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Summary

This draft report aim s to lay the groundwork to map the supply chains of critical raw
materials and establish criteria to identify the leverage points for traceability technology.
The document starts by proposing a framework that can be used to map the supply chains
of cobalt, lithium, natural graphite , and neodymium by focusing on the cobalt supply chain
as an example. Preliminary information is also provided for the other materials. This is then
followed by the definition of the criteria to identify the | everage points for traceability
technology. The state of practices of con trol methods and tracing solutions, along with the
identification of the requirements, elicitation, and classification for digital product
passports, create the bridge between the identification of the leverage points and the
development of digital tracing technology that can be deployed in these strategic points of
the supply chains of the materials. The conclusions highlight key aspects of the report

Keywords

EV batteries, cobalt, supply chain mapping, requirements elicitation

Abbreviations and acronyms

BGR German Federal Institute for Geosciences and Natural Resources
CcCz Pacific Ocean's Clarion -Clipperton Zone

CoC Chain of Custody

CRM Critical Raw Material

DMP Digital Material Passport

DPP Digital Product Passport

EBR European Business Register

ESG Environmental, social, and governance (ESG) impacts
EU European Union

EVs Electric vehicles

HHI Herfindahl -Hirschman Index

IP Identity preservation

LCA Life Cycle Assessment

Li-ion Lithium -ion

MFP Material fingerprinting
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1 Introduction

In the context of sustainable resource management and supply chain resilience, the

sourcing and traceability of critical raw materials (CRMs) have gained attention, with a
particular spotlight on materials crucial to electric vehicle (EV) batteries and motor vehicles .
The responsible sourcing of materials, namely lithium, cobalt , and natural graphite for
batteries and neodymium for EV motors, has become a central concern for stakeholders

across the supply chain (European Commission, 2023) .

The urgency to address responsible sourcing (i.e., the management of social, environmental
and/or economic sustainability in the supply chain through production data (van den Brink
et al., 2019)) and transparency challenges ha ve sparked the emergence of digital material
passports as an innovative and technologically advanced solution (Berger et al., 2022). This
cutting -edge system serves as an all-encompassing repository, meticulously documenting
the entire lifecycle of specific raw materials or product s, which detailed insights into their
origin, extraction processes, production methods, trade flows, and involvement of various
stakeholders at every stage (Kaikkonen et al., 2022). However, despite the potential of the
digital material passport, there exists a crucial gap in the practical implementation and

effectiveness of this innovative solution within the supply chain of CRMs.

While the theoretical foundation of digital material passport is well -known, the successful
application of requirements elicitation techniques to tailor the system to precise stakeholder
needs has not been fully explored (Paramatmuni & Cogswell, 2023) . As the development
and implementation of such a sophisticated system demand substantial resources and
collaboration among diverse stakeholders, it becomes imperative to ensure that the digital
material passport is aligned with the unique traceability requ irements and compliance

criteria of the EV battery materials supply chain stakeholders.

Addressing this gap requires a focused and systematic approach to requirements
elicitation. This pivotal step entails the diligent gathering and extraction of detailed and
comprehensive information regarding the needs, desires, and expectations of stakehol ders
within the cobalt supply chain (Andry et al., 2020). For example, the application of diverse
techniques such as interviews, surveys, workshops, and observations could enable a better
understanding of the specific functionalities and features crucial for fulfilling material
traceability and transparency effectively (Blengini et al., 2017) . In the context of our technical
report focusing on EV battery materials, requirements elicitation we merged expertise from

different fields, from industrial ecology to geological surveys and chemical and digital
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traceability. The knowledge from these different fields has been integrated into the
development of the digital material passport, ensuring that it is tailor -made to address the
data requirements and compliance criteria precisely while considering the specificities of

the supply chains of the mate rials used in batteries.

Furthermore, identifying leverage points within the EV battery materials supply chain
provides critical opportunities for targeted interventions or improvements. By capitalizing
on these leverage points, stakeholders can effectively implement traceability technologies,
enhance transparency, and foster responsible sourcing practices, ultimately reinforcing
supply chain resilience (van den Brink et al., 2019). For instance, focusing on enhancing
traceability at the extraction and refining stages may provide valuable insights into the
material's origin and production methods, while enhancing traceability along trade flows
(e.g., for waste and scrap) can provide transparency into the dynamic of EV battery flows
throughout the global market. In addition to identifying leverage points, it is crucial to
establish comprehensive criteria that allow the development of a methodology for certifying
responsible sourcing. Such a methodology can be established by applying standards such
as CERA 4inl, which is acertification scheme that provides multiple criteria to assess the
social, environmental , and ethical practices across minerals' supply chains (CERA 4inl,
2021).

Aligned with MaDiTraCe project commitment to advancing responsible sourcing practices
and cutting -edge traceability technologies, the D3.1 report examines the cobalt, lithium,
natural graphite, and neodymium supply chains by mapping the mine sites and the trade
flows and establishing a classification and requirements elicitation. The primary objective of
this report is to lay a robust foundation for future initiatives aimed at fostering transparency
and accountability in the supply chain of CRMs. Moreover, the D3.1 report lays the ground
for the final report of Task 3.1 (i.e., D3.8), which will consider the insights gained from the
feedback of selected case studies and the knowledge developed by the MaDiTra Ce

consortium in the upcoming years.

By employing systematic analysis, we identify leverage points that hold the potential to
leverage traceability technologies effectively , thereby enhancing sustainability practices

across the supply chain. To do so, we address four key questions:

1) What are the flows/stocks of the EV battery and motor materials supply chains,
including extraction, primary production, trade flows, and key stakeholders

involved?
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2) Which specific points in the EV battery and motor materials supply chains offer the
greatest potential for implementing traceability technologies to enhance
transparency and sustainability?

3) What are the current practices used for control and tracing at various checkpoints in
the EV battery materials and motor supply chains ?

4) What are the key prerequisites, procedures, and methodologies needed to establish
a digital material passport within the cobalt supply chain, ensuring compliance with

CERA 4inl standards through data vocabulary, attributes, and accessibility?

By addressing these key questions, the D3.1 report provides a comprehensive supply chain
mapping (from extraction and primary production to encompassing trade flows and key
stakeholders within the supply chain), leverage points for cobalt traceability, the  state of
practices of control methods and tracing solutions, as well as requirements, elicitation, and

classification for digital material passport.

1. Introduction (Context, goals, report struture)

Primary and secondary sources
and flows (deposits, extraction,
refining, and trade)

Secondary sources and flows Lithium

2. Supply chain mapping
Key companies/actors

Unit processes

3. Leverage points for traceability technologies Natur‘al <
graphite

D3.8 Final report supply
4, State of i f control methods and traci Juti chain mapping,
. ate of practices of control methods an racing solutions requirements, elicitation,

; . ) classification (M30)
5.1 Compliance with Cera4in1

. Requirements, elicitation,

and classification for

digital material passport Neodymium
5.2. Digital material passport

Figure 1: D3.1 report structure within the context of Task 3.1 and its two deliverables.

A fundamental aspect of our analysis concerns the present state of practices governing
control methods and tracing solutions. Considering the collective expertise of our partners
involved in the MaDiTraCe project, we assess existing practices and offer pru dent
recommendations for enhancements. Furthermore, this report explores requisites,
elicitation procedures, and classification methodologies indispensable for the
establishment of a digital material passport within the supply chain  of cobalt. With

meticul ous adherence to compliance with CERA 4inl standards, we propose data
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vocabulary, attributes, and accessibility for facilitating the implementation of digital material

passports.

In this report, we cover all four key questions for cobalt while only partially detailing the
supply chain s of lithium, natural graphite, and neodymium. These materials will be further

developed as part of the D3.8 report in the upcoming year.
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2 Supply chain mapping

This chapter offers a comprehensive supply chain mapping for the selected CRMs: cobalt,
lithium, natural graphite, and neodymium. The mapping includes both primary and
secondary sources and flows . Primary flows refer to the direct extraction and production
processes of these CRMs, starting from their source in mines or extraction sites and
continuing through their initial refinement and manufacturing stages. Secondary flows
encompass the recycling, reprocessing, and reuse of these materials, reflecting thei r

contribution to a circular economy and sustainable resource management.

Furthermore, t his chapter provides an overview of key players and stakeholders involved in
the supply chain. It is important to not ice that while the identification of key companies was
initially developed for cobalt, comprehensive stakeholder information for lithium, natural

graphite, and neodymium will be provided in D3.8  in the upcoming year .
2.1 Cobalt

In recent years, cobalt has gained immense attention due to its role in shaping the future of
sustainable technologies and the global energy transition. As we look ahead to a world
driven by electric mobility and renewable energy solutions, cobalt emerges  as a linchpin in
powering these transformative technologies (Bobba et al., 2020). Furthermore, the
development of emerging energy -related technologies, such as fuel cells and hydrogen -

based energy solutions, relies heavily on cobalt as a CRM (Aguilar-Hernandez et al., 2022).

As mentioned in Chapter 1, the responsible sourcing and traceability of cobalt have
emerged as key concerns for stakeholders across the supply chain (European Commission,
2023). Ensuring the ethical extraction and transparent flow of cobalt becomes essential to
adhere to sustainability principles and address social and environmental impacts associated
with its production. The traceability of the cobalt supply chain is crucial to prevent potential
risks, which have been associated with some cobalt mining operations in certain regions
(Shafique et al., 2023).

In this chapter, we explore the cobalt supply chain by examining the primary and secondary

flows, their international trade, and identifying the key actor s along the supply chain. By
combining existing knowledge with the most recent data - for example, using the CEPIt
BACI database for 2021 (Gaulier & Zignago, 2010) - this chapter aims to lay a robust

foundation for our subsequent chapters focusing on requirements elicitation and
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classification for the digital material passport within the cobalt supply chain. It should be
noted that the accuracy of trade data can vary. For example, lithium ore can also be traded

as white pigment.

Figure 2: lllustration depicting the flows of the Cobalt supply chain (Cobalt Institute, 2021b) .

Several studies have focused on mapping global cobalt flows and identifying the key actors
within the cobalt supply chain. For instance, van den Brink et a I. (2020a) highlighted the
concentration of cobalt mining in  the Democratic Republic of the Congo and refining in
China, with cobalt mostly mined as a by -product of copper and nickel. Furthermore, Sun et
al. (2019) analyzed cobalt flows throughout its life cycle from 1995 to 2015, identifying the
major opportunity for secondary cobalt recovery in batt eries. More recently, Liu et al. (2022)
examined the resource dependence between different phases of the cobalt industrial chain

in various countries, establishing a global cobalt flow network system. The Cobalt Market
Report 2022 from the Cobalt Institute (2023a) has also contributed with information on the

mapping of the cobalt supply chain for 202 1.

Considering secondary supply, cobalt from recycling provided less than 5% of the total
global supply in 2022 . However, it is expected to support 15% in 2030 and more than 40%
by 2040 (Cobalt Institute, 2023a) . Moreover, Godoy's research (see Figure 3 on the end -of-
life cobalt in the EU (European Union) reveals that around 8% of the initial stock of cobalt
stays in use, 3% is being hoarded by users, and 89% has been lost due to non -selective

collection practices and exports of recycled cobalt (Godoy Leon et al., 2020).
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In use
8% Hoarded by user.
3%

Lost due to
non-selective
collection
practices and
exports
89%

Figure 3: End-of-life cobalt in the EU based on findings from Godoy Ledn (2020).

In the following section (2.1), we explore the cobalt supply chain , focusing on the mapping
of extraction and primary production in 2021. We then identify the main cobalt trade flows
between countries (Section 2.2) and key stakeholders (Section 2.3), provid ing an update on

cobalt supply chain mapping.
2.1.1 Primary sources and flows

Deposits acurrent and future sources

Figure 4 illustrates the current cobalt reserves per country, with the countries being referred

to in their ISO 3166 Alpha -3 codes®. Currently, there are 14 countries with cobalt reserves
worldwide, which amounts to around 8300 kilotonnes  (kt) (USGS, 2023) The top 5 reserves
are allocated in the Democratic Republic of the Congo (48% of total global reserves),
Australia (18%), Indonesia (7%), Cuba (6%), and the Philippines (3%).

! https://www.iso.org/obp/ui/#tsearch
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Figure 4: Current cobalt reserves per country .

Regarding cobalt deposits for the future market, cobalt deposits are found in 7 key

geological settings, with significant deposits identified globally (SCRREENZ2, 2023)

9 Stratiform sediment -hosted deposits: These are found in the Central African
Copperbelt, spanning Zambia and the Democratic Republic of Congo. These
deposits primarily contain Cu -Co sulphides and oxides. Cobalt grades range from
0.130.4% Co.

1 Magmatic deposits: These deposits are primarily mined for nickel, copper, and
platinum group metals and are in Russia (Norilsk), Canada (Sudbury), and Australia
(Kambalda). Cobalt content averages 0.1% Co.

1 Lateritic Ni deposits: Mainly exploited for nickel, these deposits in New Caledonia
and Cuba contain cobalt at levels ranging from 0.05 80.15% Co.

1 Hydrothermal and volcanogenic deposits: Cobalt is a by -product of polymetallic
mining in various countries, including Finland, Sweden, Norway, the USA, Canada,
and Australia. The Bou Azzer deposit in Morocco, for example, is a significant source
with a typical ore grade of 0.05 &0.1% Co.

1 Shale-hosted polymetallic sulphide deposits: These deposits are found in several
countries and often contain cobalt as a potential by -product. For instance, the
Terrafame Sotkamo mine in Finland is one such source.

1 Seafloor deposits: Cobalt -rich polymetallic nodules occur mainly in the Pacific
Ocean's Clarion -Clipperton Zone (CCZ), estimated at 21.1 billion tonnes with cobalt

content at 0.2%. Furthermore, cobalt -rich ferromanganese crusts, estimated at 7.5
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billion tonnes, are found at depths of 800 &3,000 m. While legal and economic
barriers hinder exploitation, advancing technology might make this resource
economically viable after 2050.
1 European deposits: Most cobalt -bearing deposits are concentrated in Nordic
countries such as Finland, Sweden, and Norway. Spain and Portugal have significant
cobalt occurrences in ferromanganese crusts and polymetallic nodules on the

seabed.

Extraction and refining

The deposit types that include cobalt in concentrations that are economically relevant are
stratiform sediment -hosted copper -cobalt deposits, nickel -cobalt laterite deposits, and
magmatic nickel-copper sul fide deposits, which is why most mined cobalt (98 %) is a by
product of the mining activities for copper or nickel (BGS, 2021; Cobalt Institute, 2023c) . In
2021, the global cobalt extraction amounted to 131 kilotonnes (kt) of cobalt mined (see
Figure 5). The main supplier of cobalt mined was the Democratic Republic of Congo, where
71% of the total global extraction occurs. Other key suppliers of cobalt mined were Russia
(6% of total global extraction), Australia (4%), Cuba (3%), Canada (3%), Papua New G uinea
(2%), and Madagascar (2%). The share of main suppliers has been stable in the past decade
(SCRREENZ2, 2022)However, in 2022, Indonesia has become a key supplier of cobalt mined,
representing the second largest producer with 5% of global extraction in this period (Cobalt

Institute, 2023b ).
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cue 2 CHN - 1.75
PHL
% N e NCL- 1.5
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USA - 0.7
ZAF - 0.355
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Figure 5: Cobalt mined per country for 2021, in  kilotonnes (kt). Based on: BGS database (2023).
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For refined cobalt, the global production was around 166 kt of processed cobalt in 2021
(see Figure 6). The main supplier of refined cobalt was China , with 77% of total production,
followed by Finland (9%), Canada (4%), Norway (2%), Japan (2%), Australia (2%),
Madagascar (1%), Russia (1%), Morocco (1%), and Belgium (1%). Furthermore, refined
cobalt in 2021 was used in 3 main applications: Electric vehic les (EVs) batteries (approx.
40% of total cobalt used), portable electronics (30%), and super alloys (10%) (Cobalt
Institute, 2023a). Other applications (20%) were related to tool materials, pigments,

catalytic, and others (SCRREEN2, 2023)

FIN - 14.287
CAN - 6.0

NOR - 3.982
NORFIN RUS
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PN
MAR
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MDG
ZAF L RUS - 1.8

JPN - 3.852

AUS - 2.8

[kt]

MDG - 1.986

MAR - 1.796

BEL- 1.3

ZAF - 0.531

Figure 6: Cobalt refined per country for 2021, in kilotonnes (kt). Based on: BGS database (2023).

Trade

The global trade of cobalt ores and concentrates (HS code 260500) amounted to 21.3 kt in
2021. The largest exporter of cobalt ores and concentrates was the Democratic Republic of
Congo, with 91% of total exports, while the largest importer was China , with 92% of total
imports (see Figure 7 & Figure 9). The share of cobalt ores and concentrates trades was
relatively constant during the past five years (see, for example, SCRREEN2,2022; van den
Brink et al., 2020b) . The cobalt content of the traded cobalt ore has been estimated to vary

between 0.1% and 2.5%, depending on the deposit.
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Figure 7: Geographic cobalt supply chain , including intermediate cobalt product flows , in 2016.
From Van den Brink et. al (2020).
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Figure 8: Top-20 (a) exporters and (b) importers of cobalt ores and concentrates total exports in
2021. Total cobalt ores and concentrates traded = 21.3 kt. Based on
202301 updated in February 2023 (Gaulier & Zignago, 2010) .

22

: CEPIFBACI database, version

& Funded by
o el the European Union



m D3.1 Draft report supply chain mapping, requirements elicitation,

classification: The case of Cobalt supply chain

%0Y

Figure 9: Trade of cobalt ores and concentrates in 2021 represented in a chord diagram in
kilotonnes (kt). Total cobalt ores and concentrates traded = 21.3 kt. Based on: CEPII -BACI database,
version 202301 updated in February 2023 (Gaulier & Zignago, 2010) .

Figure 9 presents a chord diagram that illustrates and quantifies the trade of cobalt ores
and concentrates in 2021, according to data published in CEPII -BACI, which in turn is based
on UN Comtrade (Gaulier & Zignago, 2010) . The diagram presents three outer rims, one

inner rim, and chords linking the different countries in the center:

1 The outer most rim of the three outer rims presents the relative distribution of the
total trade with al | countries (imports and exports );

1 The middle outer rim is for the relative distribution of the imports;

1 The third outer rim, which is the closest to the center of the three, stands for the

relative distribution of the exports;
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1 The thicker inner rim, which has absolute values, represents the color of the country;
I The chords are colored with the color that stands for the importing country

(destination of the flow) and have a set transparency.

The outer rims may be excluded for countries that only import or export. Because it is
relevant to identify flows with European countries, the non -European countries have been
attributed a shade of grey while European countries have been attributed a shade  of a color.
Additionally, it is possible to observe that the chords are detached (white space between
the chord and the rim that represents the color of the country) on one side and attached on
the other.

It is possible to observe that the main exporter of cobalt ores and concentrates is the
Democratic Republic of the Congo, and the main importer is China. China also has imports
from other Asian countries not elsewhere specified (OtherAsianes in  Figure 9) but no
exports, which either means that the material is fully consumed in the Chinese market or
that it is transformed into another product before it is exported, which is the case, as

presented in this document.

The flows with European countries are all significantly smaller compared to the trade
between China and the Democratic Republic of the Congo. A European flow that is easy to
observe is a flow of cobalt ores and concentrates from ltaly to France. However, t his is a flow
that requires further explanation, as Italy has no domestic extraction of cobalt (see Figure 5
and Figure 6) and no imports of cobalt ore. It is possible that this is either an error in the
data or a flow from a stock acquired in a different year or accumulated in a span of several
years. Figure 28 to Figure 31 in appendix 8.2 present plots with time series of the imports
and exports for Italy and France. These values suggest that the exports from Italy may be

the result of an accumulated stock imported in 2003.

Cobalt mattes and other intermediate products of cobalt metallurgy, unwrought cobalt,
waste, and scrap, powders (HS code 810510) are also traded as unrefined cobalt. The global
trade of these products amounted to 395 kt in 2021. The largest exporter was the
Democratic Republic of Congo , with 88% of total exports, while the largest importer was
China with 97% of total imports (see Figure 10 and Figure 11).The cobalt content of cobalt
mattes is around 1.5% to 2%, of unwrought cobalt , it can be 60% to 68% depending on the

form in which the unwrought cobalt is presented, and of powders is about 99%.
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Figure 10: Top-20 (a) exporters and (b) importers of cobalt mattes and other intermediate products
of cobalt metallurgy, unwrought cobalt, waste , and scrap, powders in kilotonnes (kt). Total traded =
394 kt. Based on: CEPII-BACI database, version 202301 updated in February 2023 (Gaulier &
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Figure 11: Trade of cobalt mattes and other intermediate products of cobalt metallurgy, unwrought
cobalt, waste and scrap, powders, in tonnes (t). Total cobalt products traded = 395 kt. Based on:
CEPIIBACI database, version 202301 updated in February 2023 (Gaulier & Zignago, 2010) .

For cobalt refined products, international trade amounted to 43  kt in 2021 (see Figure 12
and Figure 13). In this report, cobalt products consist of cobalt oxides and hydroxides (HS
code 282200), and cobalt articles not elsewhere specified (HS code 810590). Similar to
cobalt ores and concentrates, the main exporter of cobalt products was the Democratic
Republic of Congo with 73% of total exports, followed by Finland (3%), China (2%), Canada
(2%), and Belgium (2%). For cobalt product imports, China was the lar gest importer , with
74% of total imports, followed by South Korea (4%), the US (3%), Belgium (2%), an d Japan
(2%).
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Figure 12: Top-20 (a) exporters and (b) importers of cobalt products (Cobalt oxides and
hydroxides: commercial cobalt oxides; and other excluding waste and scrap), in kilotonnes (kt).
Total cobalt products traded = 43 kt. Based on: CEPIlI -BACI database, version 202301 updated in
February 2023 (Gaulier & Zignago, 2010) .
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Figure 13: Trade of cobalt oxides and hydroxides: commercial cobalt oxides; and other excluding
waste and scrap in 2021 represented in a chord diagram, in tonnes (t). Total cobalt products traded
= 43 kt. Based on: CEPII-BACI database, version 202301 updated in February 2023 (Gaulier &
Zignago, 2010) .
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2.1.2 Secondary sources and flows

There is high uncertainty in the data related to secondary production/recycling rates of
cobalt, and the values can vary with the sources (BRGM, 2021). Roskill has estimated the
supply of recycled cobalt in the market to be between 10 and 15 kt in 2020, of which 65%

is from battery recycling, 24% from tungsten carbide recycling , and 11% from the recycling
of alloy scraps and catalysts (Cobalt Institute, 2021a) . UNEP, on the other hand, estimates
that the secondary production of cobalt is 25 kt, with mos t coming from "new scrap"
(manufacturing offcuts).

Waste and scrap trade flows

For cobalt waste and scrap (HS code 810530), international trade amounted to 0.16 kt in
2021. There were only 15 trade partners (see Figure 14 and Figure 15). The largest exporter
of cobalt waste and scrap was Belgium , with 48% of total exports, followed by Austria (26%),
Australia (12.5%), Bosnia and Herzegovina (7%), Bulgaria (5%), Bangladesh (1%), and Brazil
0.5%). Main importers were US (26%), Germany (22%), Sweden (17%), United Kingdom
(16%), India (12%), Singapore (6%), Russia (1%), and the Netherlands (1%). Considering the
exports -imports connection, exports from Belgium to the US constituted 26% of total cobalt
waste and scrap traded. Together with exp orts from Austria to Sweden (17%) and from
Belgium to India a nd the United Kingdom (20%), those trade flows represented more than

60% of total cobalt waste and scrap.
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Figure 14: Total exports (a) and imports (@) of cobalt, waste, scrap (t) by country in 2021 for the
countries with the largest trade flows, in kilotonnes (kt). Total cobalt waste and scrap traded: 0.16
kt. Based on: CEPIFBACI database, version 202301 updated in February 2023 (Gaulier & Zignago,

2010).
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Figure 15: Chord diagram representing cobalt waste and scrap trade flows between countries for
2021, in kilotonnes (kt). Total cobalt waste and scrap traded = 0.16 kt. Based on: CEPII -BACI
database, version 202301 updated in February 2023 (Gaulier & Zignago, 2010) .
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2.1.3 Key companies/actors or focus on Europe and cobalt
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Figure 16: Cobalt supply chain network in 2016. From van den Brink et al. (2020a). Nodes represent
countries and companies, with sizes corresponding to cobalt production levels (mined and refined).
Orange links denote connections between companies, green links between operators and mines
(refineries as operators), and purple links betw een companies and locations. Colors represent
countries (dark purple), mines (light purple) mine operators (green), mine shareholders (orange)
and refineries (blue). Refer to van den Brink et al. (2020) for company name abbreviations.

The key players in the cobalt supply chain have been identified by van Brink et al . (2020a).
The researchers develop a visualization of the company network (see Figure 16). Their
results reveal that global cobalt mining is largely dominated by a limited number of mine
operators, primarily situated in the Democratic Republic of the Congo. In contrast, cobal t
refining is concentrated in China but involves a more evenly distributed number of
companies. Notable entities in the cobalt supply chain include:

1 Glencore: The largest shareholder, Glencore , holds shares in multiple mine operator
companies in the Democratic Republic of the Congo, Australia, Canada, and Norway
(Glencore, 2023), making it a pivotal player in the cobalt supply chain.

1 Mutanda ya Mukonkota Mining and Tenke Fungurume Mining, both operating in
DRC: These operators are among the largest, contributing significantly to global

cobalt production.
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1 Jervois (2023) -including the former Freeport Cobalt Oy - in Finland and Huayou
Cobalt (2023) in China: These refineries play a crucial role in the cobalt refining

process, underscoring their importance.

While these companies are major players, the cobalt production landscape is relatively
diversified, as indicated by the Herfindahl -Hirschman Index (HHI) scores, which are 990 for

operators, 1360 for shareholders, and 730 for refineries.

Most shareholders have a single link to one operator company, but a few, such as Glencore,
hold shares in multiple mine operator companies. Companies with many linkages may pose

a higher risk to the global cobalt supply chain if they experience disruptions . Glencore acts
as a critical bridge between other companies or countries, enhancing supply chain

resilience. The removal of these nodes can significantly impact the overall supply chain.

Multinational companies such as Glencore, Vale, Norilsk Nickel, and Chambishi Metals are
prominent for their vertical integration, owning both cobalt mines and refineries, further
solidifying their influence in the cobalt supply chain. Although the key players were
identified in 2016, the current supply chain remains with a similar structure (SCRREEN2,
2023). For example, the largest cobalt producer in 2021 was Glencore, followed by Eurasian
Group LLP, CMOC Group Ltd., Gécamines SA, and CN Nonferrous Mini ng Corp. Ltd (S&P
Global, 2023) .

Within the EU, a few key players contribute significantly to the cobalt supply chain. Mining
companies include Terrafame in Finland, known for its contributions to cobalt production
(Terrafame, 2023). In Spain, Aguablanca plays a significant role in sourcing cobalt within the
EU (Aguablanca, 2023) . Moreover, in the refinement of cobalt products, Eramet is becoming

a significant player within the European landscape for battery recycling (Eramet, 2023).
2.1.4 Unit processes

Figure 17 summarizes cobalt transformation throughout the supply chain, including  the unit
process in each stage. As mentioned in Section 2.1.1, there are multiple types of cobalt
deposits at the beginning of exploration and extraction, such as stratiform sediment  -hosted
copper -cobalt, nickel -cobalt laterite, and magmatic nickel -copper -cobalt sulfide. These
forms are transformed into cobalt sulfide (CoS) and cobalt hydroxide (CoOH), as well as
sulfide cobalt matte (from magmatic Nisul fide). Then, the refining stage is used to transform
CoOH into cobalt chemicals (i.e., carbonates and sulfates) and/or CoOH, CoS, and matte

into cobalt metal and cob alt powders. In the downstream supply chain, these cobalt forms
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are used to produce tricobalt tetraoxide (Co 30.4), nickel cobalt manganese hydroxide, and
nickel cobalt alum inum oxides, which are applied in catalysis, batteries, pigments, and
magnetic materials (SCRREEN2, 2023) Furthermore, refined cobalt compounds are
transformed into lithium cobalt oxide and cathode materials  &such as Li (NiMnCo)O , and

Li(NiCoAl)O .- that have direct application sin Li-ion battery manufacturing.
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Figure 17: Upstream and downstream cobalt supply chain and unit processes.

2.2 Lithium

2.2.1 Primary sources and flows

Deposits acurrent and future sources
This section will be updated in the final deliverable D3.8.
Extraction and refining

In 2021, the global lithium extraction amounted to 115 kilotonnes (kt) of lithium mined in Li
content (see Figure 18). The main supplier of lithium mined was Australia , with 48% of the
total global extraction, followed by Chile (26%), China (12%), Argentina (9%), and the US
(4%). Other suppliers of lithium mined were Zimbabwe, Portugal, Bolivia, Brazil, and Nigeria,

which represented around 0.7% of global lithium extract ion.
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Figure 18: Lithium mined (in Li content) per country for 2021 . Based on: BGS database (2023).

Trade

The global trade of lithium products amounted to 275 kt in 2021  (see Figure 19 and Figure

20). In this report, lithium products include lithium oxides and hydroxides (HS code 282520)
and lithium carbonate (HS code 283691). The largest exporter of lithium products was Chile
with 53% of total exports, followed by China (30%) and Argentina (11%) (see Figure 19).
Regarding imports, the largest importer was South Korea , with 35% of total imports,
followed by China (30%) and Japan (20%). Within the EU, the Netherlands was the largest
exporter of lithium products, representing around 5% of global exports. Furthermore, the
Dutch exports consisted of lithium carbonates, lithium oxides, and hydroxide.
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Figure 19: Top-20 (a) exporters and (b) importers of lithium products (lithium carbonate, and
lithium oxide and hydroxide) in kilotonnes (kt). Total lithium products traded = 275 kt. Based on:
CEPIIBACI database, version 202301 updated in February 2023 (Gaulier & Zignago, 2010).
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Figure 20: Chord diagram representing lithium products trade flows between countries for 2021, in
kilotonnes (kt). Total lithium traded = 275 kt. Based on: CEPIFBACI database, version 202301
updated in February 2023 (Gaulier & Zignago, 2010).

2.2.2 Secondary sources and flows

This section will be updated in the final deliverable D3.8.
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2.3 Natural graphite

2.3.1 Primary sources and flows
Deposits acurrent and future sources

This section will be updated in the final deliverable D3.8.

Extraction and refining

Global natural graphite extraction amounted to 1270 kt (see Figure 21). The main producer
of natural graphite was China, with 65% of the total global extraction, followed by

Madagascar (8%), Brazil (7%), Mozambique (6%), and South Korea (3%). Other suppliers of
natural graphite were Turkey, India, Russia, Austria, Ukraine, Norway, and Canada, which

represented 11% of global natural graphite extraction.
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Figure 21: Natura graphite mined per country for 2021, in kilotonnes (kt) . Based on: BGS database
(2023).

Trade

The trade of natural graphite amounted to 1077 kt in 2021 (see Figure 22 and Figure 23).1In
this report, natural graphite includes both powder or flakes (HS code 250410) and in other
forms, excluding powder or flakes (HS code 250490). The largest exporter of natural
graphite was the US, with 47% of total exports, followed by China (25%), Madagascar (8%),
and Mozambique (6%). Furthermore, the largest importer was the Dominican Republic , with

46% of total imports, followed by Japan (9%) and China (6%). However, Figure 32 to Figure
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35 show how atypical the flow is for the Dominican Republic. The detailed data shows that
this is a flow from the HS code 250490 and that it was imported from the USA. It seems that
this flow between the USA and the Dominican Republic can represent a part icular situation
of one year or an inexplicable reason. Other databases and documents do not indicate a
major role of this Caribbean country in the natural graphite supply chain (see, for example,
BRGM, 2024). Besides the USDominican Republic trade, o ther key importers were

Germany, South Korea, the US, and India, whose combined share was almost 20% of total

imports.
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Figure 22: Top-20 (a) exporters and (b) importers of natural graphite in kilotonnes (kt). Total traded
= 1077 kt. Based on: CEPII-BACI database, version 202301 updated in February 2023 (Gaulier &
Zignago, 2010).
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Figure 23: Chord diagram representing natural graphite trade flows between countries for 2021, in
kilotonnes (kt). Total natural graphite traded = 1077 kt. Based on: CEPIl -BACI database, version
202301 updated in February 2023 (Gaulier & Zignago, 2010).

2.3.2 Secondary sources and flows

This section will be updated in the final deliverable D3.8.
2.4 Neodymium

This section will be updated in the final deliverable D3.8.

2.4.1 Secondary sources and flows

This section will be updated in the final deliverable D3.8.
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3 Leverage points for traceability technologies

Leverage points are specific junctures in the supply chain where even minor adjustments
can lead to significant positive changes, corresponding to strategic intervention spots
(Bolton, 2022; Fischer & Riechers, 2019). Moreover, levers represent the practical tools and
methods that are implemented at these leverage point s to facilitate changes in a system
(Chan et al., 2020). By focusing on these strategic areas and employing the right tools, we
can ensure that small, well -placed interventions result in substantial improvements in supply

chain transparency and traceability.

In this report, we define leverage points as the specific junctures in the supply chain  where
the deployment of traceability technology can contribute the most to the traceability of the
materials, thus verifying their provenance and avoiding fraud. A set of three criteria to

identify these strategic points of the supply chain was selected:

1 Changes in locatio n.
I Transformations in material state and chemical modification s.

1 Changes in ownership.

Changes in locations

These are the points that coincide with processes that can influence traceability . Examples
of these strategic points are ports of entry in the EU, where the authenticity of materials is
meticulously verified. These pivotal points serve as checkpoints, ensuring the accuracy and
reliability of digital product passports (DPPs) and chemical traceabilit y to ensure material

authenticity and transparency throughout the supply chain.

The ports of entry in the EU can be identified by mapping the supply chain of the material

in question, as presented in chapter 2. By tracking the import and export flows, not only can
the ports of entry in the EU be identified, but also the origin of each flow, for the case of
cobalt. For example, Figure 11 shows that the Netherlands and Belgium import significant
amounts of cobalt mattes and other products with origins in countries like Canada, Russia,
Madagascar, Morocco, and China. As circular economy policies evolve and the market for
secondary materials becomes larger, it is also important to track these flows. Figure 14
shows that European countries like Belgium, Austria, and Bulgaria export significant
amounts of cobalt waste that is bought by a variety of EU and non -EU countries. This analysis
suggests that ports in Belgium and the Netherlands are then key leverage poin ts to deploy

traceability verification measures, ensuring that the materials entering Europe have their
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true provenance documented. This example shows how supply chain mapping can provide

relevant information to identify leverage points.

Transformations in material state and chemical modifications

Changes in chemistry, mixing, and splitting refer to any physicochemical transformation
occurring to materials throughout their supply chain (from extraction to end -of-life
products). Any process that can affect the material and its traceability, like chan ges in
chemistry, mixing, and splitting, needs to be considered in the choice of leverage points in
order to ensure the reliability of the chemical and digital tracing of the materials. ~ Figure 24
illustrates the processes that the selected materials explored in this project are subject to.
The choice of leverage points will require an analysis of these processes to identify key
leverage points that should be monitored by sophisticated tools, such a s chemical

traceability through material fingerprinting.
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Figure 24: Process-level mapping of lithium, cobalt, natural graphite, and REEs for EVs and wind turbine manufacturing. Retrieved from: D2.1, Ma  DiTraCe
project (Donnelly et al., 2023) .
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Changes in ownership and vertical integration of supply chains

Changes in ownership encompass the legal procedures through which a company or
stakeholder officially becomes the new owner of raw materials or products. Considering
supply chain traceability, monitoring changes in ownership involves identifying materiala nd
title transfers, as well as adhering to the Chain of Custody protocols (see Chapter 4 for
detailed information). Furthermore, vertical integration might occur when a company or
stakeholder operates in one or more stages in the supply chain. Glencore, for example,
conducts its activities in mining and refining, which implies an integrated business with

ownership acros s supply chain stages.

Within the EU, assessing changes in ownership and vertical integration of supply chains can
be facilitated through various reliable sources of information. For example, the European
Business Register (EBR) provides detailed company ownership data (European e-Justice
Portal, 2023). ldentifying changes in ownership for companies outside the EU can be
challenging due to the accessibility of their registration information (Open Corporates,
2023). However, one potential source of information is the S&P Globa | database (S&P
Global, 2023), which offers pertinent data on company ownership, serving as a reliable

indicator for changes in ownership events.

Identifying leverage points for traceability technologies requires a comprehensive
methodology. This involves a hotspot analysis of the supply chains associated with the
respective materials. Moreover, other considerations, such as where it is strategically most
beneficial to deploy traceability technologies, should be d  efined as part of the criteria for a
leverage point. This methodology will be proposed in D3.8.  In the next chapter , the example

of the lithium supply chain is described.

3.1 Lithium supply chain and material fingerprint case

study

The lithium supply chain case is well suited to highlight and identify the leverage points to
be covered by the material fingerprinting protocol developed in the MADITRACE project.
Processes, transportation, and changes in ownership vary widely for a commodity
depending on the country of origin and policies, deposit type, capacity of production and
processing, costs, and global market , as well as the chemical form of the final product and
its uses. To cover the leverage points for the traceability of these products following the

three criteria mentioned earlier (processing, transportation, and ownership changes) is a
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complex task because of the multiple steps of chemical processes and transports from the
mine to the final product. Figure 25 is an example of the pathways of four different lithium
hydroxides used in the battery sector imported in Europe (Desaulty et al., 2020; Grant et al.,

2020; Kesler et al., 2012; Swain, 2012).
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Figure 25: Process pathways to manufacture four different LIOH.H20O products sold in Europe modified from Grant et al. (2020). The  transportation,
extraction , and purification stages represent leverage points to be covered by the material fingerprinting protocol developed in the MADI TRACE project














































































