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A B S T R A C T

The increasing adoption of electric vehicles (EV) is growing demand for battery raw materials including lithium,
cobalt, nickel, and manganese. The potential for Voluntary Sustainability Initiatives (VSI) to mitigate the social
and environmental impacts of mine development and operation is now in focus as resource supply scales rapidly.
This study examines and synthesizes the drivers and barriers that influence extractive companies to voluntarily
adopt sustainability initiatives, including certification and reporting, to mitigate social and environmental im-
pacts. The methodology involved a thematic analysis of articles, initially identified through a systematic keyword
search and further expanded with a snowball search technique. Thematic insights were classified and mapped
against actors operating within the lithium-ion battery value-chain. The research found that drivers for adopting
voluntary sustainability initiatives include maintaining market access, and addressing the increased need for
frameworks to facilitate communication between companies and local communities. Barriers encompass short-
term greenwashing undermining VSI legitimacy, and the lack of comprehensiveness of such initiatives
regarding risk identification and risk mitigation for responsibly sourced commodities.

1. Introduction

A key strategy for reducing greenhouse gas (GHG) emissions is the
electrification of the transportation sector to enable the use of low-
carbon energy sources (Habib et al., 2020). Several countries and
manufacturers are implementing policies to phase-out internal com-
bustion vehicles (IEA, 2020). The shift towards renewable energy gen-
eration and clean energy storage is increasing the demand for minerals
used in lithium-ion batteries (LIBs), creating supply concerns (Dominish
et al., 2019), especially since these raw materials are often concentrated
in resource-rich geographies in the Global South (Riofrancos, 2023).
These concerns are particularly focused on lithium-ion cathode mate-
rials due to their high relative cost (20 % of a LIB), often composed of
lithium (Li), nickel (Ni), manganese (Mn), and cobalt (Co) in varying
quantities, depending on battery chemistry (Habib et al., 2020; Murdock
et al., 2021; Nitta et al., 2015).

Overall, the mining sector is under pressure from investors, regula-
tors, and civil society to engage in supply-chain reporting (Franken and
Schütte, 2022). The European Union (EU) has established regulation
concerning batteries and waste batteries that, among other elements,
requires carbon footprint declarations for electric vehicle (EV) batteries,

and supply chain due diligence procedures (European Union (EU),
2023). Moreover, consumer-facing companies such as EVmanufacturers
play a significant role in gauging customer sentiment, willingness-to-pay
and perceived value towards products and their respective environ-
mental and social impacts within their supply chain (Amnesty Interna-
tional, 2017). Companies working directly with the extraction of battery
minerals are being exposed to increased pressure to play a role in
mitigating the negative impacts of mineral extraction and processing
(Franken and Schütte, 2022). An established way to enact more sus-
tainable practices related to raw material extraction, production, and
processing phases is through the adoption of Voluntary Sustainability
Initiatives (VSIs), inclusive of standards and certification schemes
(Franken et al., 2020). Significant advancements have been made in
developing standards and certifications tailored to battery minerals.
Industry organizations and multi-stakeholder platforms have increas-
ingly focused on materials used specifically in batteries such as the
Battery Passport, (Global Battery Alliance, 2024), The Nickel Mark (The
Nickel Institute, 2024), and the Guidance on determining the product
carbon footprint of lithium products (International Lithium Association,
2024). Furthermore, the Responsible Minerals Initiative (RMI) has
dedicated focus to cobalt since 2017, with a range of tools and resources
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made available, such as the Responsible Minerals Assurance Process
(RMAP) providing independent third-party assessments, and Conformant
Cobalt Refiners assessment reports (Responsible Minerals Initiative,
2024).

This study aims to inform discussions on the adoption of VSIs by
providing a systematic understanding of the implementation of sus-
tainable practices across the minerals and metals sector, focusing on
lithium, nickel, manganese, and cobalt. Tröster and Hiete (2018) high-
light the complexity of assessing VSI legitimacy, noting that it varies by
industry, commodity, and geography. We will explore the specific
drivers and barriers to the adoption of voluntary practices in mining
operations, influenced by supply-chain factors intrinsic to battery
supply-chains, under the lens of the current green energy transition. We
also elicit drivers and barriers ubiquitous to the mining sector, that in
turn, also influence battery minerals. Our research advances the un-
derstanding of how voluntary initiatives can legitimize sustainable
sourcing efforts amidst contested debates about corporate social re-
sponsibility (CSR) in mining operations. However, this study also criti-
cally examines how the potential for short-term greenwashing erodes
VSI credibility, which can undermine genuine sustainability efforts in
raw material mining. Finally, we explore the role that VSIs might play in
helping battery and EV manufacturers mitigate supply risks, and the
challenges associated with provenance tracing.

This research employs a thematic analysis, drawing on literature
from Corporate Social Responsibility (CSR), Environmental, Social, and
Governance (ESG) management, Environmental Stewardship, and
overall mining literature. Our objective is to answer the question: “What
factors drive or hinder the adoption of voluntary sustainability initiatives in
mining operations extracting lithium, nickel, manganese, and cobalt for
lithium-ion batteries?”. The paper is structured as follows: Section 2 in-
troduces the research context and background, Section 3 details the
methodological framework, Section 4 presents key findings, Section 5
discusses the identified drivers and barriers, and Section 6 concludes
with final remarks and future research directions.

2. Background to voluntary sustainability initiatives

Since the 1990s, the mining sector has increasingly adopted self-
regulation and transnational governance frameworks to address the
complex social, environmental, and economic challenges it faces. Ini-
tiatives such as the establishment of the International Council on Metals
and the Environment (ICME), under the auspices of the Mining Associ-
ation of Canada (MAC) marked the beginning of formal self-regulatory
efforts for the sector with a code of conduct for environmental man-
agement (Bomsel et al., 1996). Over time, these efforts have expanded to
include comprehensive self-regulatory mechanisms at both national
industry and firm levels, aimed at improving social and environmental
performance indicators due to external control and scrutiny, with some
self-regulatory efforts involving very specific actions that serve to reduce
externalities for a specific industry (Peck and Sinding, 2003). These
non-state market-driven systems have proliferated to address problems
that span global areas and have a far-from-trivial potential for impact (e.
g. fisheries depletion, forest deterioration, environmental impacts from
mining) (Bernstein and Cashore, 2007). These systems are not legiti-
mized by default, but can achieve “the acceptance of shared rule by a
community as appropriate and justified”

a (Bernstein, 2004, p. 142).
Non-state market-driven governance shifts authority away from tradi-
tional state regulation toward market-based instruments such as certi-
fications, adopted voluntarily. These instruments, driven by market
demand and buyer preference, create incentives for firms to adopt sus-
tainable practices, thereby establishing authority and legitimacy
through market dynamics rather than state influence. The legitimacy

and adoption of these governance systems occurs across the supply
chain, as economic actors at each point of exchange choose to abide by
the rules inherent in this system, reinforcing its authority throughout the
production process (Cashore, 2002).

Voluntary initiatives at a mine-site level were first documented in
1992, with the Whitehorse Mining Initiative (WMI), led by a group of
Canadian companies and representatives from civil society, under the
leadership of the Mining Association of Canada (MAC). The WMI efforts
were oriented towards promoting a common vision among stakeholders
with respect to the future of the industry. The main areas addressed
involved finance/taxation, environment, land-access, and workforce
(UN departament of economic and social affairs, 1999). Regarded as a
successful endeavor in demonstrating the potential of multistakeholder
collaboration (Potts et al., 2018, p. 11), WMI inspired other global ini-
tiatives like the Extractive Industries Transparency Initiative (EITI) in
2002, which leveraged government and other actors in mineral
supply-chains to guide demand, capacity, and commitments among
producing countries. Other initiatives such as the Towards Sustainable
Mining (TSM) from 2004, also under the leadership of MAC, have
focused on mine-level commitments, designed to meet the rising de-
mand for responsible, industrial-scale mining, operating as a generic
multi-commodity initiative.

In the years after the WMI, the landscape of voluntary initiatives
grew in scope, approach, and focus. A comparative study done by the
German Federal Institute for Geosciences and Natural Resources (BGR)
mapped more than 50 Sustainability Standards Systems (or schemes)
that are applicable to the mineral sector (Kickler and Franken, 2017).
These vary significantly regarding the number of sub-issues addressed,
extent of requirements, and specificity. Global schemes aimed towards
large-scale mining like the International Council on Mining and Metals
(ICMM) Sustainable Development Framework (ICMM, 2023), the
Initiative for Responsible Mining Assurance (IRMA) (IRMA, 2018), the
Global Reporting Initiative (GRI) Reporting Principles and Standards
(GRI, 2023), and the International Finance Corporation (IFC) Environ-
mental and Social Performance Standards (IFC, 2012), cater to various
mineral commodities across several geographies. Additionally, there are
commodity-specific schemes for copper (Copper Mark), gold (Cyanide
Code and the World Gold Council Industry Standards), aluminium
(Aluminium Stewardship Initiative), and others. Lastly, the governance
structure of such standards systems also varies significantly, with some
being industry led (e.g. ICMM), others being industry-led with struc-
tured stakeholder engagement (e.g. TSM), and some being non-industry
initiated, but industry inclusive (e.g. IRMA) (Erdmann and Franken,
2022). Moreover, the involvement of civil society and impacted stake-
holders in the development process of these schemes can increase
legitimacy, even with a longer ramp-up period. Nonetheless, despite
decades of development, the long-term impact and uptake of these ini-
tiatives remains uncertain and often varies by commodity and geogra-
phy. However, the focus on short-term impacts without acknowledging
longer-term changes might serve immediate corporate interests to
discredit established reporting requirements (Franken and Schütte,
2022). Specific to the mining industry, the adoption of voluntary stan-
dards is described as a key indicator of early mover status (Dashwood,
2012) providing firms with cooperative relations with government
regulators and greater flexibility in the enforcement of existing envi-
ronmental regulations (Potoski and Prakash, 2005), which might act
against VSI legitimacy. Some authors consider VSIs to be the “second
best option”, being useless in front of total conformity with national and
international laws, regulations, and standards (Franken et al., 2012).
Moreover, community relations and development, under the umbrella of
CSR, can be deployed to de-escalate crises, becoming purely trans-
actional approaches to community relations and mining (Kemp and
Owen, 2013). Assessing the legitimacy of VSIs is complex, being defined
by their ability to solve a problem, behavioral effectiveness, market
diffusion, and constitutive effectiveness, which are industry-, commod-
ity-, and geography-specific (Tröster and Hiete, 2018). The EV industry,

a The original quote from 2005 is “the acceptance and justification of shared
rule by a community”, updated on Bernstein’s work from 2007.
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and the lithium-ion battery manufacturers by proxy, face a significant
challenge when keeping a secure, responsible, and sustainable stream of
minerals. Raw materials such as lithium, nickel, manganese, and cobalt
are extracted from mines located in diverse regions - Often in countries
like Australia, Chile, Indonesia, and the Democratic Republic of the
Congo. As the goods move mainly from the Global South to the Global
North, transnational governance plays a critical role across these layers.
The multi-layered and multi-tiered aspect of this value chain is show-
cased by Fig. 2.1.

The material complexity in batteries and the fact that the extraction
phase accounts for only about 0.5 % of a lithium-ion battery’s value-
added, contrasts sharply with industries like coffee, where 20 % of the
value is added during extraction (Wills et al., 2018). Additionally, the
complexity is compounded in the EV sector by the vast number of sup-
pliers involved. For example, Panasonic, a leading EV battery manu-
facturer, works with over 10,000 suppliers globally (Panasonic, 2021).
The complexity of battery supply chains can hinder the recognition of
issues with deep suppliers. Junior mining companies, in particular, are
more vulnerable to supply chain volatility and have less influence on
sourcing practices due to their dependency on suppliers (Kalaitzi et al.,
2019).

Whilst national adoption of standards have been implemented in
some jurisdictions, the impacts of mining for battery minerals often
extend beyond national borders, with demand concentrated in more
affluent nations, and supply concentrated in less developed regions
(Agusdinata et al., 2022). On that note, voluntary certification schemes
can complement national standards when Original Equipment Manu-
facturers (OEMs) engage with tiered suppliers, being a way to reduce
uncertainty and legitimize a claim within a multi-tiered supply chain
that involves producing nations from the Global South (Sauer, 2021).
Well established OEMs of a multi-tiered supply chain work towards
translating their reputational risk to minimum required standards by
their suppliers (Potts et al., 2018). This is done to mitigate the reputa-
tional risk they might be exposed to due to association with the social
and environmental impacts of their suppliers. Also, multi-tiered supply

chain initiatives fundamentally rely on the effective communication of
information, from raw material sourcing to product end-use with
emerging technologies and process innovations, like material finger-
printing and decentralized ledger technologies (using distributed data-
bases, such as blockchain, to securely record and verify transactions),
enhancing this communication, particularly in supply chain traceability
(Vasilyev et al., 2022). However, the structural relations of power and
modes of governance that voluntary initiatives belong have been criti-
cized for potentially undermining national regulations, particularly in
the Global South. Critics argue that certification schemes may serve
corporate interests while neglecting deeper social or environmental re-
forms through regulatory capture, where industrial interests are overly
represented (Blackman, 2008).

It becomes evident that the landscape of self-regulatory frameworks
within the mining sector is complex and evolving. The adoption of such
VSIs might be driven by a combination of market pressures, environ-
mental concerns, and stakeholder engagement, although there’s no
consensus on the main adoption drivers. Despite their proliferation,
their effectiveness is still unconfirmed. With an expectation of increased
demand for battery minerals in the near future, the emphasis on ana-
lysing the landscape of VSI adoption is important and timely.

3. Methods

A thematic analysis was conducted to identify drivers and barriers to
VSI adoption in mining operations part of battery minerals supply
chains. We performed detailed keyword search in the literature, utilizing
well-established terminologies related to voluntary sustainability in the
mining sector. The selected articles were complemented by a snowball
search, given the method’s effectiveness in uncovering primary studies
(Wohlin et al., 2022). By design, we’ve not included grey literature in the
main corpus of the analysis and have kept the focus on peer-reviewed
academic literature. The information within these articles was then
systematically categorized into themes specifically focused on the
various drivers and barriers influencing VSI adoption. The scope of this

Fig. 2.1. Steps involved in the lithium-ion batteries’ supply-chain, with particular emphasis on minerals used in cathode active materials.b

b The figure maps the EV’s lithium-ion batteries’ supply-chain, with particular emphasis on battery minerals. Definitions of upstream and downstream steps were
taken from (Erdmann& Franken, 2022) and definitions of tiers within supply chain were based on (Petavratzi & Gunn, 2023). The basic structure of the cobalt supply
chain for battery manufacturing was taken from (Deberdt & Le Billon, 2022), the lithium overarching processing steps were taken from (Khakmardan et al., 2023),
nickel primary production routes were taken from (Schmidt et al., 2016), and manganese supply chain steps from (Snow, 2018).
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was focused on the production of lithium, nickel, manganese and cobalt
due to their critical role in manufacturing cathode active materials
(Habib et al., 2020; Helbig et al., 2018).

3.1. Data sources and collection process

Previous bibliometric reviews suggest that the literature has not yet
coalesced into a cohesive discourse or direction (Agusdinata et al.,
2022). Initial keyword searches were guided by common terminology
identified in relevant reports such as: ‘Voluntary Sustainability Initiatives’
(Potts et al., 2018; Rutovitz et al., 2020), ‘Voluntary Sustainability Stan-
dards’ (Franken et al., 2020), ‘Sustainability Schemes’ (Kickler and
Franken, 2017), and ‘Sustainability Standard Systems’ (Erdmann and
Franken, 2022). To analyze the battery minerals supply-chain, we’ve
combined this with themes such as ‘lithium-ion battery’, ‘battery min-
erals’, ‘energy transition minerals’, and the commodity names (e.g.
lithium). A total of 16 queries were used, which the combinations are
described on Table 3.1. and under the tab 2_QUERIES in the supple-
mentary material. Queries were conducted on the 23rd of November
2023.

The first 8 queries (all focused on VSIs) yielded no results. This
finding is significant since it suggests a notable gap in the academic
literature regarding the integration of VSIs in the context of mineral
extraction for lithium-ion batteries. It seems that there’s a lack of
focused and integrative studies that combine such themes. Therefore,
this research highlights a critical area of future exploration. After an
initial screening of the literature, extra keywords were added to the
query to broaden the scope of the research by incorporating alternative,
yet related, terminologies. Keywords such as ‘Corporate Social Re-
sponsibility’ (and ‘CSR’), ‘Environmental, Social, and Governance’ (and
‘ESG’), and ‘Environmental stewardship’ were included. These yielding
significantly more results, as detailed on Table 3.2.

3.2. Data analysis framework

This purposive sampling initially yielded 150 results. After the
removal of duplicates, 111 articles had their abstracts analyzed for
thematic alignment, of which 69 were excluded for not aligning
thematically with mining or mineral supply-chains (e.g. “Application of
three-phase Current Source Converter in Power Battery Testing System for
Electric Vehicles” or “X-Ray Diffraction of Thin Polycrystalline Lithium-
Fluoride Films with Silver Nanoparticles on Amorphous Substrates”), leav-
ing 42 relevant documents. Further analysis and a snowball search
expanded this to include 125 additional articles, reports, and company
statements. Of these, 30 were relevant, bringing the total count to 72
documents for analysis. Company-specific reports and grey literature is

outside the scope of this work, and it’s been suggested as complementary
as part of an expanded future study.

A thematic analysis was then performed, being a widely-used
methodology that involves both deductive and inductive approaches,
outlined as a set of theme-building procedures (Braun and Clarke, 2006),
stimulating knowledge building with a constant comparative method
(Guest et al., 2012). The process follows a systematic guideline which
involves (i) Purposive Sampling; (ii) Initial Coding; (iii) Intermediate Cod-
ing; and (iv) Advanced Coding (Chun Tie et al., 2019), as described in
Table 3.3.

After the coding process, the codes were clustered into sub-categories
of drivers and barriers, with all the results being presented in Section 4
and discussed in Section 5. Drivers have been defined as ‘things that
motivate people to want to take action’; and barriers as ‘things that prevent
people from taking action’ (Khan, 2019). Within the context of this study:

I. Drivers: Internal or external forces that are responsible for the up-
take of Voluntary Sustainability Initiatives at a mining operation
involved in the extraction of lithium, nickel, manganese, or cobalt.

II. Barriers: Internal or external forces that demotivate companies or
prevent them from engaging with Voluntary Sustainability Initia-
tives at a mining operation involved in the extraction of lithium,
nickel, manganese, or cobalt.

The references are provided in the supporting information. A
descriptive overview of the data collection methods and analytical
framework used in this research can be found in Fig. 3.1.

4. Results

We initially analyzed the coverage of selected battery minerals
against their thematic and commodity-focused filters. This analysis
provided an initial overlap between the themes and the selected min-
erals, as shown in Fig. 4.1(A). A detailed paper-by-paper breakdown is
available in the supplementary material under the tab ‘2_REFERENCES’.
Additionally, we mapped individual mentions of battery minerals
against their combined themes, as showcased in Fig. 4.1(B). In terms of
spatial and research focus, a significant portion of published research
originates from authors affiliated in Australia, followed by the United
States and Canada. Most publications concentrated on the producing
countries of lithium, nickel, and cobalt, as presented in Fig. 4.2.

When compiling a list of drivers and barriers from the surveyed
literature, we focused on identifying those cited both with and without
the inclusion of "supply-chain" as a keyword, as detailed in Table 3.2. A
mapping of the drivers common to both sets of literature - those found
using the "supply-chain" keywords and those found without - is

Table 3.1
List of themes explored in the initial document selection. Each row represents a combination of key terms. Y = Yes; N = No. ESG = Environmental, social, and
governance. CSR = Corporate social responsibility. ES = Environmental stewardship.
Voluntary
initiatives

Broader sustainability terminology
(ESG/CSR/ES)

Supply-
chain

Lithium-ion
batteries

Lithium / Nickel / Cobalt /
Manganese

Battery
minerals

Energy transition
minerals

Results

Y N Y Y N N N 0
Y N Y N Y N N 0
Y N Y N N Y N 0
Y N Y N N N Y 0
Y N N Y N N N 0
Y N N N Y N N 0
Y N N N N Y N 0
Y N N N N N Y 0
N Y Y Y N N N 11
N Y Y N Y N N 16
N Y Y N N Y N 0
N Y Y N N N Y 0
N Y N Y N N N 40
N Y N N Y N N 82
N Y N N N Y N 1
N Y N N N N Y 0
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represented in Fig. 4.3 (for drivers) and Fig. 4.4 (for barriers). For both
images, the leftmost grouping combines the themes found in the liter-
ature surveyed under the ‘supply-chain’ filter, and on the rightmost
grouping, the themes found in the literature surveyed without the
‘supply-chain’ filter. In the middle, we can see the themes that are
common to both categories. A detailed breakdown of which sources the
drivers and barriers were found originally, and howmany works include
such drivers and barriers can be found in the supplementary material.
Tables 4.1 and 4.2 provide further descriptions and references for these
drivers and barriers, organized by the number of sources that discuss
them. These factors are often geography-specific, as well as mineral-
specific, supporting an analytical framework on the success of VSIs
such as the one proposed by (Tröster and Hiete, 2018). For example, the
concentration of cobalt supply in the Democratic Republic of Congo has
led auto manufacturers to implement responsible sourcing initiatives
(Malone et al., 2023) in response to client and investor concerns
(Deberdt and Billon, 2021). To expand on these insights, we also
analyzed drivers and barriers without the supply-chain filter, focusing
on mining operations not explicitly associated with the extraction of
lithium, nickel, cobalt or manganese. The most frequently cited factors,
not already covered in Tables 4.1 and 4.2, are presented in Tables 4.3
and 4.4.

5. Discussion

5.1. Drivers

5.1.1. Insights on company-community communication: social license,
conflicts, and voluntary sustainability

The findings presented at Table 4.1 underscore the critical need for
comprehensive frameworks on company-community communication,
especially in regions where lithium, nickel, and cobalt projects are sit-
uated, which often present high ESG risks (Lèbre et al., 2020). The social

aspect of this risk assessment is evidenced by the frequent social con-
flicts in such regions, including lithium mining in the lithium triangle
(Liu and Agusdinata, 2020), nickel mining in Indonesia (Hudayana
et al., 2020) and New Caledonia (Lassila, 2016), and cobalt mining in
both the United States (Malone et al., 2023) and the Democratic Re-
public of the Congo (DRC) (Savinova et al., 2023).

During the pre-permitting stage, when company-community con-
flicts are at their highest due to the proximate and imminent social and
environmental impacts, such as pollution, resource competition, and
lack of consent, concerns over health and safety and the influence of
external agents is particularly evident (Franks et al., 2014). Mine-site
developments being delayed, interrupted, and shut down due to pub-
lic opposition are ubiquitous (Moffat and Zhang, 2014), with most of the
company-community conflicts being observed during exploration,
feasibility, and construction (Franks et al., 2014). Past instances of
conflict, have resulted in mining operations being delayed, interrupted,
or shut down (Jenkins, 2004). With recent examples being the Jadar
Lithium mine project in Serbia, having its exploration licenses revoked
by the government due to strong protests (Wired, 2022), effectively
limiting further exploration of the combined indicated and inferred
resource of 143.5Mt at 1.80 % Li20 (~2.58 Mt Li2O) (Rio Tinto, 2022),
which could be relevant for future supply. Authors have discussed that
the implementation of sustainability certification schemes, taking the
form of VSIs, may be an effective mean of improving the
company-community relationship regarding environmental impact
mitigation and preventing opposition to mine-site development (Tröster
and Hiete, 2018). This poses an interesting reflection on the Jadar
lithium mine project, since Rio Tinto is a member of ICMM, with public
commitments to CSR (ICMM, 2024), it’s unclear from the literature re-
view if the adoption of VSIs are enough to avoid community opposition
to a project, and more importantly, if this should even be the driving
element behind VSI adoption.

Analyses of implementation of voluntary practices related to new

Table 3.2
Queries encompassing broader sustainability terminology, whilst still narrowed to minerals used in cathode active materials (lithium, nickel, manganese, and cobalt).
Themes Web of science query Results
Lithium-ion batteries; Broader sustainability
terminology;
Supply-chain

TS=("lithium ion" OR "lithium-ion" OR "electric vehicle*")
AND TS=("supply chain*" OR "value chain*")
AND TS=("Corporate Social Responsibility" OR "CSR" OR "Environmental, Social, and Governance" OR "ESG" OR
"Environmental stewardship")

11

Lithium-ion batteries; Broader sustainability
terminology;

TS=("lithium ion" OR "lithium-ion" OR "electric vehicle*")
AND TS=("Corporate Social Responsibility" OR "CSR" OR "Environmental, Social, and Governance" OR "ESG" OR
"Environmental stewardship")

40

Battery minerals (specific); Broader sustainability
terminology;
Supply-chain;

TS=("lithium" OR "Nickel" OR "Manganese" OR "Cobalt")
AND TS=("supply chain*" OR "value chain*")
AND TS=("Corporate Social Responsibility" OR "CSR" OR "Environmental, Social, and Governance" OR "ESG" OR
"Environmental stewardship")

16

Battery minerals (specific); Broader sustainability
terminology;

TS=("lithium" OR "Nickel" OR "Manganese" OR "Cobalt")
AND TS=("Corporate Social Responsibility" OR "CSR" OR "Environmental, Social, and Governance" OR "ESG" OR
"Environmental stewardship")

82

Battery minerals (generic); Broader sustainability
terminology;

TS=("battery mineral*")
AND TS=("Corporate Social Responsibility" OR "CSR" OR "Environmental, Social, and Governance" OR "ESG" OR
"Environmental stewardship")

1

Table 3.3
Research design steps of a thematic analysis. Adapted from (Chun Tie et al., 2019).
Thematic analysis
step

Description

Purposive sampling Purposive sampling is the first step and directs the collection and/or generation of data. The researcher purposively selects data sources that can be supportive
of answering the research questions. Moreover, this data collection process from secondary literature can be supplemented by a snowball search.

Initial coding This is a procedure for developing categories of information. The purpose of this step is to start the process of fracturing the data collected with purposive
sampling, and to incidentally find similarities and patterns in the data.

Intermediate coding Intermediate coding is a procedure for interconnecting the categories. At this research stage, core categories become more evident and some relationships
between categories are refined.

Advanced coding Advanced Coding is a procedure for connecting the categories. During this last step, theoretical integration is pursued. Concepts were integrated in pursuit of a
substantive theory.
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nickel projects in Southeast Sulawesi, Indonesia have linked CSR prac-
tices with an effective licence to operate (Hudayana et al., 2020). Cor-
relations between CSR implementation and community resilience were
drawn (Zainuddin Rela et al., 2020), which is corroborated by previous
studies that established that CSR projects contribute to economic wel-
fare, income, employment, and asset financing (Sarmila et al., 2015).
Agusdinata et al. (2023) has concluded that the nickel mining in Sula-
wesi contributes positively to the achievement of some SDGs, while
acknowledging a need to mitigate impacts related to effects on farmland
and displaced farmers.

Current perspectives view CSR primarily as a risk management tool
for companies (Agusdinata et al., 2023). For example, to expedite reg-
ulatory approval due to the absence of conflict, practices such as orga-
nizing public forums, funding community events, and donating to local
charities have been noted in proposed nickel mines in the United States.
Additionally, risk-management strategies such as public tours of unde-
veloped land are used to engage local community members. The
under-developed land showcased during tours doesn’t express the future
impacts and can be a method of suppressing opposition (Kojola and
McMillan Lequieu, 2020). Therefore, it’s crucial to understand the line
between the adoption of VSIs from an increased need for frameworks on
company-community communication (a mapped driver from this work),

and short-term greenwashing undermining genuine sustainability efforts in
mining (a barrier to the legitimacy of VSIs, affecting their adoption),
further explored under the barriers discussion section.

5.1.2. Navigating supply-chain pressures and VSIs
The drivers for VSI adoption span further than just its mining foot-

print. The second most frequently found driver in the literature we
covered is the need to manage supply-chain disruption risk. Supply risk is
often assessed through potential for supply reduction, increased de-
mand, product concentration, and political risk, with all minerals
described within this study (Li, Ni, Mn, and Co) presenting a high risk of
supply disruption (Helbig et al., 2018). These risks are exacerbated by
the geographical concentration of battery minerals, aligning regions
with high ESG risks to critical points in the global supply chain
(Agusdinata et al., 2022; van den Brink et al., 2020) (described under
driver “Geographical Concentration of Battery Minerals”). Long-term
supply strategies to address supply risk through cross-sector collabora-
tion have been emphasized (Petavratzi and Gunn, 2023), with VSIs
potentially playing a role in signalling risk management and mitigation
through transparent adaptive management.

When looking at the driver “Downstream pressure to mitigate reputa-
tional risk”, some authors claim that the automotive industry

Fig. 3.1. Descriptive methodological overview and coding process leading to the identification of drivers and barriers and how information is referenced.

Fig. 4.1. (A) Thematic overlap between research themes and battery minerals; (B) Distribution of mentions to individual battery minerals across combination of
research themes.
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procurement sectors are showing greater interest in responsible sourcing
practices for raw materials (Rutovitz et al., 2020). Due to the potential
for opposition and social impact associated with mining operations,
mining companies are especially vulnerable to reputational risks (Innis
and Kunz, 2020), making certification and compliance with standards
an attractive potential de-risking strategy. From the literature review
several key drivers relate to environmental performance monitoring,
namely: (i) Improved guidelines on life cycle assessment, (ii) increased need
to manage biodiversity impacts, and (iii) operating in complex water man-
agement contexts. The importance of monitoring environmental perfor-
mance and life cycle indicators at the source of raw material extraction
might be driven by legislation such as directives on corporate sustain-
ability due diligence (European Union (EU), 2023) and battery passports
(Berger et al., 2023). Article 77 of the most recent EU battery regulation
requires that, by 2027, operators provide a record of all stages of the
battery life cycle. Such regulation might be associated with harder
accountability¸ as mentioned by (Johnson and Khosravani, 2024), which
although wasn’t part of the analyzed literature, adds a significant
amount to the discussion. An important point raised is that, although the
EU’s battery regulation is mandatory, the transnational nature of the

battery supply chain might require voluntary environmental manage-
ment at the mining operation level to clarify any ambiguities or address
the potential overemphasis on European interests.

Lastly, the incorporation of mining stakeholders in initiatives related
to the responsible recycling of metals, such as the Roundtable on the
Responsible Recycling of Metals (RRRM, 2023) will likely lead to
increased requirements on visibility and transparency across the supply
chain. These all speak to an increased prominent role of transnational
corporations in mineral extraction. Extending on the importance of
improved monitoring efforts, an author discussed the need to incorpo-
rate life cycle assessments to capture the full costs of mineral extraction
(Agusdinata et al., 2022). Another author mentions that emerging
frameworks should consider that the legislation in the ’demand country’

should consider impacts from mining from the ’supplying countries’
(Kosai et al., 2022). Some authors discuss that for EV consumers, in-
formation about local impacts of minerals extractions should be factored
into the life cycle cost of EVs ownership (Mitropoulos et al., 2017) which
is consistent with a growing body of literature looking at telecoupling,
global value chains, global production networks, and other associated
concepts.

Fig. 4.2.. Geographic distribution of author affiliations (above), and spatial focus of analysis (below).
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5.1.3. Insights on investor impact on adoption of VSIs
Institutional investors are increasingly conscious of the environ-

mental performance of mining companies leading to higher environ-
mental performance expectations (Dyck et al., 2019), with some
investors using screening techniques or impact investing to incentivize
adherence to certifications and standards (Barber et al., 2021). It’s
important to call attention to the observation that while these actions
can improve the returns of specific portfolios, their overall impact on the
system may be limited. Moreover, institutional investors have recently
started to pay attention to responsible tailings management (Innis and
Kunz, 2020) that can be covered by standards such as the Global Industry
Standard on Tailings Management (International Council on Mining and
Metals, 2020), the Tailings Management Protocol encompassed by the
Towards Sustainable Mining standard (Towards Sustainable Mining,
2022), and the Community Health and Safety section of the Initiative for
Responsible Mining Assurance (IRMA, 2018). Similarly to
environmentally-oriented investment funds, socially responsible in-
vestment (SRI) is also growing rapidly and has been associated with
social signalling (Bialkowski and Starks, 2016), which may influence
institutional investors’ future investment decisions. The number of
institutional investors publicly committed to non-governmental, mar-
ket-oriented responsibility initiatives is significant, with more than 5319
signatories owning assets equivalent to U$121 trillion as of 2022 under
the UN Principles for Responsible Investment (UN PRI, 2022), requiring
disclosure of information on ESG integration and engagement efforts by

signatories. Lastly, increased cooperation among non-governmental
organizations (NGOs), governments, and companies has led to the
adoption of standards as a comprehensive framework for communica-
tion in a shared language (Barry et al., 2012), with NGOs also acting as
third-party certifiers and verifiers, which might provide NGOs with
extended sources for funding.

5.2. Barriers

5.2.1. VSI legitimacy, greenwashing, and feasibility
Petavratzi and Gunn (2023) highlight a significant gap between the

increased pace to develop new mining projects and the adoption of
better ESG practices. Downstream entities in the EV sector, encom-
passing design, development, component manufacturing, and produc-
tion, typically operate with a lead time not exceeding 10 years for new
projects. In contrast, upstream participants, responsible for extraction
and processing, can face a lead time surpassing 20 years, however this is
dependent on the economics of a project, with some operations having a
quick turn-around when there are clear and stable price signals. The
implementation of VSIs during the feasibility stage can extend the
exploration phase, consequently delaying the inauguration of new
mining operations. Also, it’s been noted that is in the investors’ interest
to minimize the mine construction time to ensure not only rapid payback
of the investment made, but also to minimize the risk of the conclusions
of previous studies becoming outdated and thus invalid. It remains

Fig. 4.3. Sankey diagram of drivers that were commonly found both in literature queried with supply-chain keywords and literature queried without such keywords.
The leftmost grouping (blue) combines the drivers found in the literature surveyed under the ‘supply-chain’ filter, and on the rightmost grouping (orange), the drivers
found in the literature surveyed without the ‘supply-chain’ filter. In the middle, all the drivers that are shared amongst these two groups.
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uncertain whether improved CSR practices during feasibility analysis
and community engagement can offset delays caused by community
opposition and the time needed to implement VSIs.

Moreover, CSR practices have been criticized as ways to circum-
navigate popular discontent. With an example of corporate dissonance is
the Weda Bay Nickel (WBN) Mine Project on Halmahera Island,
Indonesia. Palpacuer and Roussey (2023) described the repression and
defeat of several countermovements, also corroborated by the Envi-
ronmental Justice Atlas (EJ atlas, 2023), whilst Eramet describes it as a
‘success story’ (Eramet, 2023). Hudayana et al. (2020) concludes that
communal conflicts can be resolved through cooperation between
companies and communities through an established mechanism for
compensation. Such financial compensation might be sufficient to
eliminate public opposition, but no studies have shown direct correla-
tion with long-lasting sustainability goals.

Hence, we argue that the social-licence-to-mitigate-risk narrative
merits criticism. While quantifying risks as an externality is a founda-
tional part of business, and authors have made significant progress in
developing this discussion (Franks et al., 2014), significant concerns
remain on the short term approach to risk mitigation in the form of
greenwashing, and how this de-legitimizes sincere efforts.

Predominantly, there’s is the tendency from businesses to perceive local
communities simply as barriers to overcome, rather than recognizing
them as stakeholders with legitimate concerns and local knowledge.
There’s also an apprehension that companies might exploit VSIs to
pre-emptively suppress emerging local movements that could surface a
range of environmental and social issues (Lassila, 2016; Malone et al.,
2023; Palpacuer and Roussey, 2023). This has led to open-ended ques-
tions around the long-lasting effects of voluntary sustainability practices
when involving local communities during a new project development.
Third-party observance of local conflicts, such as the ones done across
the globe by EJ atlas (2023), in Indonesia by Jatam (2023), and in South
America by Olca, Conflictos Mineros, and OPSAL (Conflictos Mineros,
2023; Olca, 2023; OPSAL, 2023) are crucial to decentralized research,
and should often be incorporated into the risk analysis, and the trans-
parency of local opposition should not be obfuscated.

It’s also worth mentioning that the cost of implementing VSIs and
adhering to certified standards can make products uncompetitive in
price-sensitive markets, deterring decision-makers from adopting and
maintaining VSIs due to the lack of financial incentives (Barry et al.,
2012; Ndhulukula and du Plessis, 2007). This challenge is particularly
acute for junior mining companies, where the relative costs of

Fig. 4.4. Sankey diagram of barriers that were commonly found both in literature queried with supply-chain keywords and literature queried without such key-
words. The leftmost grouping (blue) combines the barriers found in the literature surveyed under the ‘supply-chain’ filter, and on the rightmost grouping (purple), the
barriers found in the literature surveyed without the ‘supply-chain’ filter. In the middle, all the barriers that are shared amongst these two groups.
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Table 4.1
Drivers influencing the voluntary adoption of ESG, CSR, and environmental stewardship practices in lithium, nickel, manganese, or cobalt mining operations. These
have been compiled as representative of the overlap between drivers extracted from the literature queried with supply-chain keywords and without such keywords. N
= Count of total of sources that included the driver.
Driver Description Specific

Mentions
Selected references N

Increased need for frameworks on
company-community
communication

Lithium, nickel, and cobalt projects are often located in
high-ESG risk areas. These regions face significant
challenges due to inadequate social participation and
heightened geopolitical risks (Jowitt et al., 2020). Social
conflicts have been reported in various locations, such as
lithium mining in the Lithium Triangle (Liu and
Agusdinata, 2020), nickel mining in Indonesia (Hudayana
et al., 2020) and New Caledonia (Lassila, 2016), and
cobalt mining in both the United States (Malone et al.,
2023) and the Democratic Republic of the Congo (DRC) (
Savinova et al., 2023). These conflicts are frequently
attributed to insufficient engagement with local
communities and stakeholders.

• Lithium
• Nickel
• Cobalt

(Agusdinata et al., 2022; Malone et al., 2023; Petavratzi
and Gunn, 2023; Ralph and Hancock, 2018; Savinova
et al., 2023; Zainuddin Rela et al., 2020)

21

Supply chain disruption risk
management

In the context of battery minerals, being part of multi-
tiered supply-chains, risk of disruption is prominent.
Sustainability standards and certifications might act to
reduce uncertainty and legitimize claims by mining
companies to battery and EV manufacturers.

• Lithium
• Nickel
• Cobalt
• Manganese

(Agusdinata et al., 2022; Deberdt and Le Billon, 2022;
Malone et al., 2023; Mugurusi and Ahishakiye, 2022;
Murdock et al., 2021; Petavratzi and Gunn, 2023;
Savinova et al., 2023; Vivoda and Matthews, 2023)

13

Improved guidelines on life cycle
assessment

With lifecycle assessment being chose as the methodology
for the EU Battery Regulation (European Union (EU),
2023), data-intensive impact assessment will have to be
put in place in mining operations.

• Lithium
• Nickel
• Cobalt

(Agusdinata et al., 2022; Mugurusi and Ahishakiye,
2022; Petavratzi and Gunn, 2023)

10

Increased legitimacy of non-state
market-driven initiatives
specific to battery components

Given the prominent role of transnational corporations in
mineral extraction, the potential and limitations of state
governance become apparent, especially due to the
geographical concentration of battery minerals in the
Global South. Initiatives like the Cobalt Working Group by
the Responsible Minerals Initiative, and the Global Battery
Alliance demonstrate the need for raising the profile on
mining challenges.

• Lithium
• Nickel
• Cobalt
• Manganese

(Agusdinata et al., 2022; Deberdt and Le Billon, 2022;
Lèbre et al., 2020; Petavratzi and Gunn, 2023)

9

Downstream pressure to mitigate
reputational risk

Downstream companies that are concerned with
reputational damage by association might drive VSI
adoption. Battery and EV manufacturers are increasing
their due-diligence process and supply-chain transparency
to avoid reputational risk associated with low
environmental-performers. (Barry et al., 2012; CATL,
2021; Newbold, 2006; Potts et al., 2018)

• Cobalt (Deberdt and Billon, 2021) 7

Geographical concentration of
battery minerals

The geographical concentration of battery minerals, with
raw material supply centred in the Global South, and
manufacturing and EV demand in the Global North, raises
sustainability and supply chain stability concerns.

• Lithium
• Nickel
• Cobalt
• Manganese

(Agusdinata et al., 2022; Deberdt and Le Billon, 2022;
Murdock et al., 2021; Vivoda and Matthews, 2023)

7

Investment attraction Mining activities are increasingly seen as high risk by
insurers, therefore VSIs taking the form of certifications
may give rise to benefits such as lower insurance
premiums. Moreover, many institutional investors
consider ESG investments to provide risk insurance and
market differentiation. Moreover, Institutional investors
that take into consideration environmental and social
(E&S) risk measures provided by third parties are already
pushing companies towards an improvement on E&S
metrics. Through exclusion, selection, and shareholder
proposals, this might drive certification adoption and
standards compliance.

• Lithium
• Nickel
• Cobalt
• Manganese

(Petavratzi and Gunn, 2023; Savinova et al., 2023) 7

Consumer awareness and
mobilization

There is some evidence that consumers of low-carbon
technologies are increasingly aware that such technologies
use a multitude of minerals that could cause
environmental degradation and regions of mineral
extraction (International Resource Panel, 2020).

• Lithium
• Nickel
• Cobalt

(Agusdinata et al., 2022; Deberdt and Le Billon, 2022;
Ralph and Hancock, 2018)

4

Increased need to manage
biodiversity impacts

The expansion of mining activities necessitates
comprehensive mining plans that assess and mitigate
impacts on nearby ecosystems, including long-term effects
and rehabilitation strategies. Due to the proximity of
mining operations to critical biodiversity preservation
areas, there is an increasing need to address potential
ecological disruptions.

• Lithium
• Nickel
• Cobalt
• Manganese

(Lèbre et al., 2020; Murdock et al., 2021) 2

State-to-state commercial
agreements

The potential for state-to-state commercial arrangements
to replace open-markets in the case of military and energy
applications might lead to requirements related to due-
diligence backed by standards compliance and
certifications.

• Lithium
• Nickel
• Cobalt
• Manganese

(Petavratzi and Gunn, 2023; Vivoda and Matthews,
2023)

2
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certification are higher, and compliance demands extensive personnel
and technical training (Deberdt and Billon, 2021), potentially excluding
them from markets with strict import requirements (Tröster and Hiete,
2018). Therefore, the narrative in relation to cost-effectiveness of VSIs
remains to be seen. Studies have linked increased adoption of social and
environmental standards to improved water and/or energy usage
(Dummett, 2006), minimization of operational disruptions (Franks
et al., 2014), and improved employee retention (Lodhia and Hess,
2014). However, these might be counterbalanced by costs incurred from
more thorough life cycle assessments (Agusdinata et al., 2022), detailed
feasibility studies (Petavratzi and Gunn, 2023), and technological
implementation (e.g. uptake of renewable energy) (Jowitt et al., 2020).

Ways in which these financial challenges have been overcome have
been documented in Chile, which the government provided a support
programme called Associated Development Programmes (PROPO) that
partially funded the costs for VSI adoption. In 2002, Minera Escondida
took a more active role in the project, with the provision of extra ex-
penses not initially included, which lead to a to successful ISO 14001
certification for participating small and medium enterprises (Ghorbani
and Kuan, 2017; Newbold, 2006). Moreover, authors have discussed
that VSI interoperability has the potential to reduce costs and can
amplify the outcomes achieved by individual certifications (Barry et al.,
2012; Mori Junior et al., 2016; Potts et al., 2018), with notable work
being done in evaluating and mapping VSIs commonalities (Langdon
et al., 2021). This evolving landscape highlights the necessity for
participatory research in integrating VSIs into business models, weigh-
ing their potential financial benefits against the accompanying costs,

and exploring innovative strategies to mitigate financial challenges.

5.2.2. Tracing provenance at key points
Tracing the provenance of materials within the lithium-ion battery

supply chain is a technically challenging task due to the presence of
multiple, overlapping supply chains and several chemical and physical
transformations, as made clear by the breadth of works that mention this
barrier (“Tracing provenance at key points” on Table 4.4.). Downstream
procurement sectors might face a lack of visibility into what has been
certified and to what extent. Additionally, a persistent focus on imme-
diate suppliers or focal companies exacerbates this challenge (Young
et al., 2019), with the interface between manufactures and higher-tier
suppliers being a common theme in the literature.

Typically, manufacturers engage primarily with their direct sup-
pliers, concentrating on ensuring these suppliers adhere to environ-
mental and social standards (Mugurusi and Ahishakiye, 2022). Adding
to these challenges, smelters often serve as critical choke points within
the supply chain (Deberdt and Le Billon, 2022; Vasilyev et al., 2022),
potentially disrupting the continuity of the material’s chain-of-custody,
thereby diminishing the effectiveness of certifications initiated at the
mining stage. Moreover, there’s a significant concentration of refining
operations, with China refining 73 % of cobalt, 59 % of lithium, and 68
% of nickel (Vivoda and Matthews, 2023). The European Union has
implemented a regulatory approach that mandates due diligence for
companies wishing to trade within its borders, specifically targeting
sourcing from a list of responsible smelters and refiners (European
Commission, 2021). The China Chamber of Commerce of Metals,

Table 4.2
Barriers influencing the voluntary adoption of ESG, CSR, and environmental stewardship practices in lithium, nickel, manganese, or cobalt mining operations. These
have been compiled as representative of the overlap between barriers extracted from the literature queried with supply-chain keywords and without such keywords. N
= Count of total of sources that included the barrier.
Barrier Description Specific

mentions
References N

Short-term greenwashing
undermining VSI
legitimacy

Short-term greenwashing can manifest when firms adopt CSR policies
primarily to meet stakeholder expectations, secure investment, or
maintain their social license to operate, rather than to address significant
social or environmental issues (Palpacuer and Roussey, 2023). For
example, CSR practices in nickel mining in Indonesia and cobalt mining
in the DRC often fail to address deep-rooted issues like land ownership.

• Nickel
• Cobalt

(Deberdt, 2022; Deberdt and Le Billon, 2022;
Malone et al., 2023; Palpacuer and Roussey, 2023;
Zainuddin Rela et al., 2020)

15

Demand outpacing supply In an economy where demand for a product or service outpaces supply,
known as a sellers’market, companies may prioritize maximizing output
over adopting voluntary sustainability initiatives. The urgency to supply
high-demand critical minerals can limit the willingness of companies to
engage in sustainability efforts.

• Lithium
• Nickel
• Cobalt

(Agusdinata et al., 2023; Vivoda and Matthews,
2023)

2

Table 4.3
Drivers influencing the adoption of ESG, CSR, and environmental stewardship at overall mining operations that can influence mining for battery minerals. These
contain the drivers most frequently mentioned (N ≥ 4) and not included in Table 4.1. N = Count of total of sources that included the driver.
Driver Description Selected references N
Operating in complex water management
contexts

The imperative to manage water resources effectively is driven by the
significant environmental and socio-economic impacts observed in mining
regions. In areas like Bahodopi in Indonesia (Hudayana et al., 2020) and the
Salar de Atacama (Heredia et al., 2020), mining activities have led to water
contamination and scarcity, respectively. The majority of lithium resources
and future projects are located in areas facing medium to very high water risks
(Lèbre et al., 2020), emphasizing the urgency of adopting sustainable water
management strategies.

(Heredia et al., 2020; Hudayana et al., 2020;
Lèbre et al., 2020)

6

Onshoring of mineral extraction - Closer to
consumption markets

The strategic shift to localize mineral extraction near consumption markets,
notably in the U.S. through the Mineral Security Partnership (MSP), is acting to
secure a steady source of critical minerals. This trend is driven by the desire to
reduce dependency on foreign sources. With stricter regulatory environments
and higher societal expectations, companies might be motivated to adhere to
VSIs to maintain their social license to operate.

(Agusdinata et al., 2022; Malone et al., 2023;
Petavratzi and Gunn, 2023; Vivoda and
Matthews, 2023)

5

Public campaigns by civil society and NGO
calling attention to negative sustainable
practices

Publications such as the one by Amnesty International (2017) can highlight
significant sustainability gaps in the mining of battery minerals, leading to
increased scrutiny.

(Deberdt and Billon, 2021; Deberdt and Le
Billon, 2022)

4
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Minerals & Chemicals Importers and Exporters also published voluntary
Gguidelines for Social Responsibility in Outbound Mining Investments
(Ralph and Hancock, 2018), and the United States is invested with the
Minerals Security Partnership, a multilateral collaboration aimed at
securing critical minerals on the part of the United States (US Depart-
ment of State, 2023). In addition, the introduction of the battery pass-
port by the European Union requires that, by 2027, battery operators
provide a full lifecycle record, including carbon footprints from raw
material acquisition to pre-processing stages, reinforcing transparency
and sustainability through market mechanisms (European Union (EU),
2023). The battery passport reflects growing expectations for supply
chain transparency, and when combined with more robust lifecycle
monitoring mechanisms, it may help address the challenges posed by
smelters and refiners as bottlenecks in the chain of custody. Whether this
increased traceability will enhance the credibility of non-state mar-
ket-driven systems remains to be seen, as it pushes for stronger align-
ment between market incentives and sustainable sourcing.

Parallel to these regulatory approaches, blockchain technology has
garnered attention in various studies as a promising solution (Deberdt
and Le Billon, 2022; Mugurusi and Ahishakiye, 2022; van den Brink
et al., 2019; Vasilyev et al., 2022). Its success in other industries and
potential to preserve the integrity of ground-level information make it a
noteworthy consideration (Deberdt and Billon, 2021). However, the
effectiveness of blockchain as a decentralized ledger is contingent on the
quality and availability of the data it records. Hence, its utility is
maximized when implemented at the source, though it remains limited
by the accuracy of the input data, a challenge that has been
well-documented at the ground level (Deberdt and Le Billon, 2022), not
to mention the challenges surrounding the discussion and definition
regarding who has accessibility and visibility to the data, as it moves
along the supply-chain.

6. Concluding remarks

As the widespread uptake of EVs continues, the demand for energy
transition minerals – including lithium, nickel, manganese, and cobalt –

is intensifying. These resources are mainly concentrated in resource-rich
regions of the Global South, where mining operations have to grapple
with significant ESG challenges (Lèbre et al., 2020). Simultaneously,
nations from the Global North, which consume these resources in their
final form, enforce stronger ESG requirements (e.g. battery passport).
This situation foregrounds the complex dynamic of how OEM buyers
navigate supply disruption risk and geography-specific ESG challenges
while meeting trade requirements. This dynamic highlights the impor-
tance of sustainable and responsible mining practices, as governments
and corporations seek to reconcile the demand with ethical and envi-
ronmental imperatives, whilst securing mineral supply. VSIs emerge as

potential instruments to bridge this gap, arguing they can promote more
sustainable and responsible mining practices – currently concentrated in
the Global South – to align with the ESG demands – currently driven by
consumption of the Global North. However, the legitimacy of VSIs is
often questioned due to instances of greenwashing.

This research contributes to the emerging body of literature on
voluntary sustainability initiatives applicable to battery minerals by
surfacing a range of drivers and barriers relevant to VSI adoption and
market diffusion. By highlighting how specific factors prevalent in the
Global South—such as regulatory environments, ESG risks, and market
pressures—influence the adoption of VSIs, our findings lay the
groundwork for a more comprehensive understanding of the system
dynamics at play. This, in turn, enriches discussions on the critical
linkage between resource production in the Global South and con-
sumption in the Global North. The geographical concentration of battery
raw materials, along with the risk of missing energy transition deadlines
due to supply disruptions of battery raw materials, has raised interest in
the legitimacy of voluntary initiatives adopted at mining operations. The
legitimacy of these initiatives, however, remains a contested issue in the
literature, as exemplified by the opposing drivers related to the legiti-
macy of non-state market driven systems sought by initiatives such as
the Global Battery Alliance and the Nickel Mark, contrasted with short-
term greenwashing in mining operations observed in Indonesia,
Australia, New Caledonia, and United States.

The potential drivers to voluntary sustainability initiatives are varied
and multifaceted, but many include the adoption of some level of CSR to
mitigate risks associated with their extraction process, mainly driven
from a corporate risk-mitigation perspective. It’s important to surface
that voluntary practices to achieve and maintain social license to
operate are promoted by global and national industry peak bodies and
business advisers (Mayes, 2015). Furthermore, sustainability standards
and certifications in mining operations are increasingly relevant due to
downstream reputational pressure from EV and battery manufacturers,
serving to reduce uncertainty and substantiate sustainability claims.
Few studies have comprehensively assessed the balance between the
costs of certification and the potential reduction in direct and indirect
costs. Moreover, no comprehensive study has focused on premiums
related to VSI adoption, indicating a potential future research avenue.
Lastly, the complexity of tracing provenance in a supply chain charac-
terized by physical and chemical transformations and international
trade has been a recurring challenge. In this context, the potential
application of blockchain technology as a solution to this challenge has
been highlighted in several articles.

For future research, we suggest focusing on (i) an expansion of this
analysis to include industry and non-technical reporting; and (ii) con-
ducting stakeholder interviews to verify or challenge the results
informed by contemporary industry practices. Our study focuses

Table 4.4
Barriers hindering the adoption of ESG, CSR, and environmental stewardship at overall mining operations that can influencemining for batteryminerals. These contain
the barriers most frequently mentioned (N ≥ 2) and not included in Table 4.2. N = Count of total of sources that included the barrier.
Barriers Description Selected references N
Tracing provenance at key
points

Smelters control information crucial to traceability which can undermine mine-site efforts when
adopting VSIs, since both certified and non-certified commodities might be processed
simultaneously, which due to the nature of the physical and chemical processes might make
traceability more difficult.

(Förster and Mischo, 2022; Murdock et al.,
2021; Petavratzi and Gunn, 2023)

4

VSIs interoperability and
scope

There’s an increasing number of VSIs in the market that might be suitable to the several industries
operating in this supply-chain. It’s unclear how much these VSIs overlap, to what extent they are
interoperable and compatible. Moreover, it’s still unclear to what extent this interoperability
increases environmental and social impact mitigation.

(Franken et al., 2012; ; Potts et al., 2018;
Rutovitz et al., 2020)

3

Limited regulatory
capacity

Regulatory institutions face significant limitations in their personnel and technical capacity to
promote the standard adoption and issue certifications. There’s also a lack of governmental
incentives and technical support during the implementation phase of standards.

(Franks et al., 2013) 2

Misalignment of
regulatory initiatives

Local and international regulatory initiatives might be misaligned, leading to potential
redundancy of efforts. Moreover, the majority of certification schemes analysed so far are not
designed to interact with other governance systems. Furthermore, competing initiatives might
deter the adoption of VSIs in face of other national policies.

(Franken et al., 2012; ) 2
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primarily on the factors that promote the adoption of these practices,
however, the enduring effectiveness of adopting VSIs requires more in-
depth investigation, particularly in the context of their long-term im-
pacts on the mining governance landscape, local populations’ quality of
life, and developmental trajectories in the Global South.
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