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A B S T R A C T

Critical raw materials (CRMs) are essential to the green and digital transitions, underpinning technologies such 
as renewable energy systems, electric vehicles, and advanced manufacturing. As demand increases, governments 
increasingly pursue policy objectives related to security of supply, diversification, sustainability, and innovation 
and circularity. While these objectives are often treated as distinct policy goals, their achievement depends on 
the institutional governance conditions through which CRM supply chains are organised. This article examines 
how institutional governance conditions shape the resilience and sustainability of CRM supply chains across 
different governance contexts. Drawing on Sustainable Supply Chain Management (SSCM) and the Triple Bottom 
Line (TBL), it employs a qualitative comparative legal and institutional analysis of Australia (lithium), the 
Democratic Republic of the Congo (cobalt), Canada (nickel), Chile (copper), and the European Union under the 
Critical Raw Materials Act (CRMA). The analysis demonstrates that legal and regulatory frameworks, adminis
trative capacity and coordination, rights-based safeguards, and environmental governance operate collectively to 
shape resilient and sustainable CRM supply chains. The findings show that supply chain resilience depends less 
on resource endowment than on institutional governance conditions capable of providing regulatory predict
ability, procedural legitimacy, and long-term environmental stewardship. The study contributes by reframing 
security of supply, diversification, sustainability, and innovation and circularity as system-level governance 
outcomes rather than independent policy objectives.

1. Introduction

Critical raw materials (CRMs) have become central to contemporary 
debates on the governance of extractive industries and the resilience and 
sustainability of global mineral supply chains. Minerals such as lithium, 
cobalt, rare earth elements (REEs), nickel, and copper are indispensable 
to renewable energy technologies, electrification, digital infrastructure, 
and advanced manufacturing. As global demand has accelerated, CRM 
supply chains have become increasingly exposed to geographical con
centration, geopolitical tensions, trade restrictions, and growing 
competition for strategically important resources (Alonso et al., 2012; 
Ali et al., 2017; Sauer and Seuring, 2017; Dou et al., 2023). In response, 
governments have introduced regulatory strategies and industrial pol
icies aimed at strengthening supply security, reducing external de
pendencies, and supporting the transition to low-carbon economies.

Current policy debates frequently frame objectives such as security 

of supply, diversification, sustainability, and innovation and circularity 
as distinct policy goals. However, achieving these objectives depends 
not only on political ambition or geological resource endowment but 
also on the institutional governance conditions through which policies 
are implemented. Legal and regulatory frameworks, permitting systems, 
administrative capacity, rights-based safeguards, and environmental 
governance influence whether CRM supply chains remain reliable, so
cially legitimate, and capable of adapting to geopolitical uncertainty and 
evolving regulatory environments. Understanding CRM supply chains 
therefore requires moving beyond individual policy instruments to
wards a broader examination of the institutional governance conditions 
that shape mineral value chains.

This article argues that resilient and sustainable CRM supply chains 
emerge from institutional governance conditions rather than from policy 
ambition alone. Through a comparative analysis of Australia, Canada, 
Chile, the Democratic Republic of the Congo (DRC), and the European 
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Union (EU), the study demonstrates how variation in legal and regula
tory frameworks, administrative capacity and coordination, rights- 
based safeguards, and environmental governance shapes CRM supply 
chain resilience and sustainability across different governance contexts.

Institutional governance conditions are defined as the combination 
of (i) legal and regulatory frameworks, (ii) administrative capacity and 
coordination, (iii) rights-based safeguards, and (iv) environmental 
governance through which public authorities regulate and implement 
mineral governance. Legal and regulatory frameworks establish the 
formal rules governing extraction and permitting, while administrative 
capacity refers to the ability of public authorities to coordinate, imple
ment, and enforce these rules effectively. Rights-based safeguards 
encompass institutional mechanisms that protect Indigenous rights, 
community participation, and procedural legitimacy throughout 
decision-making processes. Environmental governance refers to the 
institutional capacity to prevent, monitor, regulate, and remediate 
environmental impacts across the mineral value chain through envi
ronmental assessment, compliance, enforcement, and long-term 
ecological stewardship.

Within this study, resilience refers to the capacity of CRM supply 
chains to maintain reliable and adaptive supply under conditions of 
geopolitical uncertainty, regulatory variation, and changing institu
tional contexts. Sustainability refers to the capacity of CRM supply 
chains to balance long-term economic viability, social legitimacy, and 
environmental protection through effective institutional governance. 
Rather than treating resilience and sustainability as competing 

objectives, the study conceptualises them as complementary system- 
level outcomes emerging from institutional governance conditions.

To examine these relationships, the article combines Sustainable 
Supply Chain Management (SSCM) and the Triple Bottom Line (TBL). 
SSCM provides the supply chain perspective by recognising that gover
nance extends beyond individual firms to encompass the broader insti
tutional environment within which extraction, processing, recycling, 
and mineral trade are organised (Seuring and Müller, 2008; Carter and 
Rogers, 2008; Ahi and Searcy, 2013). The TBL complements this 
perspective by providing the economic, social, and environmental di
mensions through which institutional governance conditions are ana
lysed. Rather than evaluating firm-level sustainability performance, 
both frameworks are applied at the system level to examine how 
governance arrangements shape CRM supply chain resilience and sus
tainability. The analytical framework is summarised in Fig. 1, which 
illustrates how SSCM and the TBL are operationalised to analyse the 
relationship between institutional governance conditions and resilient 
and sustainable CRM supply chains.

Within this analytical framework, security of supply, diversification, 
and innovation and circularity are not treated as independent policy 
objectives. Instead, they are conceptualised as system-level gover
nance outcomes emerging from resilient and sustainable CRM supply 
chains operating under different institutional governance conditions.

Although a growing body of research examines critical raw material 
governance, supply risks, regulatory reform, and international policy 
coordination (Ali et al., 2017; Dou et al., 2023; Deberdt and Letourneau, 

Fig. 1. Conceptual framework of the study. 
The figure illustrates how Sustainable Supply Chain Management (SSCM) provides the supply chain perspective, while the Triple Bottom Line (TBL) provides the 
analytical dimensions through which institutional governance conditions are examined. Legal and regulatory frameworks, administrative capacity and coordination, 
rights-based safeguards, and environmental governance collectively shape the resilience and sustainability of critical raw material supply chains. Security of supply, 
diversification, and innovation and circularity are conceptualised as system-level governance outcomes.
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2025; Hayes et al., 2025), existing studies have primarily focused on 
governance instruments, regulatory initiatives, or individual policy ob
jectives in isolation. Comparatively less attention has been devoted to 
explaining how institutional governance conditions interact to shape 
resilient and sustainable CRM supply chains across different jurisdic
tions. Consequently, while previous research has generated important 
insights into resource security and governance reform, a comparative 
institutional understanding of how institutional governance conditions 
influence CRM supply chain outcomes remains underdeveloped.

This article addresses this gap through a qualitative comparative 
legal and institutional analysis of five governance contexts: Australia 
(lithium), Canada (nickel), Chile (copper), the Democratic Republic of 
the Congo (cobalt), and the European Union through the Critical Raw 
Materials Act (CRMA). Rather than evaluating jurisdictions against 
predefined policy targets, the study examines how differing institutional 
governance conditions shape CRM supply chain resilience and sustain
ability. In doing so, it contributes to existing scholarship by integrating 
SSCM and the TBL within a comparative institutional governance 
framework and demonstrating how legal and regulatory frameworks, 
administrative capacity and coordination, rights-based safeguards, and 
environmental governance collectively shape resilient and sustainable 
CRM supply chains.

The study therefore addresses the following research question: How 
do institutional governance conditions shape the resilience and sus
tainability of critical raw material supply chains across different 
governance contexts?

2. Method

This study employs a qualitative comparative legal and institutional 
analysis to examine how institutional governance conditions shape the 
resilience and sustainability of critical raw material (CRM) supply 
chains across different governance contexts. The research design com
bines comparative case study methodology with legal and institutional 
analysis, enabling the systematic comparison of jurisdictions that differ 
in governance capacity, regulatory structures, and positions within 
global CRM supply chains (George and Bennett, 2005; Gerring and 
Cojocaru, 2016). Rather than treating legal frameworks solely as 
formal legal rules, the analysis conceptualises them as institutional 
mechanisms through which authority, accountability, and governance 
responsibilities are distributed across mineral value chains.

The analytical framework operationalises the conceptual model 
presented in Fig. 1 by integrating Sustainable Supply Chain Manage
ment (SSCM) and the Triple Bottom Line (TBL) at the system level. SSCM 
provides the supply chain perspective, while the TBL structures the 
economic, social, and environmental dimensions through which insti
tutional governance conditions are examined. As illustrated in Fig. 1, the 
analysis focuses on four institutional governance conditions: (i) legal 
and regulatory frameworks, (ii) administrative capacity and coordina
tion, (iii) rights-based safeguards, and (iv) environmental governance. 
Together, these institutional governance conditions constitute the 
explanatory variables of the analysis.

Resilience and sustainability are treated as the overarching system- 
level outcomes of the study. Rather than representing independent 
policy objectives, security of supply, diversification, and innovation and 
circularity are conceptualised as system-level governance outcomes 
emerging from resilient and sustainable CRM supply chains operating 
under different institutional governance conditions.

The empirical analysis examines five governance contexts: Australia, 
Canada, Chile, the Democratic Republic of the Congo (DRC), and the 
European Union through the Critical Raw Materials Act (CRMA). 
Australia, Canada, Chile, and the DRC represent major producer juris
dictions characterised by different legal traditions, institutional capac
ities, and governance arrangements. In contrast, the European Union 
represents a predominantly downstream regulatory actor seeking to 
strengthen supply security through coordinated governance rather than 

domestic resource abundance. Collectively, these cases capture sub
stantial variation in institutional governance conditions while address
ing common challenges relating to supply security, sustainability, and 
strategic resource governance.

Each case is analysed through a review of primary legal and regu
latory materials, including mining legislation, environmental legisla
tion, permitting procedures, policy strategies, and relevant regulatory 
reforms. These legal sources are complemented by academic literature, 
government reports, and policy analyses that provide insight into how 
institutional arrangements operate in practice, particularly with regard 
to administrative coordination, implementation capacity, regulatory 
enforcement, and governance performance.

To ensure comparability, all five jurisdictions are analysed using the 
same analytical structure. The assessment begins with the four institu
tional governance conditions before examining how these shape CRM 
supply chain resilience and sustainability. This structured approach 
enables the identification of similarities, differences, and recurring 
governance patterns across jurisdictions while maintaining sensitivity to 
the institutional context of each case.

The analysis is qualitative and interpretive rather than evaluative. It 
does not assess compliance with predefined policy targets or rank 
governance performance across jurisdictions. Instead, it examines how 
institutional governance conditions enable or constrain resilient and 
sustainable CRM supply chains under different regulatory settings. 
Broader contextual factors, including technological capability, market 
dynamics, and workforce development, undoubtedly influence CRM 
supply chains but remain beyond the analytical scope of this study, 
which is deliberately limited to institutional governance structures.

3. Cases

The case studies are structured around a common analytical frame
work used to examine how institutional governance conditions shape 
the resilience and sustainability of CRM supply chains. The analysis 
focuses on four institutional governance conditions: (i) legal and regu
latory frameworks, (ii) administrative capacity and coordination, (iii) 
rights-based safeguards, and (iv) environmental governance.

Legal and regulatory frameworks refer to the formal rules governing 
mineral extraction, permitting, environmental assessment, and regula
tory oversight. Administrative capacity and coordination concern the 
ability of public authorities to implement, coordinate, and enforce reg
ulatory decisions across different levels of governance. Rights-based 
safeguards encompass institutional mechanisms protecting Indigenous, 
labour, and community rights through consultation, participation, 
accountability, and procedural protections. Environmental governance 
refers to the institutional capacity to prevent, monitor, regulate, and 
remediate environmental impacts while supporting the long-term sus
tainability of CRM supply chains.

Together, these institutional governance conditions provide a com
mon analytical basis for comparing how different governance arrange
ments shape the resilience and sustainability of CRM supply chains 
across the selected cases.

3.1. Australia – lithium

Australia is the world's leading producer of lithium, primarily 
extracted from hard-rock deposits such as spodumene ore. In 2023, the 
country accounted for approximately 43% of global lithium mine pro
duction (USGS, 2024a), with most production originating from Western 
Australia. The Greenbushes mine, operated by Talison Lithium, is among 
the world's largest and highest-grade lithium deposits (Geoscience 
Australia, 2024). Although Australia dominates upstream lithium 
extraction, much of its production is exported for downstream pro
cessing, particularly to China, highlighting continuing constraints in 
global refining capacity and supply chain diversification (Hayes et al., 
2025). Australia's strategic importance is further reflected in the 2024 
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Memorandum of Understanding with the European Union, which seeks 
to strengthen cooperation across the critical minerals value chain while 
promoting secure and sustainable supply chains (Department of 
Industry, Science and Resources, 2024).

3.1.1. Legal and regulatory frameworks
Australia's mining sector is governed through a comprehensive yet 

multi-layered regulatory framework. While the federal Environment 
Protection and Biodiversity Conservation Act (EPBC Act) provides the 
overarching legislative framework, responsibility for permitting and 
licensing rests primarily with the individual states. Consequently, 
approval procedures vary across jurisdictions and often involve multiple 
regulatory processes, reflecting Australia's federal governance structure 
(Mills et al., 2025; Pleune, 2025). Although this regulatory complexity 
may prolong permitting, it also contributes to legal predictability and 
regulatory certainty.

3.1.2. Administrative capacity and coordination
Australia demonstrates comparatively strong administrative capac

ity, characterised by well-established regulatory institutions and effec
tive implementation mechanisms. Nevertheless, coordination between 
federal and state authorities can result in lengthy approval procedures, 
particularly where environmental protection, land use, and competing 
public interests require integrated decision-making (Mills et al., 2025; 
Pleune, 2025). These challenges primarily reflect administrative 
complexity rather than institutional weakness.

3.1.3. Rights-based safeguards
Mining governance in Australia extends beyond formal legal 

compliance through the well-established concept of the social licence to 
operate, whereby legitimacy depends on community trust, stakeholder 
engagement, and environmental performance alongside statutory ap
provals (Bice and Moffat, 2014; Laurence, 2021). Rights-based gover
nance is further strengthened by the growing recognition of Indigenous 
rights, particularly in relation to legacy mining sites located on Indige
nous lands. Recent research highlights that abandoned mine clusters 
create continuing legal obligations concerning remediation, environ
mental protection, and Indigenous participation in decision-making 
processes (Unger et al., 2025).

3.1.4. Environmental governance
Environmental governance constitutes an integral component of 

Australia's mining regime. Environmental assessment requirements, 
permitting conditions, and remediation obligations seek to mitigate 
ecological impacts throughout the mining life cycle. The ongoing man
agement of legacy mine sites demonstrates that environmental gover
nance extends beyond project approval to encompass long-term 
environmental stewardship and restoration (Unger et al., 2025). Aus
tralia's increasing emphasis on environmental, social, and governance 
(ESG) standards within international partnerships further reinforces this 
governance approach (Department of Industry, Science and Resources, 
2024).

3.1.5. Interim synthesis
Australia represents a comparatively high-capacity governance 

model characterised by strong legal and regulatory frameworks, effec
tive administrative capacity and coordination, embedded rights-based 
safeguards, and mature environmental governance. Although its multi- 
level permitting system may extend approval timelines, these institu
tional governance conditions support comparatively resilient and sus
tainable CRM supply chains by strengthening regulatory predictability, 
procedural legitimacy, and long-term environmental stewardship.

3.2. The Democratic Republic of the Congo (DRC) – cobalt

The Democratic Republic of the Congo (DRC) holds approximately 

3.5 million metric tonnes of cobalt reserves and accounted for >70% of 
global cobalt production in 2023, making it the world's dominant cobalt 
producer (USGS, 2024b). Most cobalt is extracted as a co-product of 
copper and nickel mining in the Katanga Copperbelt, where large-scale 
industrial operations coexist with artisanal and small-scale mining 
(ASM). Although the ASM sector is legally recognised, it remains only 
partially regulated in practice, making the DRC a particularly important 
case for examining how institutional governance conditions shape the 
resilience and sustainability of CRM supply chains.

3.2.1. Legal and regulatory frameworks
The Congolese mining sector is formally governed by the 2002 

Mining Code and its 2018 revision, which sought to strengthen state 
oversight and improve regulatory governance. Nevertheless, imple
mentation remains uneven. The sector is characterised by fragmented 
institutions, overlapping jurisdictions, and inconsistent enforcement. 
Subsequent reforms have frequently favoured government and indus
trial actors while providing comparatively limited protection for arti
sanal miners and local communities. Furthermore, limited legal 
awareness and the coexistence of statutory and informal governance 
arrangements have created a form of legal pluralism that facilitates 
corruption, rent-seeking, and negotiated legality (Balyaminu, 2025).

3.2.1.1. Administrative capacity and coordination. Administrative ca
pacity remains limited across much of the Congolese extractive sector. 
Governance responsibilities are fragmented among national ministries, 
provincial governments, customary authorities, industrial mining com
panies, ASM cooperatives, and, in some regions, armed groups and units 
of the Congolese armed forces. Rather than operating within a coherent 
institutional framework, authority is frequently negotiated between 
competing actors. Research on conflict minerals demonstrates that non- 
state actors continue to exercise de facto public authority by taxing 
miners, controlling transport routes, and regulating access to mining 
sites, effectively performing functions that would ordinarily fall within 
the responsibility of the state (Hanai, 2021). These fragmented gover
nance arrangements reduce regulatory predictability and weaken insti
tutional coordination throughout the mineral value chain.

3.2.1.2. Rights-based safeguards. Rights-based safeguards remain 
comparatively weak. Although artisanal mining is legally recognised, 
widespread child labour, unsafe working conditions, and informal 
trading structures continue to characterise significant parts of the ASM 
sector (Banza Lubaba Nkulu et al., 2018; Amnesty International, 2019; 
De Putter et al., 2011). Research further demonstrates that child labour 
and family participation in ASM are closely linked to broader household 
survival strategies rather than isolated instances of regulatory 
non-compliance (André and Godin, 2013). While international initia
tives, including blockchain-based traceability systems and responsible 
mineral certification schemes, have sought to strengthen transparency 
and responsible sourcing, their effectiveness remains constrained by 
broader institutional governance deficits.

3.2.1.3. Environmental governance. Environmental governance is simi
larly constrained by limited institutional capacity. Studies document 
significant environmental contamination and adverse public health 
impacts associated with mining activities due to insufficient environ
mental controls and weak monitoring systems (Banza Lubaba Nkulu 
et al., 2018). Comparable governance challenges are evident beyond 
the cobalt sector. For example, research on the emerging manganese 
sector in Luozi (Congo Central) identifies weak regulation, corruption, 
and limited community participation as contributing to environmental 
degradation, unequal revenue distribution, and social exclusion 
(Mufungizi, 2025). These findings suggest that environmental gover
nance challenges are structural characteristics of the wider Congolese 
extractive sector rather than issues confined to cobalt mining.
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3.2.1.4. Interim synthesis. The DRC represents a governance context 
characterised by comparatively weak institutional governance condi
tions. Fragmented legal and regulatory frameworks, limited adminis
trative capacity and coordination, weak rights-based safeguards, and 
constrained environmental governance undermine regulatory predict
ability despite the country's exceptional mineral endowment. The case 
demonstrates that high production capacity alone is insufficient to 
ensure resilient and sustainable CRM supply chains where institutional 
governance conditions remain weak.

3.3. Canada – nickel

Canada is among the world's five largest producers of nickel, with 
significant reserves and long-established mining operations in Ontario, 
Quebec, Manitoba, and Newfoundland and Labrador. The Sudbury Basin 
in Ontario is one of the world's most important nickel-producing regions, 
with mining dating back to the late nineteenth century following the 
construction of the Canadian Pacific Railway (Natural Resources 
Canada, 2023; University of Waterloo, 2023). The region's long min
ing history, established infrastructure, and mature regulatory environ
ment have contributed to Canada's position as a stable supplier of nickel 
to global markets. Nickel plays a strategic role in both stainless-steel 
production and lithium-ion battery manufacturing, while Canadian 
production is generally regarded as comparatively low-carbon and 
supported by robust regulatory standards (Mining Association of 
Canada, 2023).

3.3.1. Legal and regulatory frameworks
Canada's mining sector operates within a well-established legal 

framework characterised by shared federal and provincial re
sponsibilities. Provinces are primarily responsible for mining licensing, 
natural resource management, and royalty regimes, whereas both fed
eral and provincial authorities may participate in environmental 
assessment processes depending on a project's characteristics and 
jurisdictional implications (Deberdt and Letourneau, 2025). Federal 
environmental assessment requirements may apply where mining pro
jects require federal approvals or have the potential to affect matters 
falling within federal jurisdiction (Government of Canada, 2019). This 
multi-level governance structure contributes to regulatory predictability 
while reflecting Canada's federal constitutional framework.

3.3.2. Administrative capacity and coordination
Canada demonstrates comparatively strong administrative capacity, 

supported by established regulatory institutions and effective intergov
ernmental coordination. Although shared jurisdiction may result in 
parallel assessment processes and occasionally extend permitting time
lines, these arrangements generally operate within predictable institu
tional structures. Canada's international engagement in responsible 
mineral governance initiatives and development cooperation further 
reflects its administrative capacity and regulatory credibility (OECD, 
2022).

3.3.3. Rights-based safeguards
Rights-based safeguards constitute a central feature of Canada's 

mining regime. Many nickel deposits are located on or near Indigenous 
territories, where the constitutional duty to consult and accommodate 
Indigenous communities applies. Although consultation requirements 
may prolong permitting processes, they strengthen procedural legiti
macy and reinforce the integration of social considerations into mineral 
governance (Rodon et al., 2025). These safeguards contribute to Cana
da's reputation as a jurisdiction characterised by comparatively strong 
labour protections, community participation, and responsible mining 
practices (Balyaminu, 2025).

3.3.4. Environmental governance
Canada's environmental governance framework has evolved 

substantially over time. The Sudbury region illustrates both the envi
ronmental consequences of historical mining practices and the capacity 
for long-term environmental remediation. Early nickel smelting caused 
extensive acid rain, soil contamination, and vegetation loss before major 
emission reductions and ecological restoration programmes were 
implemented during the late twentieth century (Watkinson et al., 2022). 
More recently, Canada's Critical Minerals Strategy (2022) has further 
strengthened environmental governance by promoting ESG standards, 
recycling, research, and responsible mineral development. The strategy 
identifies nickel as one of six priority minerals while encouraging 
cooperation with the European Union and the United States to 
strengthen secure and diversified critical mineral supply chains 
(Kanovici and Bulin, 2025).

3.3.5. Interim synthesis
Canada represents a comparatively high-capacity governance model 

characterised by predictable legal and regulatory frameworks, strong 
administrative capacity and coordination, embedded rights-based safe
guards, and mature environmental governance. Although consultation 
obligations and shared federal–provincial responsibilities may increase 
procedural complexity, these institutional governance conditions sup
port resilient and sustainable CRM supply chains by strengthening reg
ulatory predictability, procedural legitimacy, environmental 
stewardship, and long-term supply reliability.

3.4. Chile – copper

Chile possesses the world's largest known copper reserves, estimated 
at approximately 200 million metric tonnes, and accounted for around 
25% of global copper production in 2023 (USGS, 2024c). The country's 
mining sector is centred on globally significant operations, including 
Escondida, Chuquicamata, and Collahuasi (COCHILCO, 2023). Copper 
plays a critical role in construction, electronics, transportation, and 
renewable energy technologies, making Chile a strategically important 
actor within global CRM supply chains (USGS, 2024c). Despite its highly 
developed mining industry, Chile increasingly faces governance chal
lenges associated with water scarcity, Indigenous rights, and environ
mental sustainability, particularly in the Atacama Desert.

3.4.1. Legal and regulatory frameworks
Chile possesses an established legal framework governing mining 

activities, characterised by strong state oversight and a mature regula
tory system. Debates surrounding the 2022 constitutional reform pro
cess highlighted continuing tensions between maintaining investment 
stability and strengthening environmental and social regulation. 
Although the proposed constitutional amendments were ultimately 
rejected, they reaffirmed state ownership of mineral resources while 
proposing stricter environmental obligations, enhanced community 
protections, and restrictions on mining activities in glaciers and pro
tected areas (Lessmeier, 2025). These debates illustrate how Chile's legal 
and regulatory framework continues to evolve in response to changing 
societal expectations regarding mineral governance.

3.4.2. Administrative capacity and coordination
Chile demonstrates comparatively strong administrative capacity, 

supported by established regulatory institutions and specialised envi
ronmental courts. However, the increasing judicialisation of mining 
conflicts illustrates that institutional coordination becomes more chal
lenging where environmental protection, water governance, and 
competing public interests intersect. Although environmental courts 
provide formal mechanisms for reviewing regulatory decisions, they 
also reflect the growing complexity of mining governance and the 
expanding role of judicial institutions in resolving regulatory disputes 
(Lessmeier, 2025).
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3.4.3. Rights-based safeguards
Rights-based safeguards have become increasingly important within 

Chilean mining governance. Expanding public participation and greater 
recognition of community interests have strengthened procedural safe
guards surrounding mining projects. Nevertheless, significant power 
asymmetries remain. Although local communities have gained formal 
opportunities to challenge mining projects through environmental liti
gation, research indicates that legal outcomes continue to favour major 
mining interests in many cases, limiting the practical effectiveness of 
these safeguards (Akchurin, 2023). The Chilean case therefore illustrates 
the distinction between formal procedural rights and their practical 
implementation.

3.4.4. Environmental governance
Environmental governance constitutes one of the defining features of 

contemporary mining governance in Chile. Water scarcity in the Ata
cama Desert has intensified concerns regarding ecosystem protection, 
mining expansion, and long-term resource management. Environmental 
assessment, judicial review, and increasing public scrutiny have 
strengthened environmental accountability, while litigation has exposed 
weaknesses in regulatory enforcement and, in some cases, contributed to 
improved compliance or the suspension of mining projects (Akchurin, 
2023; Lessmeier, 2025). At the same time, continuing environmental 
pressures demonstrate that governance remains contested despite 
comparatively mature regulatory institutions.

3.4.5. Interim synthesis
Chile represents an intermediate governance model characterised by 

comparatively strong legal and regulatory frameworks and administra
tive capacity alongside increasing socio-environmental contestation. 
While rights-based safeguards and environmental governance have 
strengthened considerably, persistent tensions surrounding water man
agement, community participation, and regulatory certainty illustrate 
how institutional governance conditions continue to shape the resilience 
and sustainability of Chilean CRM supply chains.

3.5. The European Union (EU) – regulatory coordination through the 
CRMA

The European Union (EU) is highly dependent on imports for most 
critical raw materials, including lithium, cobalt, rare earth elements, 
and nickel (European Commission, 2020). Domestic extraction and 
processing capacity remain limited, with substantial dependence on 
external refining, particularly in China. Consequently, the EU occupies a 
predominantly downstream position within global CRM supply chains. 
Rather than relying on domestic mineral abundance, the Union seeks to 
strengthen resilience through regulatory coordination, strategic part
nerships, and supply chain diversification.

3.5.1. Legal and regulatory frameworks
The adoption of the CRMA in 2024 represents the EU's principal 

regulatory response to growing concerns over CRM security (European 
Commission, 2023; Regulation (EU) 2024/1252). The Regulation es
tablishes quantitative benchmarks for 2030, requiring that at least 10% 
of annual consumption be met through domestic extraction, 40% 
through domestic processing, and 25% through recycling. Furthermore, 
no >65% of annual consumption of any strategic raw material should 
originate from a single third country. Unlike national mining legislation, 
however, the CRMA functions primarily as a coordination framework 
rather than as a comprehensive mining code.

3.5.2. Administrative capacity and coordination
Administrative capacity and coordination constitute the defining 

features of the EU governance model. Competence over mineral re
sources, permitting, and environmental assessment remains with the 
Member States, while the CRMA seeks to improve coordination through 

harmonised time limits, monitoring requirements, strategic planning 
mechanisms, and the designation of Strategic Projects eligible for accel
erated permitting procedures (Regulation (EU) 2024/1252). Oversight 
by the European Critical Raw Materials Board further reflects the 
Union's multi-level governance structure, in which implementation de
pends on effective coordination between EU institutions and national 
authorities.

3.5.3. Rights-based safeguards
The CRMA does not replace existing EU environmental or procedural 

legislation. Instead, it operates alongside established legal frameworks 
governing environmental assessment, public participation, and envi
ronmental protection. Rights-based safeguards therefore remain 
embedded within broader EU legislation, while the CRMA seeks to 
streamline administrative procedures without fundamentally altering 
existing legal protections (Regulation (EU) 2024/1252).

3.5.4. Environmental governance
Environmental governance is integrated throughout the CRMA 

through provisions promoting sustainability, circularity, recycling, and 
responsible sourcing. Rather than focusing solely on expanding domestic 
extraction, the Regulation combines supply security with resource effi
ciency and international diversification strategies. This approach re
flects the EU's broader objective of strengthening long-term resilience 
while maintaining environmental standards consistent with the Euro
pean Green Deal and wider sustainability objectives (European 
Commission, 2023; Regulation (EU) 2024/1252).

3.5.5. Interim synthesis
The European Union represents a coordination-based governance 

model characterised by strong regulatory design and comparatively high 
institutional capacity. Unlike the producer jurisdictions, however, the 
effectiveness of the CRMA depends less on domestic resource endow
ment than on successful implementation across Member States and 
effective cooperation with producer countries. The EU therefore illus
trates how resilient and sustainable CRM supply chains may be 
strengthened through institutional coordination while also demon
strating the limitations of regulatory ambition when implementation 
depends on institutional governance conditions beyond the Union's 
direct jurisdiction.

4. Results

Following the analytical framework presented in Fig. 1, this section 
examines how institutional governance conditions shape the resilience 
and sustainability of CRM supply chains across five governance contexts. 
The comparative case studies presented in Section 3 provide the 
empirical foundation for the analysis, while the findings are synthesised 
through the three system-level dimensions of the Triple Bottom Line 
(TBL): economic, social, and environmental. These dimensions serve 
as the analytical lenses through which institutional governance condi
tions are interpreted and compared.

Australia and Canada represent comparatively high-capacity gover
nance systems, Chile an intermediate governance configuration, the 
DRC a governance context characterised by comparatively weak insti
tutional governance conditions, and the EU a coordination-based regu
latory model. Together, the findings demonstrate that resilient and 
sustainable CRM supply chains depend less on resource endowment or 
policy ambition than on the institutional governance conditions through 
which mineral value chains are governed.

4.1. Economic dimension: institutional capacity and regulatory 
predictability

At the system level, the economic dimension examines how legal and 
regulatory frameworks, together with administrative capacity and 
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coordination, create the institutional conditions necessary for resilient 
and sustainable CRM supply chains. Rather than referring to firm-level 
financial performance, the economic dimension captures the gover
nance arrangements that support predictable investment environments, 
long-term project viability, and stable supply chain operation.

Research on environmental regulation and permitting systems 
demonstrates that institutional predictability, regulatory quality, and 
administrative coordination are fundamental to long-term industrial 
investment and effective environmental governance (Söderholm et al., 
2022; Sundström, 2025). Well-designed permitting systems can recon
cile ambitious environmental standards with industrial competitiveness 
when procedural clarity, institutional flexibility, and administrative 
competence are embedded within governance structures. Conversely, 
weak institutional capacity increases investment risk and undermines 
long-term supply chain reliability (Söderholm et al., 2022).

Across the five governance contexts, institutional governance con
ditions generate substantial variation in regulatory predictability and 
investment stability. Canada and Australia demonstrate comparatively 
robust legal and regulatory frameworks together with strong adminis
trative capacity. Canada's federal–provincial distribution of compe
tences provides a mature and predictable regulatory environment, 
particularly in long-established mining regions such as the Sudbury 
Basin (Natural Resources Canada, 2023; Deberdt and Letourneau, 
2025). Although the constitutional duty to consult Indigenous commu
nities may extend permitting timelines, it does not undermine institu
tional predictability; rather, it reflects embedded procedural safeguards. 
Similarly, Australia's multi-level regulatory system combines federal 
environmental legislation through the Environment Protection and 
Biodiversity Conservation Act (EPBC Act) with state-level permitting re
sponsibilities (Mills et al., 2025). While permitting processes may be 
complex, regulatory certainty and administrative capacity remain 
comparatively strong.

Chile represents an intermediate governance configuration. 
Although the country possesses mature mining institutions and sub
stantial production capacity, constitutional debates concerning mineral 
governance, together with increasing judicialisation and water-related 
conflicts, have introduced greater regulatory uncertainty (Lessmeier, 
2025). By contrast, the DRC exhibits the weakest institutional gover
nance conditions among the jurisdictions examined. Despite accounting 
for >70% of global cobalt production (USGS, 2024b), fragmented au
thority, overlapping jurisdictions, selective enforcement of the Mining 
Code, and widespread informal governance arrangements reduce regu
latory predictability and weaken long-term investment conditions 
(Balyaminu, 2025; Hanai, 2021).

The European Union differs from the producer jurisdictions by 
relying primarily on regulatory coordination rather than domestic 
mineral production. Through the CRMA, the Union has introduced co
ordination mechanisms, strategic benchmarks, and accelerated permit
ting procedures intended to strengthen supply chain resilience 
(Regulation (EU) 2024/1252). However, implementation ultimately 
depends on administrative capacity within individual Member States, 
resulting in variation across the Union. Greece illustrates these imple
mentation challenges through the absence of a coherent national min
eral strategy and a permitting framework capable of supporting mining 
investment (OECD, 2025).

Overall, the economic dimension demonstrates that the resilience of 
CRM supply chains depends less on geological resource endowment than 
on institutional governance conditions capable of providing regulatory 
predictability, effective administrative capacity and coordination, and 
long-term investment stability.

4.2. Social dimension: rights-based safeguards and legitimacy

Within the analytical framework, the social dimension examines 
rights-based safeguards as an institutional governance condition 
shaping the legitimacy and long-term resilience of CRM supply chains. 

Rather than focusing solely on labour standards or community relations, 
the analysis considers how institutional arrangements protect rights, 
facilitate participation, and establish procedural legitimacy across 
different governance contexts.

Canada provides the strongest example of institutionalised rights- 
based safeguards among the jurisdictions examined. The constitutional 
duty to consult and accommodate Indigenous peoples embeds proce
dural justice within mining permitting processes (Rodon et al., 2025; 
Allard and Curran, 2023). In practice, these obligations have increas
ingly been operationalised through Impact Benefit Agreements (IBAs), 
which formalise benefit-sharing arrangements between mining com
panies and Indigenous communities. Although IBAs have been presented 
as mechanisms for strengthening legitimacy and reducing conflict, 
recent research identifies persistent power asymmetries and uneven 
distributional outcomes (Hitch et al., 2025). Nevertheless, these insti
tutional safeguards contribute to long-term legitimacy by reducing the 
likelihood of conflict-related project disruption.

Australia similarly emphasises the importance of a social licence to 
operate, whereby community trust, stakeholder engagement, and envi
ronmental performance complement formal regulatory approval pro
cesses (Bice and Moffat, 2014; Laurence, 2021). At the same time, 
unresolved Indigenous land claims and legacy mining liabilities 
demonstrate that procedural legitimacy remains an evolving and con
tested aspect of mining governance (Unger et al., 2025).

Chile represents an intermediate governance configuration. 
Increasing socio-environmental conflicts associated with water scarcity 
and Indigenous land claims have strengthened demands for community 
participation and judicial oversight. Although specialised environ
mental courts provide formal mechanisms for accountability (Akchurin, 
2023), continuing power asymmetries and uneven implementation 
constrain the practical effectiveness of these rights-based safeguards 
(Lessmeier, 2025).

The DRC exhibits the weakest rights-based safeguards among the 
jurisdictions examined. Artisanal and small-scale mining (ASM), wide
spread child labour, unsafe working conditions, and informal authority 
structures illustrate substantial governance deficits (Banza Lubaba 
Nkulu et al., 2018; Amnesty International, 2019; André and Godin, 
2013). Furthermore, the coexistence of statutory regulation and 
informal governance arrangements creates legal pluralism that weakens 
accountability and complicates traceability throughout the cobalt sup
ply chain (Balyaminu, 2025). Consequently, legitimacy is frequently 
negotiated rather than institutionally secured.

Within the European Union, rights-based safeguards remain 
embedded within existing environmental, participation, and due dili
gence legislation, while the CRMA seeks to improve administrative co
ordination without fundamentally altering these protections 
(Regulation (EU) 2024/1252). Nevertheless, tensions persist between 
accelerated permitting procedures and maintaining established partici
patory safeguards during project approval.

Overall, the social dimension demonstrates that resilient and sus
tainable CRM supply chains depend not only on production capacity or 
regulatory efficiency but also on institutional arrangements capable of 
ensuring procedural legitimacy, meaningful participation, and credible 
rights protection. Where such safeguards remain weak or are imple
mented inconsistently, social conflict and governance deficits may un
dermine long-term supply chain resilience despite abundant mineral 
resources.

4.3. Environmental dimension: long-term ecological governance

Within the analytical framework, the environmental dimension ex
amines environmental governance as an institutional governance con
dition shaping the long-term resilience and sustainability of CRM supply 
chains. Rather than focusing solely on environmental performance, the 
analysis considers the institutional capacity to prevent, monitor, regu
late, and manage ecological impacts through environmental assessment, 
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regulatory enforcement, remediation, and long-term stewardship.
Canada and Australia demonstrate comparatively mature environ

mental governance systems. Canada's environmental assessment regime 
and long-term emission reduction efforts in regions such as the Sudbury 
Basin illustrate how environmental governance has evolved alongside 
mining development (Watkinson et al., 2022). Similarly, Australia's 
federal and state-level environmental assessment systems provide 
comprehensive regulatory oversight. However, legacy mine sites and 
continuing remediation obligations demonstrate that environmental 
governance extends beyond project approval to encompass long-term 
ecological stewardship (Unger et al., 2025).

Chile faces increasing environmental pressures associated with 
copper and lithium extraction in water-scarce regions, particularly in 
the Atacama Desert. Although specialised environmental courts provide 
formal mechanisms for environmental accountability (Akchurin, 2023), 
uneven enforcement, combined with persistent ecological pressures, 
continues to challenge long-term environmental sustainability 
(Lessmeier, 2025).

The DRC exhibits the weakest environmental governance among the 
jurisdictions examined. Widespread environmental contamination, toxic 
exposure, and insufficient monitoring systems demonstrate substantial 
deficiencies in environmental oversight (Banza Lubaba Nkulu et al., 
2018). These environmental challenges intersect with public health 
risks, informal mining practices, and weak institutional enforcement, 
reinforcing broader governance vulnerabilities.

Within the European Union, the CRMA strengthens environmental 
governance by integrating circularity and resource efficiency into the 
Union's broader regulatory framework. The Regulation establishes 
binding recycling benchmarks, including the objective that at least 25% 
of annual strategic raw material consumption should originate from 
recycling (Regulation (EU) 2024/1252). This emphasis on circularity 
reflects not only environmental ambition but also the Union's structural 
dependence on imported raw materials. Comparable binding circularity 
frameworks remain largely absent from the producer jurisdictions 
examined. While Canada and Australia promote recycling and innova
tion through national strategies, these initiatives remain primarily 
programmatic, whereas Chile and the DRC exhibit even more limited 
institutionalisation of circular resource governance.

Overall, the environmental dimension demonstrates that resilient 
and sustainable CRM supply chains depend on institutional governance 
capable of managing ecological risks, supporting long-term environ
mental stewardship, and promoting circular resource use. Environ
mental governance therefore contributes not only to environmental 
protection but also to the long-term resilience and sustainability of CRM 
supply chains.

4.4. Comparative synthesis of institutional governance conditions

The comparative analysis demonstrates that differences in CRM 
supply chain resilience and sustainability are best explained by varia
tions in institutional governance conditions rather than by geological 
resource endowment or production capacity alone. Across the five 
governance contexts, legal and regulatory frameworks, administrative 
capacity and coordination, rights-based safeguards, and environmental 
governance interact to shape the capacity of CRM supply chains to 
remain reliable, legitimate, and adaptive over time. Although each 
governance condition contributes independently, the findings indicate 
that resilience and sustainability emerge from their combined interac
tion rather than from any single institutional factor.

Canada and Australia represent comparatively high-capacity gover
nance systems in which all four institutional governance conditions are 
well developed. Stable legal and regulatory frameworks, effective 
administrative capacity and coordination, embedded rights-based safe
guards, and mature environmental governance create predictable con
ditions for long-term investment while strengthening social legitimacy 
and environmental stewardship. Although these governance 

arrangements may involve more complex permitting procedures, they 
ultimately support resilient and sustainable CRM supply chains by 
reducing long-term regulatory uncertainty.

The DRC represents the opposite end of the governance spectrum. 
Despite possessing the world's largest cobalt reserves and accounting for 
>70% of global production, fragmented legal and regulatory frame
works, limited administrative capacity and coordination, weak rights- 
based safeguards, and constrained environmental governance collec
tively undermine supply chain resilience. The DRC therefore illustrates 
that mineral abundance alone cannot compensate for weak institutional 
governance conditions.

Chile occupies an intermediate governance position. While 
comparatively strong legal and regulatory frameworks and established 
mining capacity support supply chain stability, increasing environ
mental pressures, judicialisation, and socio-environmental conflicts 
demonstrate that resilience depends not only on regulatory stability but 
also on the continued legitimacy and adaptability of governance in
stitutions. The Chilean case illustrates how environmental governance 
and rights-based safeguards become increasingly important as mining 
activities expand under growing societal and ecological pressures.

The European Union differs fundamentally from the producer juris
dictions by relying primarily on regulatory coordination rather than 
domestic resource endowment. Through the CRMA, the EU seeks to 
strengthen resilience by coordinating permitting procedures, promoting 
circularity, and diversifying international supply relationships. Never
theless, the comparative analysis demonstrates that the effectiveness of 
this governance model ultimately depends on institutional governance 
conditions within producer jurisdictions, highlighting the interdepen
dence of contemporary CRM supply chains.

Taken together, the comparative findings demonstrate that resilient 
and sustainable CRM supply chains emerge from the interaction of 
institutional governance conditions rather than from individual regu
latory measures, policy ambitions, or geological resource endowment 
alone. Security of supply, diversification, sustainability, and innovation 
and circularity should therefore be understood as system-level gover
nance outcomes arising from the interaction of legal and regulatory 
frameworks, administrative capacity and coordination, rights-based 
safeguards, and environmental governance across interconnected 
jurisdictions.

5. Discussion

Building on the comparative synthesis presented in the previous 
section, this discussion interprets how institutional governance condi
tions shape broader patterns of resilience and sustainability across CRM 
supply chains. Rather than treating security of supply, diversification, 
sustainability, and innovation and circularity as independent policy 
objectives, the findings suggest that these represent system-level 
governance outcomes emerging from the interaction of legal and regu
latory frameworks, administrative capacity and coordination, rights- 
based safeguards, and environmental governance. The discussion 
therefore shifts the analytical focus from individual regulatory in
struments towards the institutional governance conditions under which 
CRM strategies succeed or fail.

5.1. Security of supply as an institutional outcome

The comparative analysis demonstrates that security of supply is 
fundamentally an institutional governance outcome rather than a simple 
function of geological resource endowment or production capacity. 
Across the five governance contexts, reliable supply is more closely 
associated with legal predictability, administrative capacity and coor
dination, and institutional stability than with extraction volumes alone. 
Security of supply therefore emerges from institutional governance 
conditions that enable mining, processing, and related activities to 
operate within predictable, legitimate, and effective regulatory 
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frameworks.
Canada and Australia illustrate how comparatively strong legal and 

regulatory frameworks, effective administrative capacity and coordi
nation, and stable permitting systems support resilient and sustainable 
CRM supply chains. Although constitutional consultation obligations in 
Canada and Australia's multi-level governance arrangements may in
crease procedural complexity and occasionally extend permitting 
timelines, these institutional safeguards reinforce long-term regulatory 
predictability rather than undermine it.

The DRC represents the opposite governance configuration. Despite 
accounting for >70% of global cobalt production, fragmented authority, 
selective enforcement of the Mining Code, corruption, and reliance on 
informal ASM structures reduce institutional predictability and weaken 
long-term supply reliability. The case therefore demonstrates that 
abundant mineral resources alone cannot compensate for weak institu
tional governance conditions.

Chile occupies an intermediate governance position. While mature 
mining institutions and substantial production capacity support supply 
chain stability, increasing socio-environmental conflicts, judicialisation, 
and regulatory uncertainty illustrate how environmental governance 
and rights-based safeguards increasingly influence long-term supply 
security.

The European Union approaches security of supply through regula
tory coordination rather than domestic resource abundance. Through 
the CRMA, the Union seeks to strengthen resilience by coordinating 
permitting procedures, promoting Strategic Projects, and reducing 
dependence on individual supplier countries. Nevertheless, the 
comparative analysis demonstrates that the effectiveness of these mea
sures ultimately depends on institutional governance conditions within 
producer jurisdictions, highlighting the interdependence of global CRM 
supply chains.

Taken together, the findings indicate that security of supply should 
be understood as an institutional governance outcome emerging from 
the interaction of legal and regulatory frameworks, administrative ca
pacity and coordination, rights-based safeguards, and environmental 
governance. From this perspective, resilient and sustainable CRM supply 
chains depend less on production volumes than on governance systems 
capable of providing long-term regulatory predictability, procedural 
legitimacy, and institutional stability.

5.2. Diversification and the governance quality of partnerships

The comparative analysis indicates that diversification is likewise an 
institutional governance outcome rather than simply a strategy of 
geographical or trade redistribution. Although diversification is 
frequently presented as a means of reducing dependence on individual 
suppliers, the findings demonstrate that its effectiveness depends on the 
availability of partner jurisdictions characterised by stable institutional 
governance conditions. Diversification therefore concerns not only 
where critical raw materials are sourced but also how they are governed.

Australia and Canada illustrate how comparatively strong legal and 
regulatory frameworks, effective administrative capacity and coordi
nation, embedded rights-based safeguards, and mature environmental 
governance support reliable long-term partnerships. Their institutional 
stability makes them attractive partners for diversification strategies 
that seek to reduce geopolitical and supply chain risks while maintaining 
high environmental and governance standards.

The DRC represents a contrasting governance configuration. Despite 
its dominant position in global cobalt production, fragmented gover
nance, weak institutional capacity, and limited regulatory enforcement 
create a structural paradox in which heavy dependence on a 
governance-fragile producer may reduce rather than strengthen overall 
supply chain resilience. Similarly, Chile demonstrates that diversifica
tion cannot eliminate governance-related risks where environmental 
pressures, judicialisation, and socio-environmental conflicts continue to 
shape long-term mining governance, even within comparatively mature 

institutional systems.
The European Union addresses these challenges through the CRMA 

by promoting strategic partnerships and introducing the 65% de
pendency threshold for strategic raw materials. These measures recog
nise that diversification requires reducing excessive reliance on 
individual supplier countries. However, the comparative findings sug
gest that diversification strategies cannot be assessed solely by the 
number of supplier countries involved. Their long-term effectiveness 
depends equally on the quality of institutional governance within those 
jurisdictions and on their capacity to provide predictable, legitimate, 
and environmentally sustainable supply.

Taken together, the findings demonstrate that diversification should 
be understood as a governance-sensitive outcome emerging from insti
tutional governance conditions rather than from geographical redistri
bution alone. Resilient diversification therefore requires partnerships 
based not only on resource availability but also on shared institutional 
capacity, regulatory predictability, and long-term governance 
reliability.

5.3. Sustainability as the interaction of legitimacy and ecological 
governance

The comparative analysis demonstrates that sustainability emerges 
from the interaction of rights-based safeguards and environmental 
governance rather than from environmental regulation alone. From this 
perspective, sustainability should be understood as an institutional 
governance outcome requiring both ecological protection and proce
dural legitimacy. While environmental regulation may reduce ecological 
risks, long-term resilience depends equally on governance arrangements 
that are perceived as legitimate and socially accepted.

Canada illustrates how constitutional duties to consult and accom
modate Indigenous peoples embed procedural legitimacy within min
eral governance. Although consultation requirements may extend 
permitting timelines and occasionally generate legal disputes, these 
safeguards strengthen long-term governance stability by enhancing 
institutional legitimacy (Rodon et al., 2025; Allard and Curran, 2023). 
Australia similarly demonstrates that the concept of a social licence to 
operate complements formal regulatory requirements by integrating 
community trust, stakeholder engagement, and environmental re
sponsibility into mining governance (Bice and Moffat, 2014; Laurence, 
2021). In both cases, rights-based safeguards contribute to resilience 
by reducing the likelihood of conflict and reinforcing the long-term 
legitimacy of mining projects.

Chile represents a more contested governance configuration in which 
increasing water scarcity, environmental pressures, and socio- 
environmental conflicts challenge the balance between mineral devel
opment and ecological protection. Although specialised environmental 
courts strengthen procedural accountability, uneven implementation 
and continuing power asymmetries demonstrate that environmental 
governance alone cannot resolve underlying legitimacy challenges 
(Akchurin, 2023; Lessmeier, 2025).

The Democratic Republic of the Congo (DRC) reveals more funda
mental governance deficits. Widespread child labour, environmental 
contamination, legal pluralism, and weak institutional enforcement 
undermine both rights-based safeguards and environmental governance 
(Banza Lubaba Nkulu et al., 2018; Amnesty International, 2019; André 
and Godin, 2013; Balyaminu, 2025). The case demonstrates that sus
tainability cannot be achieved where institutional governance condi
tions fail to provide either effective environmental protection or credible 
procedural legitimacy.

These contrasts reveal a broader structural tension within contem
porary CRM governance. Policies seeking to accelerate permitting and 
expand mineral production may strengthen short-term supply security 
while simultaneously placing pressure on rights-based safeguards and 
environmental governance where institutional capacity is insufficient. 
The comparative findings therefore suggest that resilient and 
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sustainable CRM supply chains depend not on accelerated permitting 
alone but on governance arrangements capable of integrating legal and 
regulatory certainty, procedural legitimacy, and long-term environ
mental stewardship.

5.4. Innovation and circularity as long-term governance outcomes

The comparative analysis suggests that innovation and circularity 
are the system-level governance outcomes most dependent on long-term 
institutional coordination. Unlike security of supply or diversification, 
which can be influenced through relatively immediate regulatory or 
geopolitical interventions, innovation and circularity require sustained 
policy commitment, regulatory predictability, and coordinated gover
nance across the entire critical raw material value chain.

None of the producer jurisdictions examined currently operates 
binding circularity frameworks comparable to the European Union's 
requirement that at least 25% of annual strategic raw material con
sumption should originate from recycling (Regulation (EU) 2024/1252). 
Canada and Australia promote recycling and innovation through na
tional strategies and policy initiatives, but these remain largely pro
grammatic rather than legally binding. Chile and the Democratic 
Republic of the Congo (DRC) exhibit even more limited institutionali
sation of secondary material flows, reflecting a continued emphasis on 
primary extraction and export-oriented mineral production.

These differences reveal a structural imbalance in contemporary 
CRM governance. Whereas the European Union embeds circularity 
within a comprehensive regulatory framework linking resource effi
ciency, recycling, and supply security, producer jurisdictions continue to 
prioritise primary extraction, investment, and export competitiveness. 
The comparative analysis therefore suggests that innovation and circu
larity depend not only on technological development but also on insti
tutional governance conditions capable of supporting long-term policy 
continuity, regulatory certainty, and cross-sectoral coordination.

From a system-level perspective, circularity cannot be understood as 
a downstream technical solution implemented after extraction has 
occurred. Instead, it represents an institutional governance strategy 
requiring integration across legal and regulatory frameworks, adminis
trative capacity and coordination, rights-based safeguards, and envi
ronmental governance. Without compatible regulatory standards, 
effective traceability systems, and sustained international cooperation, 
national circularity initiatives remain constrained by the institutional 
governance conditions operating across global CRM supply chains.

5.5. Comparative synthesis

The discussion demonstrates that security of supply, diversification, 
sustainability, and innovation and circularity are most appropriately 
understood as system-level governance outcomes rather than as inde
pendent policy objectives. Across the five governance contexts, these 
outcomes emerge from the interaction of legal and regulatory frame
works, administrative capacity and coordination, rights-based safe
guards, and environmental governance. None of these institutional 
governance conditions is sufficient in isolation; rather, resilient and 
sustainable CRM supply chains depend on how they interact within 
broader governance systems.

This perspective shifts the analytical focus away from production 
volumes, geological resource endowment, and individual regulatory 
instruments towards the institutional governance conditions that enable 
supply chains to remain reliable, legitimate, and adaptive over time. The 
comparative analysis further demonstrates that governance cannot be 
understood solely in terms of regulatory stringency. Instead, resilient 
and sustainable CRM supply chains depend on the interaction of pre
dictable legal and regulatory frameworks, effective administrative ca
pacity and coordination, credible rights-based safeguards, and long- 
term environmental governance.

The findings also highlight the interdependence of global CRM 

governance. Producer jurisdictions and downstream regulatory actors 
face different governance challenges, yet resilient and sustainable CRM 
supply chains ultimately depend on institutional governance conditions 
operating across all stages of the critical raw material value chain. 
Consequently, governance reforms should focus not only on accelerating 
permitting or increasing domestic production but also on strengthening 
institutional governance conditions, improving regulatory coordination, 
and supporting long-term governance capacity across jurisdictions.

This institutional governance perspective constitutes the principal 
contribution of the study. By integrating Sustainable Supply Chain 
Management (SSCM) and the Triple Bottom Line (TBL) within a 
comparative legal and institutional framework, the analysis demon
strates that resilient and sustainable CRM supply chains are funda
mentally shaped by institutional governance conditions rather than by 
resource endowment or policy ambition alone.

6. Conclusions

This study examined how institutional governance conditions shape 
the resilience and sustainability of critical raw material (CRM) supply 
chains across different governance contexts. By integrating Sustainable 
Supply Chain Management (SSCM) and the Triple Bottom Line (TBL) 
within a comparative legal and institutional framework, the analysis 
demonstrates that resilient and sustainable CRM supply chains depend 
not only on resource endowment or policy ambition but also on the 
institutional governance conditions within which extraction, processing, 
recycling, and trade are organised. The comparative analysis shows that 
legal and regulatory frameworks, administrative capacity and coordi
nation, rights-based safeguards, and environmental governance operate 
interactively to shape supply chain resilience and sustainability. 
Consequently, security of supply, diversification, sustainability, and 
innovation and circularity are best understood as system-level gover
nance outcomes rather than as independent policy objectives. While 
Australia and Canada illustrate comparatively mature governance sys
tems, Chile highlights the challenges of balancing environmental pro
tection with procedural legitimacy, the Democratic Republic of the 
Congo demonstrates the consequences of fragmented institutional 
governance, and the European Union illustrates both the opportunities 
and limitations of coordination-based governance in globally inter
connected supply chains.

The study contributes to existing scholarship by shifting analytical 
attention from individual policy instruments towards institutional 
governance conditions as the foundation of resilient and sustainable 
CRM supply chains. It demonstrates that strengthening CRM resilience 
requires more than regulatory ambition or increased production ca
pacity. Instead, it depends on governance systems capable of combining 
legal and regulatory predictability, effective administrative capacity and 
coordination, credible rights-based safeguards, and long-term environ
mental stewardship across interconnected jurisdictions. Ultimately, the 
study shows that the resilience and sustainability of critical raw material 
supply chains are determined less by the location of mineral resources 
than by the institutional governance conditions through which those 
resources are governed.
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Söderholm, P., Bergquist, A.-K., Pettersson, M., Söderholm, K., 2022. The political 
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