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The Center for Law, Energy & the
Environment (CLEE) channels the
expertise and creativity of the Berkeley
Law community into pragmatic policy
solutions to environmental and energy
challenges. We work with government,
business, and the nonprofit sector

to help solve urgent problems

that require innovative and often
interdisciplinary approaches. Drawing
on the combined expertise of faculty,
staff, and students across UC Berkeley,
we strive to translate empirical findings
into smart public policy solutions that
better our environmental and energy
governance systems.

The Natural Resource Governance
Institute (NRGI) helps people to
realize the benefits of their countries’
endowments of oil, gas and minerals.
We do this through technical advice,
advocacy, applied research, policy
analysis, and capacity development.
We work with innovative agents of
change within government ministries,
civil society, the media, legislatures,
the private sector, and international
institutions to promote accountable
and effective governance in the
extractive industries.
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Key Takeaways

Sustainable management of the
supply chain for electric vehicle
batteries is critical in order to
achieve global climate goals

and promote the well-being of
people in mineral-rich countries.

Shortcomings in coordinated
action, accountability, and
information access across the
supply chain are root causes of
supply chain mis-governance.
Addressing this requires stronger
national and international
mechanisms to improve data
transparency and promote
neutral and reliable information-
sharing. This can help level the
playing field between actors
across the supply chain and
between governments and
companies.

A number of standards and
initiatives seek to promote
supply chain sustainability. But
coordination and data sharing
across multiple supply chain
standards is weak, hindering
adherence. Supply chain actors
could develop stronger systems
to prioritize and coordinate
across these standards, as well
as a stronger set of incentives
for rigorous application, would
promote more consistent
application.

Regulatory and logistical barriers
impede progress on battery life
extension, reuse, and recycling,
which will be essential to long-
term supply chain sustainability.
Priority responses include
designing batteries proactively
for disassembly for recycling

and reuse, building regional
infrastructure for battery
recycling and transportation, and
creating regulatory certainty for
recycling.

INTRODUCTION AND
SUMMARY

Battery electric vehicles are central to global efforts to combat climate change. Greenhouse
gas emissions from transportation exceed 15 percent of the global carbon footprint. In
advanced economies, such as California’s, these emissions exceed 40 percent of the total.!
When fueled by increasingly clean electricity generation, electric vehicles (EVs) offer significant
carbon emission reductions compared to internal combustion engine vehicles.?

This global transition will require producing hundreds of millions of EV batteries. Global sales
of EVs are anticipated to reach tens of millions per year by 2030.2 Such a massive deployment
raises concerns about the availability of minerals needed for these batteries, as well as the ability
to reuse and recycle existing batteries to help meet demand. By some estimates, production
of graphite, lithium, and cobalt will need to grow by over 450 percent by 2050 to meet global
climate targets.

This new demand, even with maximum reuse and recycling, implicates a range of environmental
issues and the lives of people in mineral-producing countries.* These mines and supply chains
often overlay areas at high risk of human rights abuses, corruption and weak rule of law,
and localized environmental hazards. All of these challenges can be exacerbated by mineral
extraction.

For the EV and battery industries, the potential human rights and environmental threats
associated with mineral extraction and production create additional operational risks and
consumer-side threats to their brands. Instability and poor governance in mineral-producing
regions can lead to mine shutdowns and large fluctuations in availability of supplies and price.

At the same time, EV and battery companies throughout the supply chain face intense scrutiny
and expectations over sustainability practices, in many cases disproportionately to their fossil
fuel competitors. These companies also face challenges in coordinating their approaches and
navigating proliferating regulatory standards on battery reuse and recycling. And near-term
delays in new investments due to the current coronavirus crisis might exacerbate these risks
by disrupting extraction and production processes across the chain, further entrenching a few
suppliers’ dominance and limiting market pressure to prioritize sustainability.®

However, if managed effectively and in the public interest, the growth in demand for these
minerals can boost national development in several developing and emerging economies. A
number of governments have announced ambitious plans to use the growth in production of
these minerals as generators of substantial revenue to fund public services and as a driver of
local private sector development.

For these ambitions to be realized, regulators and civil society organizations have launched
efforts to increase the sustainability and transparency of the EV battery supply chain. Private
players in the mineral, battery and vehicle industries have organized various initiatives to
reduce abuses in the supply chain and pursue long-term economic outcomes that benefit
players along the chain. Private players are also scoping opportunities for expanding reuse and
recycling. Industry and government stakeholders seek greater certainty around these private
sector efforts and what they can do to support them.

In order to promote positive development outcomes, reduce the risks of supply chain
bottlenecks, and mitigate governance and human rights risks, UC Berkeley School of Law’s
Center for Law, Energy & the Environment (CLEE) and the Natural Resource Governance
Institute (NRGI) developed a stakeholder-led research initiative focusing on the key barriers to
and headline opportunities for achieving greater sustainability in the EV battery supply chain.
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Defining Supply Chain
Sustainability

This report defines a sustainable
EV battery supply chain as one
that addresses all risks—including
human rights, governance and
corruption, equity and balance of
benefits, and local environmental
impacts—that threaten the long-
term ability to produce EV batteries
at a scale sufficient to meet global
climate needs and in a manner that
limits negative impacts to people,
institutions and the environment.
As mineral production grows

to meet that need, expanding
cooperation and implementation
capacity across industry,
government and civil society

will become essential to manage
sustainability risks. In general, no
single existing definition of supply
chain “sustainability” connects all
these individual issue areas. Leading
international sustainability efforts
focus on respecting human rights;
avoiding contribution to conflict
and financial crimes; supply chain
due diligence; contributing to
improvement of socioeconomic
conditions, including optimizing
battery reuse and recycling;

and enhancing transparency in
extractive processes to promote
sustainable economic growth and
resource management for the
benefit of host country residents.®
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CLEE and NRGI convened automobile, battery, and mining industry representatives, nonprofit
leaders and government officials in November 2019 to identify major challenges to effective
collective action around battery supply chain sustainability. Participants represented a diversity
of perspectives meant to generate cross-cutting approaches. These approaches were not
necessarily limited to the challenges and opportunities of one specific initiative, industry
segment, geography or stakeholder group.

This report discusses major challenges identified in that discussion and follow-up research.
It also presents critical responses to address these challenges, based on the participant
discussion, outreach to other experts and stakeholders, and a review of the growing suite
of literature on how to achieve a sustainable electric vehicle battery supply chain. Summary
findings include the following:

Key Challenges to Ensuring Battery Supply Chain Sustainability through a
Multi-Stakeholder Approach

Lack of coordinated action, accountability, and access to information across the supply
chain hinder sustainability efforts

Inadequate coordination and data sharing across multiple supply chain standards limit
adherence

Regulatory and logistical barriers inhibit battery life extension, reuse, and recycling

Priority Responses:

Industry leaders could strengthen mechanisms to improve data transparency and
promote neutral and reliable information-sharing to level the playing field between
actors across the supply chain and between governments and companies

Industry leaders and third-party observers could ensure greater application of supply
chain sustainability best practices by defining and categorizing existing standards
and initiatives to develop essential criteria, facilitate comparison and equivalency, and
streamline adherence for each segment of the supply chain

Governments and industry leaders could create new incentives for supply chain actors
to participate in and adhere to existing standards and initiatives, which may include
sustainability labeling and certification initiatives

Industry leaders could design batteries proactively for disassembly (enabling recycling
and reuse), and industry leaders and governments could collaborate to build regional
infrastructure for battery recycling and transportation and create regulatory certainty
for recycling

The following sections present more details on these and other responses, along with
background information on the current state of the EV battery supply chain. Section Il provides
background on the mineral supply chain, emphasizing features of supply chain players, minerals
and countries most relevant to the challenges and opportunities prioritized in the CLEE-NRGI
November 2019 convening and associated outreach. Section Il describes the most pressing
challenges identified in the process and the ideas generated by convening participants on
how to address them. Section IV provides concluding thoughts on policy implications and next
steps.



Are EVs greener than gasoline
vehicles?

The lack of transit-related
emissions, coupled with the
potential to utilize and support
renewable energy sources,

gives EVs a significant emission
advantage over internal combustion
engine vehicles. Some estimates
place EV life-cycle emissions at
approximately 50 percent fewer
greenhouse gases per kilometer
traveled than internal combustion
engines, ranging from 25-28
percent lower in jurisdictions in
which electricity supplies are fossil
fuel-reliant, up to 72-85 percent
lower in areas with high renewable
energy penetration.” Others
estimate an emissions benefit
between 19 percent at the low end
(for large vehicles in China) and 60
percent at the upper end (for small
vehicles in Europe).”®

Importantly, the potential
greenhouse gas benefits of EV

use will grow as firms develop new
production technologies and as the
overall electrical grid becomes less
carbon-intensive." Some experts
anticipate a 50 percent reduction
in the life-cycle emissions of an
average EV by 2030, and by one
estimate of a fully renewable future
grid, EVs could eventually produce
at least 90 percent fewer life-
cycle greenhouse gases than ICE
vehicles.”?

Differences in battery materials
and production techniques,
including the location and energy
mix of production, also affect the
emissions profiles of different
EVs.® In addition, EV batteries’
potential use in smart charging
and vehicle-to-grid applications,
and the potential for second-life
energy storage applications of
used batteries, could play a key
role in deep decarbonization of the
electrical grid by enabling greater
integration of renewable energy
sources."

For more background information,

see CLEE and NRGI’s FAQ report.

ELECTRIC VEHICLE BATTERY
SUPPLY CHAIN: OVERVIEW
AND KEY MINERAL INPUTS

EV batteries use complex electrochemistry to store electricity drawn from the power grid
and convert it into energy to power the vehicle. Battery technology and design are constantly
evolving, but the most common format—lithium-ion technology—relies on a range of
component minerals, which typically include lithium, cobalt, nickel, graphite and manganese.’
Manufacturers use these minerals to construct battery cells consisting of electrolytic
cathodes and anodes; package multiple cells into a single case with electrical terminals known
as a module; and connect multiple modules into a single battery pack for use in a vehicle.
The specific mineral components, chemical composition and size of batteries vary widely
by manufacturer, power and range. Different manufacturers play major roles at each stage
throughout the process.®

While battery technologies and materials are diverse and certain to change over time, two
minerals essential in most existing battery formats offer illustrative examples of the nature and
scope of the sustainability challenges that can confront the supply chain.”

Cobalt, which is integral to many lithium-ion battery chemistries, is predominantly mined
from hard-rock deposits in the Democratic Republic of Congo and refined in China, giving
rise to concerns around human rights, corruption and governance in extractive areas, as well
as potential supply bottlenecks (due to the dominant market shares of these two countries).®
Lithium, another essential component, is found in a broader, but limited, number of countries—
hard-rock deposits in Australia and China and brine (known as salar) deposits in the Andean
nations of Argentina, Chile, and Bolivia. Mining in these areas raises potential concerns around
political and price stability as well as high water consumption and displacement of local and
indigenous populations.”

Cobalt and lithium do not represent the entire supply chain or the entire range of risks faced.
Many of the challenges they present are shared widely across the mining sector. But they are
critical, representative components of current battery technologies that highlight many of
the key concerns that inform efforts to improve sustainability risk management. As such, this
section provides a brief overview of major issues associated with cobalt and lithium supplies.

OVERVIEW: COBALT

Cobalt is an essential component in many of today’s lithium-ion batteries. Demand for
batteries—half of cobalt use goes to batteries—has accelerated worldwide demand for the
mineral. The cobalt market now produces over 100,000 metric tons per year, with estimates of
over 200,000 metric tons annually by 2025."® For reference, by some measures, approximately
7,075 metric tons of raw cobalt demand are needed to produce 500,000 large-format EV
batteries (or approximately 30 pounds to produce the refined material for each battery).” Up
to 60 percent of global cobalt production and more than half of global reserves (i.e., known
resources that are economically feasible to produce) are located in the Democratic Republic
of the Congo (DRC).

Other leading producers include Australia, Canada, China, Cuba, Madagascar, the Philippines,
Russia and Zambia. Production and reserves in any of these countries are multiples smaller than
those of DRC.?° China, in turn, produces nearly half of the world’s refined cobalt, followed by
Canada, Finland, Japan, Norway and Zambia, among other countries. In light of longstanding
governance weaknesses, the dominance of DRC and China in the cobalt sector may prompt
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Are there enough minerals
to build all the batteries the
world needs?

Many EV battery component
minerals, such as lithium,

cobalt, nickel, graphite, copper,
manganese, and rare-earth
elements like neodymium, are
“critical” minerals for which
substitutes are limited or
nonexistent and supplies are
geographically concentrated.?
Expert opinions differ on how likely
along-term shortage of these
minerals could be, particularly given
changing battery technologies

and chemistries that may become
less reliant on these raw materials.
Some experts have determined
that long-term mineral supply
shortages are unlikely to occur,?
but other analyses show that
demand for essential battery
components could exceed supply
within decades (by 2030 for cobalt
and 2037 for nickel) without further
developments in battery mineral
composition.?® Coronavirus-related
supply chain disruptions may have
the potential to create multi-year
supply deficits for key minerals.?

The pace of technological progress
on materials recovery and recycling
will impact the shape of future
minerals demand. This innovation
offers the possibility of extending
and diversifying supply chains. The
automotive and battery industries
are also investing to develop new
technologies that rely on more
plentiful (and cheaper) minerals.?’
Ultimately, while demand for key
minerals may grow exponentially
with the market—by more than
300 percent for graphite, more
than 500 percent for cobalt, and
more than 900 percent for lithium
by 2050—experts cannot project
with certainty how technological
change will impact supply chains.
As a result, the potential impact of
mineral supply bottlenecks in the
future remains unknown.?®

For more background information,
see CLEE and NRGI’s FAQ report.
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greater scrutiny of sustainability risks, even as manufacturers seek to develop low- and zero-
cobalt battery technologies and other countries seek to ramp up production.??

DRC’s economy is highly dependent on mining. Minerals made up 99 percent of the country’s
exports and 30 percent of GDP in 2018. Cobalt generated about 35 percent of the country’s
mineral sales that year.?’ The government has targeted cobalt as a strategic growth sector and
created mechanisms to try to ramp up public revenue and economic activity associated with it
as demand rises.®

Political instability and conflict have long affected DRC, with the mining sector in general
and cobalt mining in particular associated with a range of human rights, environmental and
corruption concerns. Meanwhile, Chinese ownership of mineral production and refining
capacity (both domestically and in DRC) has increased in recent years, raising the potential
that other countries could have limited mineral access in the future.® The distinct sustainability
concerns associated with each country have significant implications for the overall battery
supply chain.

Cobalt mining in DRC occurs in two forms: industrial (i.e., large-scale mining carried out by
large national and international entities as part of government-licensed projects) and artisanal
and small-scale (i.e., mining carried out by individuals or groups with little to no mechanization
and varying degrees of government approval).* Some producers may operate in both contexts,
and while extractive processes are different in the earliest upstream stages—artisanal cobalt
often first moves from mines to intermediate traders and middlemen before processing and
refining—the minerals are largely commingled once they are refined.*

Typically, cobalt refining or processing is broken down into two stages: initial processing into
crude cobalt hydroxide, which may take place in DRC; and secondary processing, which results
in product-grade cobalt and usually takes place in China.?* While artisanal and industrial cobalt
are indistinguishable by the time they are processed, their different production methods and
the sustainability risks entailed merit distinct consideration.

Artisanal and Small-Scale Cobalt Mining

Artisanal and small-scale mining by individuals or small cooperative groups is responsible for
approximately 20 percent of total cobalt production in DRC, with estimates of the number
of individual miners (known as “creseurs”) involved ranging from 100,000 to over 250,000—
some of them children.®®

The DRC mining code defines artisanal mining, established the Artisan Mining Zones (ZEAs) in
which it may be practiced legally, and includes limited provisions relating to safety equipment or
health hazards. The government created the Assistance and Management Service for Artisanal
and Small-Scale Mines (Service d’Assistance et d’Encadrement du Mines Artisanales et de Petit
Echelle or SAEMAPE) in 1999, a chronically under-resourced agency. Its mandate: to regulate
artisanal mine operations (including monitoring the flow of material from extraction to sale,
ensuring tax collection and monitoring security). However, in cobalt and copper mining areas,
the lack of economically viable ZEAs has pushed many miners into illegal or under-regulated
activity.*

Reports from international observers and Congolese nongovernmental organizations show
artisanal cobalt miners rarely (if ever) benefit from health-and-safety protections. They live
with the ongoing risk of negative health impacts, injury and death, with weak enforcement
of health and safety standards by regulators, including SAEMAPE.*” These risks include lung
disease linked to particulate inhalation; physical injury from a lack of load-lifting equipment,
lax operating standards and a lack of protective clothing; infections due to poor sanitary
conditions; and mine collapses.®

Reports indicate that agents of Congolese state entities including SAEMAPE have been
involved in corrupt activity, such as engaging in extortionary practices along with state security
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forces at artisanal mine sites and trading centers.® This form of corruption can subject
individual miners to regular bribery demands and steer miners to dig unsafe, illegally deep pits in
exchange for payments. It also results in a failure to enforce child labor requirements. Artisanal
miners protesting working conditions or lack of protections can face violent punishment from
arange of parties.*®

Despite all these risks, artisanal mining offers many an opportunity to earn a living. By some
estimates, up to 60 percent of residents—hundreds of thousands of individuals—in Congo’s
main copper and cobalt-producing province, Katanga, rely on artisanal mining to survive.
This employment dwarfs jobs available in the large-scale mining sector. Artisanal miners earn
significantly more than workers in other fields, in some cases more than tenfold.”

Artisanal miners typically sell raw materials to middlemen and traders who aggregate material
to sell to licensed buying houses, which are located close to the mines or in nearby town
centers. (The DRC government is currently seeking to centralize the artisanal mining trade
through a single consolidated buyer.“?) These buying houses, many run by or associated with
large foreign refining operations, then sell aggregated product to processors, some of which
are part of vertically integrated companies.** The DRC mining code requires licensed artisanal
miners to sell via cooperatives only to licensed traders and buying houses (and vice versa).

But there are significant gaps and inconsistencies in the due diligence practices of companies
on conditions of extraction and the use of child labor. So the supply chain is muddied. In many
cases, even DRC-based processors might not fully know the source of artisanal cobalt they
purchase. While buying houses offer a crucial link between independent artisanal miners and
the global market for their goods, they also typically pay low prices. Low prices translate to risk,
and can contribute to unsafe conditions and corrupt practices.*

Various efforts are underway to formalize the artisanal cobalt sector in DRC. In late 2019,
the Congolese government established a new subsidiary of state-owned mining company
Gécamines tasked with the control and marketing of artisanal cobalt.*> The revisions to the
mining code included new measures to define and regulate artisanal activities.*® Various
companies and public-private partnerships are also engaged in pilot efforts to formalize and
organize artisanal mining, in large part to address sustainability concerns.#’ The involvement
of vertically integrated companies at the purchasing level can also deliver more resources and
capacity to advance responsible sourcing goals, such as a DRC pilot project between Trafigura
and Chemaf.#®

Industrial Cobalt Mining

Industrial cobalt mining in DRC, executed by large multinational companies with heavy
equipment at sophisticated mine sites, presents a related but distinct set of issues.

Cobalt mining (both industrial and artisanal) in DRC is conducted via mines that produce both
cobalt and copper—the economics and industrial processes of the two minerals are intimately
intertwined. The Congolese state owns all underground minerals and Gécamines historically ran
most mining operations. However, after the company collapsed in the 1990s, it now operates
primarily through agreements and joint ventures in which multinational mining companies are
granted extraction licenses in exchange for royalty payments and other terms. An increasing
number of mining projects now operate without Gécamines’s involvement.*

Corruption is a major concern in the Congolese industrial cobalt sector and comes at a huge
cost to the country’s citizens. While the DRC mining code lays out governing principles for the
issuance of exploration and extraction licenses, as well as royalties and taxation, international
observers and journalists have documented cases of large-scale public corruption in the
allocation and regulation of industrial mining concessions.

Investigations have illustrated the practice by Gécamines and other state-owned enterprises
of granting stakes in mineral licenses at below-market value to well-connected intermediaries,

SUSTAINABLE DRIVE | SUSTAINABLE SUPPLY
CENTER FOR LAW, ENERGY & THE ENVIRONMENT | NATURAL RESOURCE GOVERNANCE INSTITUTE



SUSTAINABLE DRIVE | SUSTAINABLE SUPPLY

who then sell them for a profit and distribute kickbacks to top officials. These relationships
have sparked investigations of major mining companies led by law enforcement agencies in
Canada, the United Kingdom and the United States.*® The payments and royalty fees made to
the intermediaries can amount to tens of millions of dollars. In a sharp contrast, the losses to
the host government treasury can reach billions of dollars.”

DRC has taken meaningful steps on transparency, including the disclosure of some mining
contracts and extensive information on company tax payments. But significant shortcomings
remain in terms of public disclosure of local impacts from the sector, the activities of state-
owned enterprises and how mining revenue is distributed across different levels of government.

The board of the Extractive Industries Transparency Initiative (EITI) decided in 2019 that the
country had made “meaningful” progress in implementing the EITI Standard, but that remaining
gaps in disclosures were substantial. EITI gave the country an additional 18 months (i.e., until
April 2021) to carry out “corrective actions” or face suspension from the initiative.*? In the 2017
Resource Governance Index (which measures transparency and accountability in extractives-
dependent countries across the world), DRC’s mining sector scored a “poor” 33 points out of a
possible 100, ranking it 75th out of the 89 country-sectors surveyed.>®

Amendments to the mining code in 2018 had an important impact on several elements of
sector governance in DRC. The reforms included royalty payments as high as 10 percent for
“strategic” minerals, including cobalt; a “super profits” tax on mining companies that applies
when prices exceed forecasts by more than 25 percent; requirements that mine contractors
be majority owned by Congolese shareholders and that a minimum proportion of raw materials
be refined in DRC; and commitments of portions of royalties to a long-term investment fund
and portions of company profits to local community development projects.> International
mining companies have opposed the measures, arguing that they will harm the economic
viability of their projects. Amendment advocates are concerned that the government may
weaken implementation or conduct back-door compromises with large players.>

On top of these concerns, the growing dominance of Chinese mining, refining and
manufacturing interests has a significant impact on the broader cobalt supply chain, in infusion
of capital and expertise and leverage in dealing with the Congolese government and private-
sector mining and vehicle companies worldwide. By one estimate, Chinese companies control
one third of global intermediate cobalt production and one half of global refining capacity. As
their ownership shares have grown significantly in recent years, this geographic concentration
could threaten global access to mineral supplies, should Chinese government policy direct
these resources toward exclusively domestic producers.®®

The OECD has cautioned supply chain players and observers not to assume that the division
between artisanal and industrial mining is complete or impermeable. Large-scale miners often
source some production from artisanal miners, and production from large-scale and artisanal
mines is frequently intermingled at trading depots. Artisanal activities also often take place
within the concession areas formally controlled by large-scale miners. Thus, a comprehensive
approach to reducing risks in the cobalt supply chain must account for the challenges in both
production mechanisms and their int