitsubishi MiEV with a battery pack of 16 kWh has a range of 85 km
while a Tesla S85 with a battery pack of 90 kWh reaches up to 360 km.?°

While Li-ion batteries will dominate the EV market in the next decade, according to analysts, there

are other battery technologies currently being developed and tested that may become commercially
viable in the near future. For instance, solid-state Li-ion batteries or zinc-air batteries could become

12



Figure 1 A Li-ion battery model
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Figure 2 Mineral ratios for the main EV Li-ion battery types

LMO

Source: BloombergNEF.
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(i.e. polymer or ceramic) rather than a liquid one as used in current Li-ion batteries.
There are several options of additional minerals that could be used for the solid electrolyte (including

aluminium, tin, silver and boron). Another important difference between technologies is that

solid-state batteries use an anode made of lithium rather than graphite. According to some analysts

and business roadmaps (e.g. Volkswagen), solid-state Li-ion batteries could be used commercially

by EVs within 5 to 10 years.?!
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1.2 The Li-ion battery value chain

The Li-ion battery value chain has six key stages: mining and refining, cell component manufacturing
(cathode, anode, electrolytes, separators), cell manufacturing, battery pack assembly, electric vehicle
manufacturing and recycling.??

Figure 3 The lithium-ion battery value chain
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STAGE 1 MINING AND REFINING

CCccce

Sourcing of raw materials is the first stage of the battery supply chain.

The world’s mine production of several key minerals for Li-ion batteries tends to be concentrated
in a few countries as observed in Table 1. In 2018, DRC produced 70 per cent of the world’s cobalt;
Australia produced 62 per cent of lithium (followed by Chile with 18 per cent and Argentina and
China both with 7 per cent); South Africa produced 30 per cent of manganese; China produced

68 per cent of graphite.?® Table 2 illustrates the production share, total production, location

of reserves, location of resources and total estimated resources for the key minerals used to
manufacture batteries.’

Table 1 Production, reserves and resources of key minerals

Mineral Production share Total Production Reserves Resources Total estimated
2018 2018 world resources
Lithium Australia 62%, 95,000 tonnes Chile 52%, Bolivia 26%, 80 million tonnes
Chile 18%, China 7% Australia 17%, Argentina 21%, Chile
Argentina 7%, Argentina 10%, 11%, Australia 8%,
Canada 3%, China 6%, Canada 2%, China 6%
Zimbabwe 2%, Zimbabwe 1%
Portugal 1%
Cobalt DRC 70%, Russia, 4%, 148,000 tonnes DRC 51%, Australia Vast majority in DRC 25 million tonnes
Australia 3%, 17%, Cuba and Zambia. (terrestrial) and
Philippines 3%, 7%, Russia 4%, 120 million
Canada 2%, Cuba 2% Philippines 4%, (oceans floor)
Manganese South Africa 31%, 18,900 tonnes South Africa South Africa 74%, Large and
Australia 18%, 32%, Ukraine Ukraine 10% irregularly
Gabon 12%, 17%, Brazil 17%, distributed.
Ghana 7%, Brazil 7%, Australia 12%
China 6%
Nickel Indonesia 25%, 2,400,000 tonnes Indonesia 24%, >117 million
Philippines 14%, Australia 22%, tonnes
Russia 14 %, Brazil 12%, Russia 8%

New Caledonia 9%,
Canada 7%

Graphite China 62%, 1,120,000 tonnes  Turkey 30%, >725 million
(natural) Mozambique 9%, China 24%, Brazil 24%, tonnes (inferred)
Brazil 8%, Mozambique 8%
Madagascar 4%,

Canada 3%,

Source: Compiled by SOMO with data from USGS Minerals Commodity Summaries 2020.%

i Resources refer to the amount of the mineral in the earth’s crust, while reserves refer to the amount of resources that could
be economically extracted at a particular moment. ‘Mineral Commodity Summaries 2020," USGS Unnumbered Series,
Mineral Commodity Summaries 2020, Mineral Commodity Summaries (Reston, VA: U.S. Geological Survey, 2020),
https://doi.org/10.3133/mcs2020.

16
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STAGE 2 CELL COMPONENT MANUFACTURING
CATHODE, ANODE, ELECTROLYTES, SEPARATORS

In stage 2 of the value chain, each of the different components of the Li-ion battery is manufactured,
namely the cathode, anode, electrolytes and separators.

Asian companies dominate the manufacturing of cathode active materials and anodes. By 2019,
61 per cent of the cathode materials for EVs were produced by Chinese companies as well as 83 per
cent of the anodes.®

Table 2 details the revenues and the regional production distribution of the different cell components
for the Li-ion battery market in 2015 and 2019 evidencing a growing concentration by China.

Table 2 Revenues and production distribution of the different cell components

Cell components Market Demand Revenues Production Production
for Lithium batteries in US$ Distribution Distribution
2018 2018 2015 2019
Cathode materials 313,000 tonnes B$7.2 China 39%, China 61%
Japan 19%,
EU 13%,
South Korea 7%,
other 22%
Anode materials 200,000 tonnes B$1.8 No information China 83%
Electrolyte 1,972,000 tonnes B$2 China 60%, No information
Japan 18%,
Korea 7%,
UsS 7%
Separators 2500 mm? B$1.8 Japan 48%, No information
China 17%,

Korea 10%

Source: SOMO taken from various sources.?*

According to industry analysts the market value of cathode materials will grow significantly from
US$7 billion in 2018 to $58.8 billion in 2024.

17
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STAGE 3 CELL MANUFACTURING

A Li-ion battery cell is a single electrochemical unit composed of the electrodes, a separator and
the electrolyte. In stage 3, the different cell components are assembled into a single battery cell.

Chinese companies are the undisputed leaders of Li-ion battery cell manufacturing. In 2019, Chinese
players concentrated 73 per cent of cell manufacturing, followed by North Americans (10 per cent)
and Europeans (6 per cent).?

By the end of 2020, the world’s top 5 Li-ion battery cell manufacturers in terms of capacity are CATL,
LG Chem, Samsung, Panasonic and BYD as shown in Table 4 (including main factories and clients).?

Table 3 The world’s biggest cell battery manufacturers by production capacity

Company Forecast capacity  Key factories Key clients
in GWh

end of 2020
LG CHEM 93  Wroclaw, Poland Volkswagen, General Motors, Ford,
(Republic of Korea) Holland, Michigan, US Geely (Volvo), Renault, Nissan,
including joint Nanjing, China Hyundai, Kia, Tesla and others
ventures Ochang, Korea
CATL 110,1 Ningde, China Geely (Volvo), BMW, Daimler,
(China) Thuringia, Germany (announced) Volkswagen, Toyota, Honda, Nissan,
including joint Guangzhou (announced) other Chinese manufacturers
ventures Jiansu, China
BYD 60  Qinghai, China BYD, Toyota
(China) Shaanxi, China (announced)

Chongging, China (announced)
Shenzhen, China
Huizhou, China

Panasonic 69  Nevada, US Tesla, BMW, Toyota
(Japan)i Various locations, Japan
Dalian, China
Samsung 62  Xian, China BMW
(South Korea) Ulsan, South Korea

Géd, Hungary

Source: SOMO based on various sources.®

ii Includes Tesla's Gigafactory Nevada (@37 GWh), which is operated by Panasonic, however all of the production goes to
Tesla. Tesla is currently operating an 10 GWh pilot plant in Fremont, California.

18



Four out of five of the largest Li-ion battery factories are located in China. The biggest factory is
Tesla Gigafactory 1 in Nevada. Table 4 shows the world’s biggest battery factories by production.

Table 4 The world’s biggest battery factories by production capacity, 2019

Owner Location Country Capacity in GWh
Tesla Gigafactory 1, Nevada us 37
LG Chem Nanjing 1 China 28
CATL Ningde China 24
CATL-SAIC Liyang China 20
CATL Liyang China 15

Source: SOMO based on information from the Benchmark Minerals Intelligence.®'

The number of factories that are planned to be constructed in the next 10 years has increased
enormously spurred by the EV boom. At the end of 2019, 115 new lithium battery megafactories
were planned around the world compared to 63 in December 2018.72 While China, with 88 out of
the 115 factories in the pipeline, is expected to continue to be the leader in terms of capacity for
the next 10 years, Europe has the highest growth rate with 14 megafactories in the pipeline and
an estimated capacity of 348 Gwh by 2029. The EU is investing significantly in developing a whole
Li-ion battery value chain within its territory (see Chapter 2.2).

iii  Battery megafactories is a term coined by Benchmark Mineral Intelligence and refers to factories with an annual capacity
of more than 1 GWH. It is equivalent to the term gigafactory used by Tesla.
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STAGE 4 BATTERY PACK ASSEMBLY

A battery pack is a set of interconnected cells. The battery pack includes wirings, sensors and the
housing. The battery of an EV is expected to reach 40 to 50 per cent of the total cost of an EV.3
Almost all car manufacturers (a notable exemption is General Motors) keep the design and assembly
of the battery pack in-house. In some cases, the assembly of battery pack is done by a joint venture
or a company whereby the car manufacturer has a stake. Table 5 shows the type of battery pack
assembly (i.e. in-house, outsourced or joint venture) for different car manufacturers, as well as some
of their key suppliers of cells.

Table 5 Battery pack manufacturing

Car manufacturer Battery pack manufacturing Supplier of cells

Tesla In-house Panasonic

GM QOutsourcing LG Chem

BYD In-house BYD

BMW In-house Samsung SDI

Mitsubishi In-house (through a joint venture named Lithium Energy Japan)  Not available

Nissan In-house Envision AESC

Renault In-house (in collaboration with LG Chem) LG Chem

Daimler AG In-house Buys cells in the global market

Volkswagen In-house and joint venture with Northvolt AB LG Chem, Samsung SDI, CATL
(production planned for 2023)

Hyundai Outsourcing LG Chem and SK Innovation

Toyota In-house for hybrids CATL, BYD, Panasonic

Joint ventures with CATL, BYD and Panasonic

Source: compiled by SOMO from various sources.*

Other battery pack manufacturers based in Europe include: Kriesel Electric GmbH (AT), Johnson
Matthey Battery systems (UK), Continental (DE), BMZ (DE), Dow Kokam (FR) and Samsung SDI.3*
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STAGE 5 ELECTRIC VEHICLE MANUFACTURING

In this stage, the Li-ion battery pack is mounted into the vehicle. Major auto manufacturers are
significantly increasing their investments to develop their EV portfolio and increase EV market
penetration. By early 2019, automakers had announced more than $300 billion in investments in
the EV environment. These investments were led by Volkswagen ($91 billion) followed by Daimler
($42 billion).3¢ The main car manufacturers in terms of EV (unit) sales are shown in Table 6.

Table 6 Top 10 EV Car manufacturers’ sales

Car manufacturer Sales in units, Jan-Nov 2019
Tesla (US) 304,841
BYD (China) 208,526
BAIC (China) 124,011
SAIC (China) 122,812
BMW (Germany) 117,932
Nissan (Japan) 74,940
Geely (China) 73,699
Volkswagen (Germany) 71,002
Hyundai (South Korea) 65,193
Toyota (Japan) 51,259
Total 1,162,956

Source: InsideEVs®

EV production and sales have boomed in the last few years. In 2019, more than 2.1 million electric
vehicles were sold.*®" This is a small fraction of the total 92.8 million vehicles produced in the same
year.®? However, EV sales grew 40 per cent in 2019 alone. EV sales are predicted to reach 26 million
units in 2030 and 54 million by 2040.4°

With 1.06 million units sold in 2019, China remains the biggest EV market, followed by Europe
(561,000 units) and the US (327,000 units).*'

iv. Sales data is used as a proxy of production as no publicly available data of the latter could be found.
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STAGE 6 RECYCLING

Recycling of batteries is still limited due to a series of factors including recycling costs, limited
volumes of batteries, recycling efficiency limitations, differences in battery design, types and
chemistries, low collection rates and lack of recycling infrastructure. Furthermore, some recycling
techniques do not recover all of the metals and the recycling itself may present social and
environmental impacts such as chemical hazards, intense energy use and greenhouse emissions.

Until recently recycling of lithium batteries has focused on recovering cobalt due to its high value
and favouring recycling techniques that fail to recover aluminium, lithium and manganese. There are
no official statistics of global recycling volumes of lithium batteries. However, studies indicate that
currently fewer than 5 per cent of end-of-life batteries are recycled.*
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2 Key developments in the battery
value chain

In this chapter we identify the key players and initiatives that are pushing for the mass adoption

of EVs. We begin by examining the European Battery Alliance and the Global Battery Alliance, two
of the most important public-private partnerships at European and global level, respectively. After
that, we identify the key corporate players investing in the European battery value chain as well as
the type of projects in which they are investing. We also highlight examples of public funding being
used to support the development of the European value chain. Finally, we discuss recent trends in
the battery value chain whereby corporate players from different segments of the value chain are
strengthening ties among themselves, for instance in the form of long-term supply agreements, joint
ventures or alliances between mining companies and car manufacturers or battery manufacturers.

2.1 Public-private initiatives supporting the development
of the battery value chain

European Battery Alliance

The European Commission (EC) has identified the battery value chain as strategic due to its market
value potential, its importance for a competitive industry and its role in the clean energy transition.*?
Since batteries account for a high proportion of cost of an EV (40 to 50 per cent), Europe aims to
retain as much as possible of such added-value within its territory and protect its manufacturers from
shortages and dependency on battery cell imports.*

The European Battery Alliance is an industry-led cooperative platform launched in October 2017 by
the EC. The platform brings together the EC, EU countries, the European Investment Bank (EIB) and
industrial and innovation actors with the goal of creating ‘a competitive manufacturing value chain
in Europe with sustainable battery cells at its core’.*®

This is an ambitious project, considering that currently Europe has no industrial capacity to mass
produce battery cells nor sufficient access to the essential raw materials.* In 2019, the European
share of global battery cell manufacturing was only 6 per cent, which reflects the extent to which
European car manufacturers are outsourcing their battery cell manufacturing to Asian battery powers
in China, Japan and South Korea.#

In 2018, within the framework of the European Battery Alliance, the EC (working closely with industry
and Member States) developed a Strategic Action Plan on Batteries.*® The Strategic Action Plan
states that the 'EU should therefore secure access to raw materials from resource-rich countries
outside the EU, while boosting primary and secondary production from European source’.*” According
to the plan, the EU will use trade policy instruments to guarantee ‘access to raw materials in third
countries and promote socially responsible mining’.>
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The support that the EC (including through the European Battery Alliance) is giving to the
developing of a Li-ion battery value chain in Europe signals at least two important changes

in European industrial policy. First, a change from open market to direct government support
to industry or state targeted industrial policies.>' Second, a change from a ‘sectoral approach
of industry’ to a ‘value chain focus’.>?

Declaring the Li-ion battery as ‘strategic’ opens the door to justify exceptions to existing market
rules, for instance permitting exemption for state-aid (see, for example, the Important Projects of
Common European Interest Framework in section 2.2). A more permissive approach to state aid for
businesses in the battery value chain is precisely what the European Economic and Social Committee
(EESC) is recommending to the EC in the 2019 progress report of the Strategic Action Plan. In this
progress report, the EESC calls the EC to ‘adopt a flexible and supple approach to the investment
aid that Member States grant to businesses in these chains’.>® Such changes in policy can also be
understood as a reaction to ‘America First’ protectionist policies (or its European equivalent) and

to counteract Chinese geopolitical rivalry.

European policies toward Li-ion battery self-sufficiency have already succeeded in attracting public
and private investments for the expansion of production in the region. EBA 250 was created

as the industrial development programme of the EBA and it is led by EIT InnoEnergy. More than
260 industrial and innovator actors have joined EBA250 from all segments of the battery value
chain, announcing consolidated private investments of up to €100 billion.>

Global Battery Alliance

In 2017, the Global Battery Alliance (GBA) was launched under the auspices of the World Economic
Forum.>® The Global Battery Alliance is a public-private partnership composed mostly of businesses
(from the mining, chemical, battery and car industries) and to a much lower extent of public and
international organisations and civil society groups.

The Global Battery Alliance has done research and modelling on the economic value that could
be created by scaling up the development of the Li-ion battery value chain.> According to their
base case scenario (described as a ‘scenario of unguided value chain growth’), the Li-ion battery
value chain is estimated to generate more than US $300 billion of revenues by 2030, compared
to US$39 billion in 2018.% Interestingly, the lion’s share of such revenues are captured by cell
manufacturing ($ 137 billion or 46 per cent), followed by refining (25 per cent), battery pack
manufacturers (16 per cent), cell component manufacturing (active materials) (8 per cent), reuse
and recycling (4 per cent) and finally mining (3 per cent). The amount of revenues that would go
to workers, local governments and communities is not mentioned.

The Global Battery Alliance also presents a target case, which — through a series of interventions
— aims to increase the demand of Li-ion batteries by 35 per cent (as compared to the base case),
driven by further reducing Li-ion battery costs by 20 per cent. According to their predictions, the
target case would represent an increase of economic value of the Li-ion battery value chain of
$130-185 billion.*® Under the target case, $110-130 billion (representing 70-84 per cent of the
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total Li-ion battery value chain economic value) would be captured by only one segment of the value
chain: application use and service.

Table 7 shows the estimated earnings (in billion US) per value chain stage for both the GBA base
case and target case.

Table 7 Battery Value chain economic value in 2030 (Global Battery Alliance)

Stage of the value chain Base Case Target case

US$ billion earnings US$ billion earnings

Mining Stage 1 2-3 3-4

Refining Stage 1 5-8 6-11

Cell component manufacturing Stage 2 1-2 2-3
(active materials)

Cell manufacturing Stage 3 9-16 12-20

Battery pack assembly Stage 4 3-5 4-7

Application use and service (Equivalent in part to) Stage 5 50-65 110-130

Recycling Stage 6 ~1 ~1

Source: Developed by SOMO based on the Global Battery Alliance report A Vision for a Sustainable Battery Value Chain in 2030.%

In both cases, clearly the main recipients of the economic benefits are upstream multinational
companies focused on mass producing Li-ion battery cells and EVs. In contrast, the earnings of
recycling companies would be less than US$ 1 billion. Such scenarios also show that there would
be an unequal distribution of economic benefits along the Li-ion battery value chain. Finally, the
economic benefits for workers, communities or resource-rich countries are not even estimated.

The Global Battery Alliance is also developing a Battery Passport, which they propose will
serve as a quality seal of batteries which will share relevant information about its sustainability
including ‘all applicable environmental, social, governance and lifecycle requirements based
on a comprehensive definition of a “sustainable” battery’.®

2.2 Increased investments in the European battery value chain

To compete with China’s grip on the value chain and to reduce dependency, Europe wants to

move fast and invest hard in developing a European battery value chain. Supported by the EC

and by industry players, major projects are currently underway, including plants for producing cell
components and battery cells. European, Asian and North American players are investing in Europe,
including giants such as LG Chem, Samsung, BASF, CATL, Daimler, VW and Tesla, among others.
For this section, we will focus on cell component manufacturing and battery cell manufacturing,
segments with the largest investments in Europe along the battery supply chain.
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Cell component manufacturing

Within the European battery value chain, it is relevant to highlight two companies for the production
of cathodes: German company BASF and Belgian company Umicore. Given the expanding market,
both companies are investing in production capacity: BASF in Finland and Germany, and Umicore in
Finland and Poland.¢’

Umicore’s cathode materials are primarily developed for NMC batteries, but are also used in
NCA batteries.®? Umicore has signed long-term supply agreement with LG Chem and Samsung SDI
to supply NMC cathodes materials.®®

BASF produces both NMC and NCA cathode active materials.®*

Battery cell manufacturers

In the EV value chain, the distance between the production of battery cells and packs, and battery
and car assembly plants, is important due to transportation costs and greater certainty of the supply
chain. For this reason, and the size and growth of the battery market, top international battery
manufacturers are committing big investments in Europe. Forecasts estimate that Europe will

reach a battery capacity of 207 Gwh by 2023, which will likely be insufficient to cover regional EVs'
batteries demand, expected to be around 400 Ghw by 2028.¢

CATL is building one of Europe's largest battery cell production plant in Germany with an initial
capacity of 14 GWh by 2020 and with possibility to expand to 24 GwH in the future.®®

BYD is already producing batteries for electric buses in Hungary and France.

South Korean companies are also investing in Europe. LG Chem plans to increase their battery
cell production in Poland from 15 GWh to 65 GWh by 2022.¢” Samsung SDI has been investing in
increasing its battery production in Hungary since 2017. SK Innovation has announced significant
investments to expand its battery production capacity for the EV market. It supplies Volkswagen
(VW) with Li-ion battery cells in the US and it is constructing two factories in Hungary to compete
in the European battery market.® SK Group controls SK Innovation Co., Ltd., which in turn is the
second largest shareholder of Lingbao Wason, a top Chinese copper producer. Lingbao Wason
also has a long-term supply contract with global EV manufacturers, including CATL.%

Tesla is currently building a gigafactory in Berlin calling it ‘the most advanced high-volume electric
vehicle production plant in the world’ and with production expected for 2021.7°

SAFT (owned by Total) and PSA Group are planning to construct two battery factories in Germany and
France. Each factory would have an initial production capacity of 8 GWh, expandable to 24 GWh.”!
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In focus: Northvolt
Swedish company Northvolt, has declared two ambitious goals: ‘develop the world’s greenest
battery cell and establish one of Europe’s largest battery factories’.”?

Northvolt is currently constructing a big plant named Northvolt Ett (meaning ‘one’ in Swedish) in
Skellefted close to the Arctic Circle whereby active materials will be produced, cells assembled and
recycling will take place. The plant aims to be operational by 2021 producing 8 GWh per year and
expanding to 32 GWh by 2024.7% Northvolt already has a battery assembly facility located in Gdansk,
Poland.

In 2019, Northvolt and Volkswagen entered a joint venture to construct a second battery factory
in Germany with a capacity of 16 GwH and expected start of operation by end of 2023.74

By mid-2019, Northvolt had obtained $ 1 billion in equity capital to construct the plant including
investments by Volkswagen and BMW.”> Northvolt has already sold a substantial part of their
expected production to car manufacturers.

Northvolt's production strategy is vertically integrated by bringing most of the value chain in-house
including production of active materials, electrode manufacturing, cell assembly, module assembly
(pack) and recycling. Procurement of raw materials remains to be outsourced.”

Summary of key players along the battery value chain investing in Europe

Confidence in the expansion of the European battery value chain has attracted manufacturers from
across the globe, as summarised in Table 8 on the next page.

EIB loans, EU budget and state aid supporting the development
of the European battery value chain

The European Investment Bank (EIB) is playing an important role in financing the development of
the European battery industry through loans. From 2010 to 2020, the EIB financed battery projects
worth €950 million and offered support of €4.7 billion of overall project costs. In 2020 alone, the
EIB committed to further finance more than €1 billion euros for battery projects. Considering all
the projects that have been approved or are currently being appraised, the EIB is financing a total
battery production capacity of approximately 51 GWh.”” Table 9 on page 29 shows some examples
of key projects financed by the EIB.
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Table 8 Summary of Investments in the European EV Battery value chain

Company Location Plant type Production  (Planned) Annual
start capacity. Different
units used.
Finland NMC precursors for cathodes 2022 For 300,000 EVs
Germany Cathode active materials 2022 (For 400,000 EVs)
Finland NMC precursors for cathodes 2020 Not available
Poland Cathodes 2020
Poland Li-ion Electrolyte 2020 For 1 million EVs
Finland NMC precursors for cathodes 2021 Not available
Poland Battery cells 2018 15 GWh
(expandable to
65 GWh by 2022)
Hungary Battery cells 2018 1.2 to 4.8 million cells
Battery cells 2030 (216 million cells)
Hungary Battery cells 2019 7.5 GWh
Battery cells 2022 (9.8-16 GWh)
Germany Battery cells 2022 14 Gwh
(expandable
to 24 GWh)
France Battery cells 2023 8 GWh
(expandable
to 24 GWh)
Germany Battery cells 2024 8 GWh
(expandable
to 24 GWh)
Sweden Battery cells, including cathodes, 2021 8 GWh
electrodes, plus battery packs assembly
2024 (32 GWh)
Germany Battery cells 2024 (16 GWh)
Germany Battery cells, refinery and R&D for 2025 (3 GwH)
3D-printing battery manufacturing.
Germany Battery pack assembly 2012-2020 500,000 packs
(2 operational)
3 Battery pack assembly Not available
(3 planned)
Poland Battery pack assembly Not available
United Kingdom Battery pack assembly 2020 150,000 packs
Germany Battery cells, battery pack assembly 2021 (500,000 EVs)

and EV production

Source: SOMO, compiled from various sources.”
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Figure 4 Companies (planning) investing in the European EV Li-ion Battery value chain
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Table 9 Key battery projects financed by the European Investment Bank

Date Grantee Amount Project description

November 2017 Northvolt AB €52.5 million Construction and operation of a facility
producing battery cells in Sweden

June 2020 Umicore €125 million Construction of facility producing cathodes
in Poland

March 2020 LG Chem €480 million Construction of facility producing cells and

batteries in Poland

July 2020 Northvolt €350 million Construction of a battery gigafactory in Sweden

Source: SOMO based on data from the European Investment Bank.”?

EU budget is also being used to fund research and innovation battery projects. For example,

the EU Research and Innovation programme Horizon 2020 granted €1.34 billion to projects related
to energy storage and for low-carbon mobility from 2014 to 2020. In 2019, Horizon 2020 launched
a further call of €114 million to fund research and innovation battery projects, which was followed
by an additional call in 2020 of €132 millions.®

Finally, state aid is also being used to support battery-related projects in Europe. In a recent
example, the EC approved €3.2 billion of state aid in seven countries to support battery projects
along the entire battery value chain based on the Important Projects of Common European Interest
(IPCEI) framework. Large corporations will be the recipients of such state aid, including BASF,
Umicore, BMW, Varta and Enel, among others.®' In another example, in 2020 SAFT (owned by Total)
and PSA requested €1.3 billion in public funding from France, Germany and the European Union.®?

As mentioned in Section 2.1, when it comes to supporting the battery value chain (for instance
through the European Battery Alliance, EIB loans, allocation of EU budget for R&D and State-aid),
the EC (and some members such as France and Germany) are shifting from an industrial policy
based on open market and direct competition to a policy allowing for much greater intervention

of government in supporting business investments. As state aid involves taxpayers’ money, it is
important that the general public is not only aware but also supportive of the allocation of these
funds. In order to make an informed decision, the general public requires transparency and enough
information about the incumbent projects and their implications for human rights and the
environment across the entire value chain.
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2.3 Strengthening of corporate alliances in the battery value chain

Increasingly, the players along the Li-ion battery value chain are forming alliances and business
partnerships to guarantee long-term supply and to collaborate on research, production and sales
of batteries and EVs. Car and battery manufacturers are signing long-term contracts among them
and with mining companies. The following are a few key examples:

The Renault Nissan Mitsubishi alliance, dating back to 1999, collaborates in many areas including
electrification and mobility services. While this alliance doesn’t include battery manufacturers, they
have invested jointly in emerging companies developing battery technologies.®

In 2018, Geely formed a joint venture with CATL (CATL Geely Power Battery) for ‘research and
development, production, and sales of batteries, battery modules, and battery packs'.?* The
following year Geely partnered with LG Chem to produce and sell batteries in China.®

In June 2019, Volkswagen partnered with Northvolt in a 50/50 joint venture in order to build a
lithium battery factory in Germany with planned production for the end of 2023. In return for its
investment, VW acquired 20 per cent of the shares of Northvolt and secured a spot in the Supervisory
Board, evidencing the tightening of power relations among the battery value chain players.%

In July 2019, Toyota and CATL announced a ‘comprehensive partnership’ to collaborate beyond
the supply of lithium batteries and into development of new battery technologies in addition to
reuse and recycling.?” In February 2020, Toyota and Panasonic announced a joint venture (Prime
Planet Energy & Solutions, Inc.) to further develop and sell prismatic batteries for cars (not only for
Toyota).®® A month later, Toyota and BYD formed a joint venture (BYD Toyota EV Technology) to
focus on research and development of EVs.®

In November 2019, BMW signed long-term supply contracts with both CATL and Samsung SDI.
BMW also announced that it will source cobalt and lithium directly from mining companies in
Australia and Morocco and provide it to CATL and Samsung SDI.?® Connected with this, BMW
signed a long-term supply agreement with Ganfeng Lithium Co., Ltd. for the supply of lithium from
Australia.” Finally, in June 2020, BMW and Northvolt signed a €2 billion long-term supply contract.®?

In June 2020, Tesla signed a deal with Glencore to source cobalt for its batteries.” According
to recent media reports, Hyundai, LG and chemical producer POSCO are negotiating an EV
manufacturing joint venture.?

In early 2020, recycling company Fortum, chemical producer BASF, and the mining and refining company
Nornickel have signed in a letter of intent to collaborate in developing a recycling facilities in Finland.”

Such partnerships signal that downstream companies (such as Lithium-ion battery and EV manu-

facturers) could set up human rights and environmental standards for suppliers in binding contractual
agreements or even make their sourcing conditional on complying with such standards.
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Figure 5 Corporate alliances in the battery value chain
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3 Soaring mineral demand increases
social and environmental impacts

3.1 Mineral demand predictions

There are many different predictions calculating mineral demand resulting from mass production of
EV batteries. Below and in Table 11 we include predictions by the International Energy Agency, the
Battery Alliance and Benchmark Mineral Intelligence that focus on forecasted mineral demand driven
exclusively by batteries (and not by other technologies such as solar and wind) and within the next
10 years (which is important due to rapid technology developments).’

The International Energy Agency (IEA) has analysed two scenarios of predicted mineral demand

for EV batteries. The IEA's Stated Policies Scenario is based on existing and announced policies and
regulations and the IEA’s Stated Policies Scenario is based on campaign goals whereby EV sales
reach 30 per cent by 2030.%

According to the IEA's Stated Policies Scenario, demand for minerals for EVs batteries will grow as
follows (2018 vs 2030): 19,000 tonnes to 180,000 tonnes for cobalt; 17,000 tonnes to 185,000 tonnes
for lithium; 22,000 tonnes to 177,000 tonnes for manganese and 65,000 tonnes to 925,000 tonnes
for class 1 nickel.”

The Global Battery Alliance also analyses two scenarios of mineral demand for EV batteries: a base
case, based on ‘unguided value chain growth’, and a target case which aims to scale up battery
production even more." Under the base case, from 2018 to 2030 demand for cobalt grows 2.1-fold
reaching 274,000 tonnes; demand for lithium grows 6.4-fold reaching 275,972 tonnes;"" demand for
nickel Class 1 demand grows 24-fold reaching 1,061,000 tonnes and demand for manganese grows
1.2-fold reaching 22,600 tonnes.”

Under the Global Battery Alliance target case, the demand for minerals grows 5 to 40 times more
than in the base case. For the Battery Alliance, the target case represents an ‘opportunity’ whereby
‘the mining industry needs to extract a volume equivalent to >300 Great Pyramids of Giza per year
in 2030’ and ‘a weight equivalent to >110K Boeing 787s (Dreamliners) is refined per year’.”

According to Benchmark Minerals Intelligence, demand for minerals for the production of Li-ion
batteries (for all applications and assuming operations at full capacity) will reach the following

v The World Bank takes a different approach and calculates mineral demand for a cluster of low-carbon technologies (solar
panels, wind turbines and batteries) for 2050. However, when it comes to lithium and graphite, battery storage accounts for
the entire demand in the World Bank’s report. The World Bank further notes that these projections may be conservative.
Kirsten Hund et al., ‘Minerals for Climate Action: The Mineral Intensity of the Clean Energy Transition," The World Bank,

2020, 112.
vi By afactor of 19 as compared to the base case.
vii 1,469,000 tonnes of lithium carbonate equivalent (LCE) equals 275,972 tonnes of lithium metal equivalent. Conversion

formula: 1 kg lithium metal equivalent (LME) = 5.323 kg lithium carbonate equivalent (LCE).
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quantities by 2029: 466,000 tonnes of cobalt; 484,313 tonnes of lithium"i; 1,849,000 tonnes of nickel
and 3,591,000 tonnes of graphite.'®

Table 10 shows a summary of the mineral demand predictions discussed above as well as the latest

available production data.

Table 10 Mineral demand predictions and recent production (in tonnes)

Mineral Production
2018

IEA Stated Policies
Scenario

EV batteries demand
in 2030

Lithium 95,000
Cobalt 148,000
Manganese 18,900
Nickel 2,400,000

(all nickel)
Graphite 1,120,000

185,000
180,000
177,000

925,000
(class 1)

Source: SOMO, compiled from various sources.’'

Global Battery Alliance Benchmark Minerals
Demand for batteries in Demand for Li-ion
transport, energy storage and batteries for all
consumer electronics in 2030 applications in 2029
275,972 484,313
274,000 466,000
22,600 379,000
1,061,000 1,849,000

(class 1 nickel)
- 3,591,000

While the above predictions differ, they all show that the mass production of EV batteries would
result in a staggering rise in demand for lithium, cobalt, manganese, nickel and graphite far
exceeding current production levels. This also confirms analysts’ views that, over the next decade,
mineral production shortages are likely to arise meaning there is not enough mineral production to
satisfy forecast demand of the Li-ion battery value chain.'® Furthermore, the price of these minerals
will have a significant impact on the production costs of Li-ion cells and thus on businesses and
policy ambitions pushing for mass uptake of EVs. This is particularly the case considering that the
production costs of Li-ion battery cells have dropped significantly in the last decades, reaching a
point whereby the price of the raw materials constitute a significant portion of its production costs.'®

It is also important to mention that other minerals are also required to produce Li-ion batteries, such
as aluminium and copper. BloombergNEF estimates that Li-ion battery demand in 2030 will result in
a 10-fold increase in demand for copper and a 14-fold increase for aluminium as compared to 2019.1%

The manufacturing of the rest of the EV, as well as the networks of charging infrastructure, will also
require vast amounts of minerals. While such minerals are out of the scope of this report, copper
offers an interesting example. While an internal combustion engine vehicle contains an average of
23 kg of copper, a plug-in hybrid electric vehicle contains 60 kg, a battery electric vehicle contains
83 kg, and an electric bus contains up to 369 kgs. A fast battery charger can contain up to 8 kg

of copper. The Copper Alliance estimated that the EV market will increase copper demand from
185,000 tonnnes in 2017 to almost 1.74 million tonnes in 2027. 1%

viii 2,578,000 tonnes of lithium carbonate equivalent (LCE) equals 484,313 tonnes of lithium metal.
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These predictions exclude the amount of water and energy that is required for this tremendous
amount of mining or the waste and emissions that will be generated. In the next section we will focus
on the social and environmental impacts that are associated with mining of key battery minerals.

3.2 Social and environmental impacts

As discussed in the previous section, the surge of battery production leads to a substantial increase
in demand for minerals. Predictions vary but they all anticipate a soaring rise in demand, which
would inevitably require more mining.

It is widely documented, that mining goes hand in hand with severe and widespread social and
environmental impacts.’®

For example, the Business and Human Rights Resource Centre’s Minerals tracker reports

167 allegations against 37 companies mining lithium, cobalt, copper, manganese and nickel for the
transition to low-carbon technologies.* The main number of allegations refer to (in descending order):
environmental impacts, access to water, health impacts, indigenous peoples’ rights, tax avoidance,
labour rights, deaths, free, prior and informed consent (FPIC), land rights and corruption.'”’

= o

Photo: Calma cine

ix  Of those allegations, 12 are related to lithium, 50 to cobalt, 26 to nickel and six to manganese
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In addition, the Environmental Justice Atlas documents hundreds of conflicts related to environ-
mental issues of extractive projects, including cases related to lithium (14), cobalt (22), manganese
(29) and nickel (54), among other minerals.'®

The mining sector is also linked to the highest number of attacks to human rights defenders. In 2019,
25 per cent of the attacks on human rights defenders documented by the Business & Human Rights
Resource Centre were related to mining.'” From 2002 to 2019, Global Witness documented

1,939 killings of land and environmental defenders. Of the total number of killings, 367 were related
to mining projects, making this sector the deadliest."’® According to Global Witness, the root cause
of such killings is often ‘the imposition of damaging projects on communities without their free, prior
and informed consent’ and such violence is being fuelled by development banks and other investors
that are ‘financing abusive projects and sectors, and failing to support threatened activists.”"""

Such extensive documentation of human rights abuses and environmental impacts related to mining
raises serious concerns signalling that a mineral boom due to the mass uptake of EVs will drive

an increase of such violations. Furthermore, such impacts are often being overlooked or ignored

by proponents of the mass uptake of EVs. A recent systematic review of 88 peer-reviewed journal
articles analysing the future demand of critical minerals found that little attention has been given
to the social and environmental consequences that would almost certainly accompany a growth in
metal demand. Most of the studies focus solely on predicting long-term demand, resulting in a lack
of knowledge regarding the question, "What are the socio-environmental implications of demand
growth?’ This leads to a neglect of the various risk factors that are likely to be worsened in parallel
with rising metal demand.’?

Below we present a non-exhaustive overview of social and environmental impacts related to the key
minerals needed to produce Li-ion batteries. This section relies on previous research by SOMO and
other civil society organisations and experts.

Lithium

Li-ion batteries are the key driver for lithium demand, accounting for an estimated 65 per cent of the
global end-use market." Currently lithium is being extracted either from hard-rock minerals or from
salt brines. Salt brine mining has lower costs but takes a longer time to process (8 to 18 months)
compared to hard-rock mining (less than a month)."*

Salt brine deposits are bodies of saline groundwater rich in dissolved lithium and other minerals.
Brine is pumped out to the surface and then evaporated in a series of ponds resulting in lithium
carbonate. Only highly concentrated brines are economically viable for mining, such as the ones in
Chile and Argentina, which are the world’s major producers of lithium from salt brines.

Spodumene is a mineral that contains lithium and is formed as crystals hosted by igneous rocks
(pegmatites). The hard-rock ore containing lithium is extracted from underground or open-pit mines
through conventional mining operations and then crushed and separated to produce a lithium
concentrate. Such lithium concentrate is then converted into lithium-based chemicals through a
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process that involves acid leaching. Australia is the world’s major producer of lithium concentrates
from spodumene.

Since 2017, hard-rock production exceeded brine production as Australia tripled its production.
Australia became the world's biggest producer, displacing Chile and Argentina to second and third
place respectively.'®

Chemical processing companies convert lithium carbonate, either from salt brines or from
spodumene, into lithium hydroxide, which is used to produce cathodes for batteries. Lithium
production is highly concentrated by a few companies, the biggest of which (by market
capitalisation) are Jianxi Ganfeng Lithium, Tiangi Lithium, Allbemarle, SQM and Livent.""

In 2018, most of world’s lithium production came from six hard-rock mines in Australia; four brine
operations in the lithium triangle (two in Argentina and two in Chile) and one hard rock and one
mineral mine in China (see Table 2).""7

Impacts

Lithium extraction in South America has been linked to negative impacts on water, indigenous
rights and local communities’ traditional livelihoods. While salt brines are located in water-scarce
areas, lithium mining requires vast amounts of water being pumped out. Impacts to the water
balance of the basin and salinisation of freshwater are major concerns.

In Argentina, research by Fundacién Ambiente y Recursos Naturales (FARN) showed that
communities were poorly informed about the potential impacts and haven't been meaningfully
engaged during consultations. Furthermore, according to the study, the State has been absent
during company-led consultations and has failed to provide sufficient information to local communities.
Often the only information available is that produced by the mining companies, which have a vested
interest in obtaining the social licence to operate. There is also a lack of understanding of cumulative
impacts, a serious concern considering the large number of projects under development.''®

In Chile, lithium mining operations have affected the rights and livelihoods of indigenous communities
(including the Lickanantay people) with violations to self-determination, FPIC, land and water rights.
The high intensity of water use has affected the water basins and the availability of the resource for
human consumption.

According to a recent report, for the production of lithium in Chile, Albemarle extracts brine at

a rate of 442 liters per second and freshwater at 23 liters per second. While SQM extracts brine
at 1700 litres per second and freshwater at 450 litres per second. Those two lithium mining
companies together with 2 copper mining companies (Minera Escondida owned by BHP Billiton
and Compania Minera Zaldivar) extract together 4,230 litres of fresh water per second, resulting
in a hydrological stress for the Atacama salt flats. The report also highlights that, in 2016, Chilean
authorities warned that 70 per cent of the country’s water was used for mining operations and

17 per cent for the agricultural sector, leaving only 13 per cent for human consumption.'?

X Both lithium carbonate and lithium hydroxide are used for batteries.
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In the spotlight: Olaroz — Cauchari, Argentina (Research conducted by FARN)
Lithium: Argentina - Right to Water, Community rights violations

Context: 21 per cent of the world’s lithium resources are located in Argentina, which
accounted for 7 per cent of global production in 2018.'2 In Argentina there are more than
40 projects in different phases. Government officials have welcomed the lithium boom with
little attention to the social and environmental impacts.

In 2019, FARN published a study on two of the most advanced lithium projects in Argentina
located in Olaroz-Cauchari salt flat (4,300 metres above sea level) — a fragile ecosystem,
home to 10 indigenous Atacama communities since ancestral times. It is a place with a lack
of fresh water resources to meet local demand. The study found serious concerns of local
communities with regard to lithium mining in connection with FPIC rights, water and envi-
ronmental risks, and power asymmetries.

FPIC and meaningful engagement: The study found that community members did not
know the mining project details or their implications, and that communications from the
company tend to be one-sided and difficult to understand. The good faith of companies is
questioned by respondents as company representatives only present positive impacts and
deny any risks to water or the environment. Information about risk factors and environmental
impacts is not disclosed. Information has not been presented in a suitable timeframe and

in a way that is understandable to the local communities. In contrast, it tends to be lengthy
and technical.

According to the interviews conducted in the study:

m 83 per cent expressed that the information provided by the companies was too
technical or too lengthy.

m 85 per cent were not consulted about how they wanted to receive information.

m 30 per cent did not received information from the mining companies.

Water and environmental concerns: Communities are highly concerned about the impact
of mining on water resources and the lack of feasible risk studies. Some community members
have reported lower water levels. Experts agree that there are crucial information gaps to
properly assess the impacts of lithium mining in the area. Experts warn of the potential
salinisation of fresh water of the aquifers. There is a total lack of cumulative impact assessments
analysing the different mining operations, a serious concern considering that water basins
may have subterranean links. The study found a serious lack of available hydrological studies

for authorities to assess the environmental impacts of lithium mining in Argentina. c
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FARN cites a member of the National Ombudsman’s Office who stated that ‘neither
provincial nor national authorities have conducted hydrological studies, or carried out
superficial or underground water monitoring. In addition, they have not identified areas in
which salt and fresh water co-exist, nor have they calculated the hydrological balance of
the watersheds in the area. The only information available is that provided by companies
and there is no baseline that can be used as a reference to identify eventual modifications
in the environment."'?'

Power asymmetries: While it is a State responsibility to implement the FPIC process and
protect communities’ participation rights, both the provincial and the national authorities
have been absent during the whole engagement process. This has generated power
asymmetries whereby the companies can negotiate directly with communities using their
economic power and their privately generated information.

Source: FARN, 2019, ‘Lithium extraction in Argentina: a case study on the social and environmental impacts.”'??

Cobalt

Cobalt is used to manufacture many different products. However, more than 60 per cent of cobalt
is used for producing lithium batteries.'?® Even though some manufacturers are exploring battery
chemistries with less cobalt content, demand is still predicted to rise sharply in the upcoming years.
See the projections in Chapter 3.1.

Approximately 70 per cent of the global cobalt production is now mined in DRC, where half of the
world’s resources are located. The largest cobalt producers in terms of both market capitalisation
and production volume are: Glencore, China Molybdenum, Vale and Gecamines.'®

Impacts

Both large-scale mining and artisanal mining of cobalt in DRC has been extensively linked to
widespread, grave and systematic human rights violations and environmental impacts. Large-scale
mining leads to recurrent violations including pollution, exposure of workers and communities to
toxics, sub-standard health and safety conditions, contributing to community conflicts and abuses
by security personnel. Artisanal mining in turn, which accounts for 20 to 30 per cent of production,
often involves working under dangerous and unhealthy conditions, child labour and unfair
compensation.'®

Miners and local communities face exposure to toxic metals and pollution derived from cobalt
mining. Research has documented the pollution of rivers due to mine discharges as well as community
exposure to noise, water and air pollution.'? In a forthcoming report of African Resources Watch
(Afrewatch) and PremiCongo, information is provided on soil and water contamination caused by
cobalt mining, on the basis of analyses of water and soil samples.'?” Exposure to dust containing
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cobalt particles is a cause of a severe lung disease (hard metal lung disease). Although cobalt is

a normal part of a person'’s intake (vitamin B12) and occurs naturally in the environment, too much
intake may affect the heart and the thyroid, cause asthma and skin issues. A recent medical study
published in the Lancet has linked birth defects to toxic pollution in Southern Katanga.'?®

Child labour in cobalt mining has been extensively documented. When mining is carried out by
children, it is considered one of the worst forms of child labour. Amnesty International and Afrewatch
documented children as young as seven working up to 12 hours, with no protective equipment at

all and carrying heavy loads in a research report in 2016.'2 Children are further exploited financially
and physically abused, including beatings and other forms of violence. A recent class action by
International Rights Advocates claims that children mining cobalt have died and been maimed

while multinationals (Apple, Google, Dell, Microsoft and Tesla) have allegedly aided, abetted and
benefitted from the situation.®

Eviction of communities and loss of livelihoods have been documented as a consequence of the vast
amounts of land and water used by mining operations. In some cases, communities are resettled to

areas without arable land or without water.'®"

Communities and artisanal miners report cases of excessive use of force by the DRC army and by
public and private security guards. For example, in June 2019 armed groups evicted artisanal miners
from the Tenke Fungurume Mine, property of China Molybdenum Company Limited (CMOC).
Amnesty's press release on the issue state that ‘According to African Resources Watch (Afrewatch)
and media reports, local residents said that soldiers destroyed housing and shelters in two villages,
which could amount to forced evictions contrary to international law. Afrewatch also reported that
soldiers had fired shots to disperse artisanal miners, and said it had received reports of casualties.’ 32

Poor health and safety conditions is a serious issue in cobalt mining and includes a lack of basic
protective equipment (facemasks, gloves, clothes), poor ventilation at mines and dangerous
structures that lead to health incidents and accidents. Local media has reported many fatal accidents
at unregulated artisanal mines resulting from poor construction or dangerous mining practices.?
For instance, in June 2019 in Kolwezi at least 47 miners were killed due to the collapse of a tunnel at
a mine operated by Glencore."* Furthermore, with no real bargaining power and a lack of sufficient
information, miners receive unfair compensation for their work and are not able to negotiate for
proper pay with traders.

As the government and large-scale operators have failed to create enough safe and regulated
Artisanal Mining Zones, some artisanal miners are compelled to trespass on industrial sites or work
on unsafe and unregulated areas with no safety measures.'®

More than two thirds of the population in DRC earns less than US$1.90 a day, making it one of

the poorest countries in the world — in stark contrast with the multinationals producing batteries,
electronics and automobiles.’In 2017, Amnesty International concluded that such companies have
failed to take adequate steps to mitigate human rights abuses and remediate harm in their cobalt
supply chain.'?
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Nickel

Nickel is a key metal for two of the most popular EV battery chemistries: NCA and NMC. Nickel
is likely to become even more important in the future as chemistries move away from cobalt.

Nickel ‘is a naturally occurring, lustrous, silvery-white metallic element. It is the fifth most common
element on earth and occurs extensively in the earth’s crust, although most nickel is inaccessible in
the core of the earth. Nickel does not occur in nature by itself but it is associated with cobalt or as
an alloy with copper, zinc, iron or arsenic. It occurs in nature principally as oxides (laterites), sulphides
and silicates.’’® Nickel is predominantly mined in Indonesia (25 per cent), Philippines (14 per cent),
Russia (14 per cent), New Caledonia (9 per cent), Canada (7 per cent), (see Table 2).'%

The top nickel producers in 2019 were Tsingshan Group, Norilsk Nickel (Nornickel), Vale, Glencore,
Delong and Jinchuan.™®

Impacts

Nickel mining is having enormous social and environmental impacts. The impacts of open-pit nickel
mining include: water pollution, damage to forests, land erosion (which further increases the risk

of floods) and biodiversity loss.

Nickel mining is also affecting the health of workers and communities around the world. According
to Greenpeace Research Laboratories, ‘the mining of nickel-rich ores themselves, combined with
their crushing and transportation by conveyor belt, truck or train, can generate high loadings of dust
in the air, dust that itself contains high concentrations of potentially toxic metals, including nickel
itself, copper, cobalt and chromium.’™*!

Nickel ‘at high concentrations poses a respiratory health hazard likely to cause cancer and is
also known to cause asthma, lung diseases, dermatitis and sensitivity in some people.’"? Nickel
sub-sulphide and oxidic nickel are the particular compounds related to respiratory cancer.

Indonesia has become the global leader in nickel production, including high grade nickel for

EV batteries. The boom of nickel mining in Indonesia is exacerbating conflict and violence. The root
of such conflict is related, in many cases, to concerns from local fisherfolk and farmers about
environmental impacts affecting their life, health and livelihoods.'*

A recent ban on exports of raw ores by the Indonesian government has resulted in a further concen-
tration of economic power on a few mining companies with enough capital to either own or invest in
local smelters as well as in an increase in foreign direct investment (mainly Chinese).’** The Indonesia
Morowali Industrial Park (IMIP) in Sulawesi has become the central hub of nickel processing and
smelting. However, nickel is also mined in other locations and provinces. The IMIP project is owned
by a Chinese-Indonesia joint venture between Shangai Decent Investment Group Co, Ltd. (part

of the Tsingshan Group) and Indonesia PT Bintangdelapan Group and received financing from

the China Development Bank and the Export Import Bank.' A recent report reviewing working
conditions at the IMIP industrial complex identified serious labour issues including a lack of collective
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labour agreements, coerced resignations, insufficient wages to satisfy basic needs and serious health
and safety concerns and accidents that have resulted in deaths, fatigue and anxiety.'*

In Wawonii, Sulawesi farmers and fisherfolk are protesting due to the impacts of nickel mining on
the forest and the sea affecting their daily subsistence and traditional livelihoods. In Obi, Makalu
fisherfolk and farmers claim that the coastal waters have been polluted by nickel mining.'*

It is also important to note that production of Nickel is energy intensive, generates high greenhouse
gas emissions and produces large amounts of toxic waste.'*® The smelting of nickel in Indonesia,
powered by coal plants, causes air pollution, which increase the risks of respiratory infections and
pulmonary tuberculosis, among other diseases.

Recently, mining companies in Indonesia asked for permission to dump their waste into the sea, in
one of the most biodiverse areas of the world."® Such practices of dumping nickel mining waste into
the sea is done in neighbouring Papua New Guinea. In 2019, a spill by Metallurgical Corporation of
China turned a bay red, affecting marine life.”™

The devastating impacts of nickel pollution can be seen in other countries as well. Norilsk, in
northern Siberia, has been rated as one of the world’s most polluted cities.”? Norilsk’s locals have
been exposed to air pollution containing heavy metals, sulphur dioxide and other particles due
to nickel and copper mining. This exposure has caused respiratory diseases as well as lung and
digestive system cancers. The soil too has been heavily polluted with copper and nickel.

The company Norilsk Mining has been heavily criticised for damaging the Artic by its mining, oil

and gas operations. In May 2020, the company was responsible for a major environmental disaster
whereby 21,000 tonnes of diesel spilled into a river in Siberia, threatening the Artic environment.'s
Despite Norilsk Nickel’s operations in the Arctic and causing a serious environmental disaster, major
investors such as ING and ABP have continued investing in the company. As a result, they have been
subjected to a campaign by Fair Finance Guide Netherlands ‘calling for an end to all investments in
companies that exploit raw materials in the Arctic, especially mining, oil and gas companies, and for
Norilsk Nickel to repair all the environmental damage caused by the oil spill’.’>

In the Philippines, in the province of Zambales, nickel mining operations have resulted in water
pollution. Nickel laterite — a nickel oxide — has contaminated water sources and spilled up to
30-nautical miles offshore. Land, river channels and coastal waters have been polluted by nickel
laterite, affecting rice paddies, rivers and fishponds.'® The commune has been losing millions of
dollars in income due to the impact of nickel mining on agriculture (i.e. mango and rice) and fishing.
Large areas of land have become infertile.

In another region, on the island of Palawan, acid drainage has polluted soil and water, resulting in

biodiversity loss, including a reduction of fish consumed by the communities. Nickel mining there has
also affected the health of workers and communities and led to displacement of communities.'®
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Graphite

Graphite is used for producing the negative electrodes in Li-ion batteries. According to analysts,
lithium batteries account for around 25 per cent of global demand for natural flake graphite.’”
Significant quantities of graphite are required in EV batteries, much more than any of the other
minerals. According to several sources, an EV lithium battery uses between 1 and 1.2 kg of graphite
per GWH.'8 Both natural and artificial graphite can be used to produce batteries. However,
manufacturers natural graphite has been preferred by manufacturers due to lower costs.’™

Natural graphite production is dominated by China, with more than 60 per cent, followed by
Mozambique with 9 per cent and Brazil with 8 per cent (see also Table 2).'¢° In the past, the low
cost of Chinese graphite has discouraged mining elsewhere. However, with demand soaring, new
graphite mining projects are being developed in countries including Mozambique, Madagascar
and Namibia.

In Cabo Delgado province in Mozambique, which hosts high-grade deposits, Australian mining
companies Triton Minerals, Mustang Resources, Battery Minerals and Syrah Resources all have
investment plans or ongoing projects.'' As an example, Triton Minerals has formed a strategic
partnership with the Chinese state-owned enterprise Jinan Hi-Tech group to begin construction
of the Ancuabe Graphite Project in 2020."¢2

Impacts

There is little information available on the impact of graphite mining in different parts of the world.

In 2016, the Washington Post visited mining sites at five towns in China. Graphite mining in China
has led to severe pollution affecting air, water and the crops of local communities. Polluted air affects
workers and communities who are suffering an increase in respiratory problems and their water has
become undrinkable.'® Exposure to graphite dust can cause serious diseases such as lung fibrosis,
occupational pneumoconiosis and heart failure.'*

Manganese

The primary use of manganese is in steel production (which accounts for about 90 per cent of annual
manganese demand), aluminium production and copper production.'

In the field of rechargeable Li-ion batteries, the use of manganese is increasing due to its
high-energy capacity, low costs and increasing stability. In rechargeable lithium batteries. manganese
can be used either as an oxide or as a sulphate, depending on the battery's chemistry.

For batteries, manganese is increasingly used in the form of manganese sulphate monohydrate
(MSM). High purity MSM (HPMSM) can be made from manganese ore or from high-purity electrolytic

manganese metal (EMM).

As NMC batteries dominate the market of EVs, demand for high-purity manganese metal and
high-purity manganese sulphate is expected to increase substantially.¢
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Most of the world’s manganese is produced by just a few countries: South Africa (31 per cent),
Australia (18 per cent), Gabon (12 per cent) (see also Table 2)'¢’

Impacts
Manganese is the 12th most abundant element on earth and occurs naturally in rocks, soil, water
and foods. Exposure to manganese, an essential nutrient in small doses, occurs via water, air, soil

and food.

Mining activities and production of steel are the main sources of anthropogenic manganese pollution.
Mining and processing manganese ores pose occupational risks, such as chronic manganese
poisoning.'® ‘The high toxicity of manganese has been well documented from numerous studies
performed on workers in the mining, welding, and ferroalloy industries, and in other occupational
settings with a high level of manganese exposure’.'®

The most common occupational illnesses due to manganese exposure ‘involve the nervous system.
These health effects include behavioral changes and other nervous system effects, which include
movements that may become slow and clumsy. This combination of symptoms when sufficiently
severe is referred to as “manganism”.""7°

Other health impacts resulting from chronic manganese exposure include impaired motor skills (such
as slowed hand movements), deficient cognitive performance, lung irritation (leading to pneumonia
in some cases) and loss of sex drive."!

Studies focused on children living in areas with high manganese exposure have found impacts on
brain development, behavioural change and cognitive deficits.'”? A study conducted in Ukraine
found significantly higher levels of impaired growth and skeletal deformities in children living in
manganese mining regions.'”®

In South Africa, mining-affected communities have associated manganese mining with air pollution,
environmental damage and health issues. Furthermore, women in South Africa reported experiencing
gender-based violence in connection with the development of mines as well as not benefiting from
the projects.”* One of the main concerns of the Maremane community in South Africa was the

dust resulting from mining operations, which in turn results in health impacts. Other claims by the
local communities included the lack of consultation, environmental damage, access to safe water,
pollution of water, noise and health issues."*

Manganese toxicity can also significantly affect the growth of crops on certain types of soils.

It is clear from the above examples that mining for all of the key minerals required for batteries
has been previously associated with serious and widespread social and environmental impacts.
A mobility transition based on increased mining raises serious concerns regarding the risk of
increasing and exacerbating such impacts.
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4 Strategies to address the social
and environmental impacts of EVs
and the battery value chain

In the previous chapters, it has become clear that — when it comes to passenger road transport —
the main proposed solution addressing the climate emergency focuses on mass adoption of EVs
powered by batteries. This solution is particularly supported by industry along the battery value
chain as well as by governments from the global north. Initiatives such as the Global Battery Alliance
are pushing to further scale up the production and consumption of EVs. Governments in the EU,

the US and China are incentivising the mass adoption of EVs, often backed with public money in

the form of subsidies, tax incentives and public loans. These initiatives portray EVs as a per se green
technology that will contribute to saving us from environmental collapse.

However, and as discussed in Chapter 2, the mass uptake of EVs as currently forecast by the Inter-
national Energy Agency (IEA), the Battery Alliance and expert analysts will result in an unprec-
edented and dramatic increase in raw material extraction. This raises serious concerns, particularly
for mining-affected communities and the rural areas where mining often takes place. Concerns are
based on copious evidence, such as that discussed in Chapter 3, documenting that mining is one
of the deadliest and most polluting industries in the world and is often associated with severe and
widespread social and environmental impacts.

Besides requiring soaring amounts of minerals, the Li-ion battery value chain (from mining

to manufacturing to recycling) also requires vast amounts of water and energy and generates
carbon emissions and waste. Existing life-cycle impact analysis of Li-ion battery production have
a myopic focus on CO, emissions, neglecting impacts on other important factors such as water,
land and biodiversity. A recent study by the International Resource Panel found that ‘90 per cent
of biodiversity loss and water stress are caused by resource extraction and processing’."7

Furthermore, despite electrification, the total number of vehicles on the road is predicted to
continue growing. BloombergNEF predicts that the total vehicle fleet will grow from 1.2 billion units
in 2020 to 1.4 billion in 2030 and reach 1.6 billion in 2040. From the predicted fleet of 1.6 billion
units in 2040, still around 1.1 billion units are internal combustion (ICE) passenger vehicles, which is
the same number of ICE units as in 2015."77 That would mean that, after more than 25 years, the total
amount of polluting ICE cars will not be reduced.

Mass adoption of EVs is, however, not the only solution when it comes to addressing the climate
emergency resulting from passenger road transport. A growing body of scientific evidence shows
that mitigating environmental impacts and reaching sustainability goals cannot be achieved without
reducing the total amount of raw materials and energy (throughput) that go into production

and consumption. '’
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In this chapter we focus on identifying other existing strategies to address the social and
environmental impacts of passenger road transport besides the mass uptake of EVs. The identification
of alternative strategies and perspectives is not exhaustive but rather exploratory with the aim

of informing public debate about the existence of different views and interests that needs to be
considered in policy and political discussions.

The strategies discussed pertain to reduction of private passenger cars, material efficiency (including
design, recycling and product lifetime extension) and environmental justice.

4.1 Reducing mineral and energy demand by having fewer cars
on the road

The production of Li-ion batteries requires minerals, water and energy and generates greenhouse
gas emissions. The more the material and energy throughput (driven by the amount and size of Li-ion
batteries), the larger the generated waste and emissions. Hence the importance of reducing the
amount (and size) of Li-ion batteries and cars on the road.

In 2018, IPCC scientists released the report A Low Energy Demand Scenario for Meeting the 1.5°C
Target and Sustainable Development Goals without Negative Emission Technologies. The Low
Energy Demand Scenario (LED scenario), besides looking at increasing the use of goods and
material efficiency in general, specifically analyses the mobility sector, proposing a move from private
ownership towards ‘usership’ and car sharing. According to the LED scenario analysis, ‘Increasing
vehicle occupancy by 25% and vehicle usage per day by 75% delivers the same intra-urban mobility
with 50% of the vehicle fleet.”"”? This would allow the halving of the total number of light duty
vehicles by 2050 to approximately 850 million. Furthermore, under the LED scenario, end-use energy
demand is reduced by 40 per cent by 2050 through a series of measures including industry reducing
its material outputs by 20 per cent.x

Using fewer cars to provide the same service would require fewer batteries and thus reduce the
minerals and energy demand and their related negative environmental impacts such as carbon
emissions and mining-related pollution.

Furthermore, in a recent report, the International Resource Panel (IRP) concluded that ride-sharing,
car-sharing and using smaller vehicles contribute the most to reducing life-cycle emissions of
passenger cars, as can be seen in Figure 3." Importantly, such strategies reduce both material and
energy demand for passenger cars.

xi  The scenario aptly differentiates between the global north, which would need to reduce the production of material goods
by 42 per cent, and the south, by 12 per cent. A novelty of the LED scenario is that it shows that the ambitious 1.5°C target
could be achieved by reducing the material throughput that goes into the economy without assuming future ‘negative
emissions technologies’, which are controversial and speculative in terms of viability, scale and CO, storage capacity.

46



Figure 3 Material efficiency strategies to reduce GHG emissions
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are for strategy cascades, i.e. implementing
one strategy after the other, therefore having
synergetic effects.

Source: IRP (2020). Resource Efficiency and Climate Change: Material Efficiency Strategies for a Low-Carbon Future.

Finally, degrowth theory that calls for a profound transformation of society and the economy
puts emphasis on a planned scaling down of the energy and material throughput of the economy
(production and consumption), especially of especially of high-income countries and consumers,
with the goal of increasing well-being and enhancing ecological conditions.'®"

4.2 Material efficiency strategies
(design, recycling and product lifetime extension)

In the above-mentioned report on resource efficiency and climate, the IRP assess the potential

of material efficiency strategies to reduce the greenhouse gas emissions of passenger cars. As used
by the IRP, material efficiency refers to using fewer materials to obtain the same level of well-being
for society. Material efficiency is measured by the ‘amount of service obtained per unit of

material use’.?

The IRP analysed the following material efficiency strategies: using less material by design (designing
smaller vehicles), material substitution, fabrication yield improvements and more intensive use of
material (including ride-sharing and car-sharing), enhanced end-of life recovery and recycling and
product lifetime extension.

Designing smaller vehicles and batteries results in a straightforward strategy to reduce minerals

and energy consumption. In this vein, the IRP report concluded that, besides a shift from private
ownership to ride- and car- share, the design of vehicles is a 'key point of leverage’ because it
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‘determines how much material they use, the energy used in their manufacturing and operations,
their durability, and their ease of reuse and recycling’.'®

The design of the Li-ion battery is very important for recycling. In particular the design of the cells
and the battery pack can influence the ease of recycling as well as determining the most suitable
recycling strategy. For example, if a battery module is difficult to disassemble and open then the
cells can't be easily accessed and the only option is to use a pyrometallurgy recycling process, which
requires high energy and is expensive and not efficient in recovering all active materials.8

Therefore, it is important that Li-ion batteries’ design is adapted towards easy dismantling as

‘the design of current battery packs is not optimized for easy disassembly... Many of the challenges
this presents to remanufacture, re-use and recycling could be addressed if considered early in the
design process. 1%

Manufacturers use different technical specifications to produce their batteries. The current wide
array of cathode chemistries (i.e. NCA, LFO, NMC), forms of battery cells (i.e. cylindrical, prismatic,
pouch), fixings and the ways cells are clustered in modules makes it very difficult to standardise
recycling processes and improve recycling efficiency.'®

Another constraint limiting recycling is the lack of proper labelling of the different chemistries of
all battery components, including the anode, cathode and electrolyte. Without proper labelling
recyclers are unable to determine the battery health, its components and the safety guidelines for
disassembling and recycling.

From the above, it follows that the standardisation of cells, modules and packs would facilitate and
increase recycling rates and efficiency. For example, the standardisation of lead-acid batteries has
resulted in simple recycling and disassembling processes, which reduces cost and increases recycling
rates and recovery.'” Rules mandating manufacturers to take back end-of-life Li-ion batteries,
through an extended producer responsibility scheme, could also incentivise them to standardise
battery design.'®

In addition, more attention is required for improving collection and recycling rates as well as the
recovery rates of minerals. According to an IISD report ‘less than 5 per cent of Li-ion end-of-life
batteries are recycled today’ while ‘approximately 99 per cent of lead-based car batteries are
collected and recycled in North America and Europe, making them the most recycled of any major
consumer product’.'®

Recycling of minerals is a strategy with important potential to reduce primary demand for the
production of batteries. A report prepared by the Institute for Sustainable Futures analysed the role
of material efficiency, substitution and recycling in reducing primary demand for EVs and battery
storage. The report concluded that ‘Recycling of metals from end-of-life batteries was found to have
the greatest opportunity to reduce primary demand for battery metals, including cobalt, lithium,
nickel and manganese."'?
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It is important to notice, however, that while recycling can reduce primary demand of minerals,
it will not be enough to satisfy predicted demand and there will be a delay in recycled minerals
becoming available.

Finally, developing more efficient recycling processes is essential to reduce the impacts of recycling
itself. According to life-cycle studies, ‘the application of current recycling processes to the present
generation of electric-vehicle LIBs may not in all cases result in reductions in greenhouse gas emissions
compared to primary production.”’”" Another scientific peer-reviewed study found that the recycling
of lithium from batteries with the current technology could result in up to 45 per cent more energy
consumption and 16-20 per cent higher emissions than primary production.’?

Also longer battery life results in less battery consumption and thus less energy and mineral demand.
It is important that policy-makers introduce binding rules mandating extended producer responsibility
for battery and car manufacturers. Such rules need to be clear in assigning financial and material
responsibility to the producers, including for cases of repurposing of batteries for second use and
that regulate for cases of future bankruptcy of producers. Legal requirements, establishing high
collection rates for batteries as well as high recovery rates, are important to accelerate recycling.

In the EU, the Battery Directive only requires the recycling of 50 per cent of the weight of a Li-ion
battery without distinguishing which raw materials are recovered or the resulting implications of
recycling on the environment.'”® An improvement to the EU Battery Directive could set up higher
recycling rates and introduce material-specific targets.'”*

4.3 Environmental justice perspectives

There is a different vision around how to address the social and environmental impacts of passenger
road transportation from organisations in both the south and north. Communities, activists, civil
society, researchers and environmental organisations offer different views on the impacts that would
result from mass uptake of EVs and present alternative solutions to address the climate emergency.
Such visions are based on different conceptual frameworks such as environmental justice, the right
to say no to mining, democratic decision-making and democratic-owned energy systems, human
rights, buen vivirx

In the lithium triangle, the Plurinational Observatory of Andean Salt Flats brings together indigenous
communities, environmental experts, academics and civil society organisations from Argentina, Chile
and Bolivia with the goal of protecting the salt flats, and its ecosystems and local communities, from
the lithium mining that is rocketing due to battery demand.'”® They are very critical about the EV
‘green transition’, which in their view is having profound negative impacts on local communities and
peasants and is creating environmental ‘sacrifice zones'. The Observatory calls for a public debate

to discuss alternatives to tackling the climate crisis based on principles of environmental justice,
democratic decision-making, buen vivir and human rights.'” In the words of one of the Observatory's

wxii  There is no single definition for buen vivir. The term offers a platform for alternative visions of development having its roots
in indigenous traditions in Latin America. Buen vivir focuses on achieving a good life in community, including nature. Eduardo
Gudynas, ‘Buen Vivir: Today's Tomorrow,” Development 54 (December 1, 2011), https://doi.org/10.1057/dev.2011.86.
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founders, ‘this vision would allow us to value communities and ecosystems, not as sources of mineral
resources, but rather for the wealth of their communal knowledge and biodiversity, thinking of the
regeneration of our relationship with water and nature as the starting point for a different transition.”’””

The Eco Social Pact, which has been signed by more than 60 organisations from different Latin
American countries and many individuals, is calling for a socio-ecological transition to an orderly
phase out not only of oil and gas but also of mining and supports a shift to ‘energy systems that
are decentralized, de-commodified and democratic, as well as collective, safe and good quality
transportation models’.’?®

In the US, the Climate Justice Alliance encompassing more than 70 rural and community based
organisations from the climate movement, including a few international organisations, have
developed a set of just transition principles to ‘shift from an extractive economy to a regenerative
economy’.'” According to the Climate Justice Alliance, a just transition involves a ‘set of principles,
processes, and practices that build economic and political power to shift from an extractive economy
to a regenerative economy. This means approaching production and consumption cycles holistically
and waste-free. The transition itself must be just and equitable; redressing past harms and creating
new relationships of power for the future through reparations.’?® Their principles are based on
environmental justice perspectives such as buen vivir, regenerative ecological economics, self-
determination, equitable redistribution of resources and power, to name a few.

Also in Europe, where more mining is also being promoted as part of the continent’s strategy on raw
materials, environmentalist groups and affected communities are opposing and raising concerns.?"
The European Environmental Bureau (EEB), a network of European environmental organisations, has
warned that the EC's raw material strategy is a ‘double-edged sword’ and calls for properly assessing
its social and environmental impacts. The EEB argues that Europe’s raw materials strategy should
rather focus on ‘reducing the use of limited resources and avoiding environmental disasters often
linked to mining such as deadly pollution, water shortages and the displacement of people’.22

Recently, in reaction to the EC Critical Raw Materials strategy, more than 230 civil society organisations
and academics expressed their deep concern to the EC raw materials strategy and called to ‘make
absolute EU Resource use reduction a priority’, ‘Respect EU communities’ Right to Say No to mining
projects’ and ‘End exploitation of third countries, particularly in the Global South, and effectively
protect human rights' and ‘Protection of “new frontiers”’ (such as deep sea mining).2®

The previous examples were discussed in order to show that different groups and movements are
uniting across borders and calling for profound transformations to address the climate emergency —
transformations that go beyond a mere change of vehicle technology. Such proposals call for a
profound social and ecological transformation involving consumption, production, business models
and people’s relationship with natural resources. Such examples are by no means comprehensive
but rather are mentioned to highlight the need for a more inclusive and profound debate

on the available solutions to address the impacts of passenger road transportation, which includes
the perspectives of those most affected by mining. Further research and debate is needed to assess
the impacts, influence, potential and viability of such proposals.
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5 Conclusions and recommendations

The aim of this paper was to discuss the social and environmental implications resulting from a mass
uptake of EVs. Extensive documentation shows that the social and environmental impacts associated
with the mining of key minerals (lithium, cobalt, nickel, graphite and manganese) for producing Li-ion
batteries are severe and widespread. The mass uptake of EVs would result in more mining and would
thus increase such impacts, which raises serious social and environmental concerns of transitioning
from a dependency on oil to a dependency on minerals for mobility.

These impacts are already affecting regions and communities where mining is increasing. It is
important to note that mining for such key minerals tends to be concentrated in a few countries
and regions. For instance, DRC, Australia and China each produce more than 60 per cent of cobalt,
lithium and graphite, respectively. A third of manganese is produced in South Africa while a quarter
of nickel comes from Indonesia.

In reviewing the battery value chain, we found that Asian players dominate the manufacturing of
both cell components and battery cells, whereby Chinese companies in particular are the undisputed
leaders. Chinese companies produce more than 60 per cent of the cathodes, more than 80 per cent
of the anodes and more than 70 per cent of battery cells. Furthermore, four of the five largest Li-ion
battery factories are located in China. Looking into the future, more than 110 new battery mega
factories are planned around the world, mostly in China but also a considerable number in Europe.

At the final stage of the value chain, recycling of batteries remains severely limited due to several
factors such as costs, differences in battery types, Li-ion battery design, lack of stock of end-of-life
EV Li-ion batteries and limited recycling infrastructure, among other reasons.

As EVs gain market penetration, a significant number of Li-ion batteries will reach end-of-life in the
decades to come. An important concern is that battery manufacturers are currently not designing
Li-ion batteries to optimise recycling. Current differences in the design of Li-ion battery’s cells,
modules and packs hinder recycling efficiency. Packs are not easy to disassemble, and cells are not
easy to separate for recycling. Standardisation of cell design and chemistry would facilitate recycling
and also enable a more efficient, ample and higher purity recovery of raw materials. Proper labelling
of Li-ion battery components and improvements towards easy module disassembly and cell
separation are also beneficial towards improving recycling.

Policy and regulations aiming to reduce the social and environmental impacts of mining, and
fostering a circular economy, should put greater emphasis on mandating the standardisation and
proper labelling of Li-ion batteries and their components. Regulations requiring manufacturers to
take back end-of-life Li-ion batteries could incentivise manufacturers towards standardising and
push them to design Li-ion batteries with recycling as a priority and thus relieve pressure for primary
demand of minerals.
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The review of the Li-ion battery value chain shows that the key players pushing for the mass
adoption of EVs are primarily businesses, governments in the US, Europe and China, the ECs as well
as partnerships with a strong corporate presence. The European Battery Alliance and the Global
Battery Alliance are the two most important public-private partnerships at European and global
level, respectively, striving towards an EV boom. For both alliances, the expected market value

(and potential profits) of the Li-ion battery value chain is a key motivator of their efforts to scale up
Li-ion battery production and the mass uptake of EVs. The GBA predictions of the Li-ion value chain
economic value shows clearly that the expected economic benefits would be unequally distributed
among the different segments of the value chain favouring upstream companies, predominantly
favouring those businesses engaged with application use (i.e. EV manufacturers) and cell manufacturing.

Corporate players pushing for mass uptake of EVs, as well as the battery alliances, omit to explore
other solutions to address the impacts of passenger road transport that reduce the total number of
vehicles on the roads and thus require less minerals and energy. Multinationals are investing heavily
in Europe to develop a Li-ion battery value chain, which leads to a now vested interest in the mass
uptake of EV passenger cars These companies are likely to support a system that locks society in

a transport system where individual car ownership is central.

Policy measures in different countries and at the EU level are playing a decisive role in incentivising
the EV boom, often accompanied with public spending. In Europe, the declaration of the battery
as strategic by the EC is accompanied by an important change in industrial policy, which shifts away
from open market and free competition towards a government supported Li-ion battery industry
that allows the easing of market and state-aid rules.

To answer the main research question: to critically assess if mass adoption of EVs is a solution to
significantly reduce the environmental impacts of passenger road transport, Chapter 4 looked at
different strategies besides the mass uptake of EVs.

All forecasts predict an unprecedented and soaring growth on mineral demand with all predictions
based on the assumption of a growing number of vehicles on the road. For example, industry
analysts estimate 1.6 billion vehicles will be on the road by 2040 (compared with 1.2 billion in
2020).2%* Of the predicted 1.6 billion fleet in 2040, still 1.1 billion units would be ICE cars, just as in
2015. Therefore, despite the enormous investments in developing a global Li-ion battery value chain
and the resulting soaring mineral production, battery and EV manufacturing (and related social and
environmental impacts), we would not be really reducing the absolute amount of carbon emitting
ICE vehicles, as compared to present levels.

While mass adoption of EVs is being promoted by industry and governments (particularly in

the global north) it is not the only solution in terms of addressing the impacts of passenger road
transport. Scientists, civil society and communities across the world are calling for a different
approach based on environmental justice and on the need to absolutely reduce the demand of
minerals and energy. Strategies proposed include ride-sharing, car-sharing and smaller vehicles,
which have the greatest potential to reduce the life-cycle impacts of passenger road transport.
Material efficiency strategies such as recycling, smaller design and extended end of life is

also important.
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For instance, the Low Energy Demand Scenario developed by scientists from the IPCC shows

that, by increasing vehicle occupancy and usage (for instance by car sharing), the same amount of
intra-urban mobility could be achieved with half of the car fleet. According to such a scenario, the
fleet of light duty vehicles could be reduced to 850 million by 2050. The IRP also recently concluded
that car-sharing, ride sharing and smaller vehicles are the strategies that contribute the most to
reducing life-cycle emissions of passenger cars. These solutions would also significantly reduce the
amount of required energy, water and minerals.

Different organisations, including environmentalist groups, activists, affected communities and
citizens from around the world, propose a different mobility transition. A transition based on
communities’ rights to say no to mining, an absolute need to reduce resource use, democratic
decision-making, human rights, recognising and addressing past abuses and buen vivir, among other
conceptual frameworks.

Furthermore, in SOMO's view, mandatory human rights due diligence should be an essential
element of the mobility transition. All businesses along the Li-ion battery value chain should be
required to conduct comprehensive mandatory human rights and environmental due diligence,
should be transparent about their findings and should prevent, address and avoid negative impacts.
Workers, communities and their representatives need to be part of the design and implementation
of such due diligence processes. When violations occur, an effective remedy mechanism needs to
be available for victims and to hold companies into account. Without mandatory human rights and
environmental due diligence, there is no guarantee of a just mobility transition.

The following are key recommendations based on the information provided in this report.
For additional recommendations, we refer to the (forthcoming) Principles for Businesses and
Governments in the Battery Value Chain drafted by Amnesty International and allies.

To governments:

O States and the EU should prioritise reducing the mineral and energy demand of passenger road
transport in absolute terms. To do so, States and the EU should support and promote strategies
towards car-sharing, ride-sharing and public transport.

O States should introduce policy action and regulations that promote material efficiency strategies
for the use of less materials and energy, including design of smaller Li-ion batteries and EVs,
reuse and recycling.

O States and the EU should require manufacturers to standardise the design of Li-ion cells,
modules and packs, and include proper labelling, in order to optimise recycling.

O States and the EU should introduce rules mandating Li-ion battery producers and/or

EV manufacturers to take back end-of-life Li-ion batteries, through an extended producer
responsibility scheme.
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O States and the EU should introduce binding regulation requiring companies to conduct
mandatory human rights and environmental due diligence, including the obligation of businesses
to publish their due diligence practices and findings. Due diligence requirements should cover
the entire battery value chain and involve communities, workers, civil society and trade unions in
its design, monitoring and implementation.

O States and the EU should facilitate a democratic public debate to discuss alternative strategies
to address the impacts of passenger road transport that includes the participation and
meaningful engagement of mining-affected communities, workers, environmentalists, scientists,
civil society and that is based on environmental justice and respect for human rights.

To companies along the battery value chain:

O All companies along the Li-ion battery value chain should map and disclose their supply chain
and use their leverage with business relationships to request respect for human rights, decent
working conditions and environmental protection through contractual obligations.

O All companies along the Li-ion battery value chain should carry out human rights and environ-
mental due diligence, disclosing their findings on risks and abuses and outcomes; and prevent,
address and mitigate their negative impacts.

O All companies should respect human rights and environmental laws, including the right to
information, water, health; a healthy environment; communities’ right to withhold consent;
occupational health and safety standards; and the right of freedom of association and collective
bargaining.

O All companies should provide victims of abuses occurring at any stage of the value chain with
access to an effective remedy and have in place an effective grievance mechanism to receive
workers’ and external complaints.

O Companies should prioritise reducing mineral and energy demand in absolute terms,
standardise design of Li-ion batteries and their components, which facilitate reuse and recycling.
Manufacturers should ensure that Li-ion batteries and components include proper labels
including battery health and safety guidelines for disassembling and recycling.
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