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Abstract 

Background. The global energy transition has increased strategic dependence on critical metals that are essential for 

electrification, battery production, renewable-energy systems, and clean-energy industrial supply chains. As demand 

rises, mineral access has become a question of financing capacity, ownership, and governance rather than geological 

abundance alone.  

Objective. This study measures critical metal security premiums by examining how strategic mineral value is reflected 

in Chinese official financing for transition-mineral projects, and it tests whether financial governance mechanisms 

mitigate those premiums.  

Data and methods. The empirical basis is AidData’s Chinese Financing for Transition Minerals Dataset, Version 2.0, 

which records Chinese official-sector grant and loan commitments from 2000 to 2023. The recommended aggregate 

loan-event sample contains 311 records, with a total identified financing amount of approximately US$98.11 billion 

in constant 2023 US dollars. Because the dataset does not contain commodity spot or futures prices, security premiums 

are captured through financing behavior, using the size of Chinese official financing, the interest rate at commitment, 

and the margin on reference rate, alongside collateralization, commodity-backed finance, ownership, and product-

control arrangements. Security-sensitive critical metals are defined as loan events involving copper, cobalt, nickel, 

lithium, or rare earth elements, and other transition minerals form the comparison group. Analysis combines 

descriptive comparison with ordinary least squares regression that includes region, financing period, and project-

activity controls, robust standard errors, and a critical-metal by governance-mitigation interaction term.  

Results. Chinese official financing is strongly concentrated in security-sensitive critical metals, which account for 

approximately US$87.55 billion of the total portfolio, against US$10.57 billion for other transition minerals. These 

minerals receive larger average commitments, at approximately US$350.19 million per event versus US$251.58 

million, and show higher raw loan-pricing indicators. Regression evidence indicates that the strongest premium 

appears in financing size, while loan-pricing effects depend more on project and governance characteristics. 

Governance mechanisms, including non-public debt exposure, host-government participation, local procurement, 

local employment, workforce development, and rehabilitation or post-closure planning, show evidence of mitigating 

some components of the premium, particularly loan-margin pressure.  

Conclusions. Critical metal security premiums are not only market-price phenomena. They are also embedded in 

project-level financing structures, and financial governance can partially reduce their cost. The study contributes to 

debates on critical mineral security, energy-transition finance, Chinese overseas finance, and global financial 

governance. 
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1. INTRODUCTION 

The global energy transition is rapidly converting critical minerals from conventional industrial inputs into strategic 

financial and security assets. Technologies central to decarbonization, including electric vehicles, grid-scale battery 

storage, solar photovoltaics, wind turbines, transmission networks, and advanced power electronics, depend heavily 

on minerals such as copper, lithium, nickel, cobalt, graphite, and rare earth elements. The International Energy Agency 

projects substantial long-term increases in demand for these materials under climate-driven scenarios, with lithium, 

graphite, nickel, cobalt, copper, and rare earth elements occupying especially important positions in clean-energy 

supply chains [1], [2]. The World Bank likewise emphasizes that the clean-energy transition is mineral intensive, 
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estimating that more than three billion tons of minerals and metals will be needed to deploy low-carbon technologies 

at the scale required for climate targets [3]. Mineral availability is therefore no longer only a matter of geological 

abundance. It has become a matter of financing capacity, ownership control, geopolitical access, contract design, and 

supply-chain resilience. This shift creates a need to examine not only how much supply can be produced, but also how 

the financial structures behind extraction and processing projects shape the cost of strategic access. 

This study develops the concept of a critical metal security premium to capture the additional financial and strategic 

value attached to minerals that are essential for the transition but exposed to supply concentration, political risk, 

processing bottlenecks, and ownership competition. In traditional commodity-market analysis, a premium is usually 

read from price spreads, futures curves, or spot volatility. In the context of transition minerals, however, security 

premiums may also appear before the commodity reaches the market. They can be embedded in financing terms, loan 

size, collateral arrangements, commodity-backed repayment structures, product-control rights, and ownership 

positions that determine who gains access to future supply. This broader interpretation is important because mining 

and processing projects are capital intensive, geographically uneven, and slow to reach production [4]. When strategic 

minerals are linked to electric mobility, renewable power, and national industrial policy, financiers may accept larger 

exposures, tighter control mechanisms, or higher pricing to secure long-term access. A financing-based measurement 

of security premiums thus provides a valuable complement to market-price approaches by identifying how strategic 

value is built into project finance itself. 

The need for such an approach is reinforced by the growing concentration of critical mineral supply chains. The IEA 

reports that refining and processing capacity for many key minerals has become more concentrated rather than less 

concentrated in recent years. In 2024, the average market share of the top three refining nations for key energy minerals 

rose to 86 percent, while supply growth remained heavily concentrated among a few leading producers, including 

China, Indonesia, and the Democratic Republic of the Congo [2]. Long-horizon demand scenarios point to the same 

set of materials, which confirms the strategic weight of copper for electrification and of lithium, nickel, and cobalt for 

batteries [5], [6]. Material-bottleneck assessments warn that rapid deployment of green technologies could strain the 

supply of several of these metals [7]. IRENA further notes that criticality designations can influence capital allocation, 

encourage higher environmental and social standards, and support international collaboration [8]. Mineral criticality 

is therefore increasingly financialized. Capital flows, credit conditions, and governance arrangements now help 

determine whether countries and firms can secure reliable access to transition minerals. 

China’s overseas transition-mineral finance offers a highly relevant empirical setting for measuring this financing-

based premium. AidData’s Chinese Financing for Transition Minerals Dataset, Version 2.0 tracks approximately 

US$98 billion in Chinese official-sector financial commitments for transition-mineral extraction and processing 

operations across 47 countries from 2000 to 2023 [9]. The dataset is valuable because it connects financing 

commitments with mineral type, project activity, host country, financier identity, ownership structure, loan terms, 

collateralization, commodity backing, and governance-related safeguards. These features allow the present study to 

move beyond general statements about strategic mineral competition and to test empirically whether commitments 

are systematically larger or more costly for security-sensitive minerals such as copper, cobalt, nickel, lithium, and rare 

earth elements. The dataset also makes it possible to examine whether financial governance mechanisms, such as co-

financing, multilateral participation, public-liability limits, host-government ownership, local procurement and 

employment requirements, workforce development, and rehabilitation or post-closure planning, reduce the premium 

embedded in strategic mineral finance. 

Accordingly, this paper investigates two related questions. First, how can critical metal security premiums be 

measured using project-level financing data rather than only market-price data? Second, do financial governance 

mechanisms mitigate these premiums by reducing loan margins, diversifying financing risk, or strengthening 

institutional safeguards around extraction and processing projects? In answering these questions, the study makes 

three contributions. It proposes a financing-based measurement framework for critical metal security premiums, using 

loan size, interest rates, reference-rate margins, collateralization, commodity backing, ownership, and product-control 

arrangements as observable indicators of strategic value. It provides empirical evidence from Chinese official 

financing for transition minerals, a major but previously opaque segment of global mineral finance. It evaluates the 

mitigation role of financial governance, showing how institutional safeguards and diversified financing arrangements 

may reduce the financial cost of securing critical metal access. The energy transition will not be determined by mineral 

demand alone. It will also depend on whether the financial architecture of mineral supply can balance strategic 

security, investment efficiency, and responsible governance. 

 

2. LITERATURE REVIEW 

2.1 Critical Minerals and the Security Logic of the Global Energy Transition 

Research on the global energy transition increasingly identifies critical minerals as a central foundation of low-carbon 

energy security. Unlike fossil-fuel systems, which depend on continuous fuel supply, clean-energy systems require 

large upfront inputs of minerals and metals for batteries, electric vehicles, solar photovoltaics, wind turbines, grid 
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infrastructure, and power electronics. Minerals such as copper, lithium, nickel, cobalt, graphite, and rare earth elements 

have therefore become strategic resources that enable electrification and renewable-energy deployment. The World 

Bank estimated that more than three billion tons of minerals and metals would be required to deploy wind, solar, 

geothermal, and storage technologies under a below-two-degree pathway [3]. The IEA reaches a similar conclusion, 

tying demand for these materials directly to clean-energy technology deployment and national energy-security 

strategies [1], [2]. This body of work establishes that the transition is not only a technological change but also a 

mineral-intensive restructuring of global production and finance. 

A major theme is that mineral security depends on far more than geological availability. Månberger and Johansson 

argued that the renewable-energy transition generates new geopolitical concerns because several metals and metalloids 

used in low-carbon technologies are geographically concentrated [10]. Overland similarly showed that the geopolitics 

of renewable energy differs from that of fossil fuels, yet it does not remove resource-security concerns; instead, it 

creates new dependencies around extraction, processing, and clean-technology manufacturing [11]. Scenario-based 

analysis of nickel, cobalt, lithium, graphite, and copper reinforces the point that supply may struggle to keep pace with 

transition demand [12]. Owen and colleagues add that transition-mineral development often intersects with land-

connected peoples, so security cannot be separated from local rights and legitimacy [13]. These studies provide the 

basis for treating critical metals as security-sensitive assets rather than ordinary commodities. 

The sustainability literature adds a further dimension by arguing that mineral security cannot be divorced from social 

and environmental governance. Sovacool and colleagues warned that the low-carbon transition may reproduce 

extractive harms if mineral expansion is not managed through stronger labor, environmental, and community 

safeguards [14]. Complementary work documents the social and environmental complexity of extracting energy-

transition metals and the biodiversity pressures created by renewable-energy expansion [15], [16]. The concept of a 

social licence to operate shows that community acceptance shapes whether projects proceed [17], while earlier reviews 

established mining’s contested environmental footprint [18]. Responsible-sourcing scholarship on conflict minerals 

and cobalt shows how supply-chain initiatives attempt to manage these risks [19], [20], and Global South perspectives 

caution that criticality framings can overlook producer-country interests [21]. Critical mineral security is therefore 

multidimensional. It involves supply availability, processing concentration, financial access, ownership control, 

environmental legitimacy, and social responsibility, which supports the present study’s focus on financing structures 

and governance mechanisms. 

2.2 Measuring Critical Metal Security Premiums: From Market Prices to Financial Contracts 

Existing studies commonly measure critical mineral risk through commodity prices, price volatility, trade dependence, 

import concentration, reserve scarcity, or geopolitical supply exposure. A large criticality-assessment literature 

formalizes these measures. Foundational frameworks quantify supply risk and vulnerability across many metals and 

establish standard indicators for criticality [22], [23]. By-product metals receive particular attention because their 

supply is tied to host-metal production and is therefore difficult to expand [24]. Reviews of raw-material supply risk 

and vulnerability synthesize these methods and highlight their data requirements [25], [26]. Battery-material supply 

risks and comprehensive methodological reviews extend the toolkit to the specific minerals that dominate clean-energy 

demand [27], [28]. These approaches are useful because commodity markets respond quickly to disruptions, shortages, 

and export restrictions. They do not, however, fully capture the strategic value embedded in the financing stage of 

mineral supply, before production begins. 

This study therefore builds on the idea that security premiums can be observed in financing behavior, not only in spot 

prices. In project finance, a premium can appear as larger loan commitments, higher interest rates, wider reference-

rate margins, stronger collateral requirements, commodity-backed repayment, ownership-linked lending, and product-

control rights. The project-finance literature provides the analytical grounding for reading strategic value from loan 

structures. Studies of large projects show why project finance is used for capital-intensive, long-horizon assets [29], 

and comparative work distinguishes project-finance loans from ordinary syndicated credits [30]. The term structure 

of credit spreads in project finance links pricing to risk and maturity [31], while research on political risk shows how 

development-bank participation shapes syndication and pricing in risky jurisdictions [32]. Alongside these 

mechanisms, geopolitical risk is increasingly quantified and connected to resource markets. The geopolitical-risk 

index has become a standard measure [33], and recent work links geopolitical risk and mineral prices to the energy 

transition [34], [35], including analyses of Chinese influence in rare earth and lithium markets [36]. Reading premiums 

from financial contracts complements this price-based work by revealing how future access is secured before minerals 

enter trade. 

2.3 Chinese Official Finance and Transition-Mineral Supply Chains 

China’s role in global transition-mineral supply chains is a major focus of academic and policy debate. China is 

important not only as a consumer of critical minerals but also as a leading processor, refiner, manufacturer, financier, 

and overseas investor. Its industrial strategy connects mineral access with downstream sectors such as electric vehicles, 

batteries, solar technologies, and wind power. Chinese overseas mineral finance therefore cannot be read only as 

ordinary development finance or commercial lending. It may also function as a mechanism for securing long-term 
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supply, strengthening processing chains, supporting Chinese firms abroad, and reducing exposure to external 

disruption. A growing empirical literature on Chinese development finance clarifies these dynamics. Studies show 

that the determinants of Chinese state financing differ from those of traditional donors [37] and that Chinese 

development finance has measurable effects on recipient growth [38]. Analyses of China’s overseas lending document 

its scale, collateralization, and often non-public terms [39], while critical assessments caution against simplistic debt-

trap narratives [40]. 

The AidData Chinese Financing for Transition Minerals Dataset provides a particularly useful empirical basis for this 

issue. The dataset records Chinese official-sector financial commitments for transition-mineral extraction and 

processing across 47 countries from 2000 to 2023, with approximately US$98 billion in commitments in Version 2.0 

[9]. Unlike aggregate trade or investment statistics, it links financing events to mineral type, host country, activity, 

financier, loan pricing, collateralization, commodity backing, product-control arrangements, ownership structures, and 

governance safeguards. This makes it possible to examine whether Chinese official finance is concentrated in 

particular minerals and activities, and whether financial terms differ for minerals that are central to the transition. 

Official finance can perform strategic functions that private capital may not perform to the same degree. It can support 

long-payback projects, absorb political or commercial risk, connect lending to ownership or product access, and use 

collateral or commodity-backed structures to secure repayment and supply. Chinese official transition-mineral finance 

is therefore an appropriate setting for measuring whether critical minerals carry a security premium. 

2.4 Financial Governance as a Mitigation Mechanism 

The financial governance literature emphasizes that resource security should be managed through transparency, 

accountability, risk sharing, environmental safeguards, local-development requirements, and responsible investment. 

In critical minerals, governance is especially important because the pressure to expand supply quickly can create 

environmental damage, labor risks, sovereign-debt exposure, community conflict, or weak local value creation. 

Sovacool and colleagues argued that low-carbon mineral supply chains must be made more sustainable and just [14]. 

Recent responsible-finance work emphasizes that financing structures should support sustainable mineral production 

rather than simply accelerate extraction [41], [42]. Governance is thus part of the institutional architecture through 

which secure and legitimate supply is created, not a background condition external to it. 

Financial governance can reduce critical metal security premiums through several channels. Co-financing with non-

Chinese or international financiers can diversify project risk and reduce dependence on a single state-linked lender. 

Multilateral participation can introduce stronger monitoring, disclosure, and environmental standards. Non-public or 

non-guaranteed debt structures can limit host-country sovereign liability. Host-government ownership can align 

projects with domestic development goals, although the effect may depend on governance quality. Local procurement, 

local employment, workforce development, and rehabilitation or post-closure planning can improve social legitimacy 

and reduce long-term environmental and political risk. These mechanisms are particularly relevant in transition-

mineral projects, where social opposition, environmental risk, and weak local development outcomes can delay 

production and raise financing costs. The present study treats these mechanisms as financial governance mitigation 

effects. The argument is not that governance removes the strategic value of critical metals. Governance can, however, 

reduce the financial cost, risk concentration, and institutional vulnerability associated with securing access. 

2.5 Literature Review Comparison and Research Gap 

Table 1 compares the most relevant literature streams and situates the present study within them. Previous research 

has contributed strongly to understanding mineral demand, geopolitical supply risk, sustainability concerns, and 

responsible finance. Most existing studies, however, do not directly measure critical metal security premiums through 

project-level financing behavior. They also provide limited empirical evidence on whether governance mechanisms 

reduce the financial cost of securing transition-mineral access. The present study addresses this gap by using Chinese 

official financing data to measure security premiums through loan size, interest rates, reference-rate margins, 

collateralization, commodity backing, ownership control, and governance safeguards. 

 

Table 1. Literature Review Comparison and Positioning of the Present Study 

Author(s) / 

Source 

Main Focus Data / Method Key Contribution Limitation or Gap Relevance to 

Present Study 

Overland 

(2019) 

Geopolitics of 

renewable 

energy 

Conceptual and 

policy analysis 

Shows that 

renewable energy 

changes, rather 

than removes, 

geopolitical 

energy-security 

concerns 

Does not 

empirically 

measure mineral-

finance 

mechanisms or 

security premiums 

Supports the 

argument that the 

energy transition 

creates new forms 

of strategic 

resource 

dependence 
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Author(s) / 

Source 

Main Focus Data / Method Key Contribution Limitation or Gap Relevance to 

Present Study 

Månberger 

and Johansson 

(2019) 

Geopolitics of 

metals and 

metalloids 

used in 

renewable-

energy 

technologies 

Metal-level 

assessment of 

geographic 

concentration, 

market size, and 

strategic 

relevance 

Demonstrates that 

several renewable-

energy metals have 

geopolitical 

importance because 

of supply 

concentration 

Focuses on 

resource 

concentration 

rather than 

financing terms or 

governance 

mitigation 

Provides 

theoretical support 

for treating 

transition metals as 

security-sensitive 

assets 

Hund et al. 

(2020) / World 

Bank 

Mineral 

intensity of 

clean-energy 

technologies 

Scenario-based 

mineral-demand 

assessment 

Shows that the 

clean-energy 

transition will 

require very large 

quantities of 

minerals and 

metals 

Does not analyze 

project-level 

finance or Chinese 

official lending 

Establishes the 

demand-side 

importance of 

critical minerals for 

the global energy 

transition 

Sovacool et al. 

(2020) 

Sustainable 

mineral and 

metal supply 

for a low-

carbon future 

Interdisciplinary 

review 

Highlights 

environmental, 

social, labor, and 

justice challenges 

in mineral 

extraction 

Does not quantify 

how financial 

governance affects 

loan pricing or 

security premiums 

Supports the 

inclusion of 

governance, local 

employment, 

rehabilitation, and 

responsible-finance 

variables 

IEA (2024, 

2025) 

Global critical 

mineral 

demand, 

supply, and 

refining 

concentration 

Global energy 

and mineral-

market 

assessment 

Identifies copper, 

lithium, nickel, 

cobalt, graphite, 

and rare earth 

elements as central 

to clean-energy 

supply chains 

Primarily focuses 

on demand, supply, 

and market 

concentration 

rather than project-

level financial 

contracts 

Justifies the 

classification of 

selected transition 

minerals as 

security-sensitive 

IRENA and 

NUPI (2024) 

Ranking 

critical 

materials for 

the energy 

transition 

Multi-indicator 

criticality 

ranking 

Provides a 

structured approach 

to identifying 

globally critical 

materials for 

renewable-energy 

applications 

Does not examine 

loan-event data, 

financing 

premiums, or 

Chinese official 

finance 

Supports the 

paper’s mineral 

criticality framing 

and security-

premium rationale 

AidData 

(2026) 

Chinese 

official 

financing for 

transition 

minerals 

Project-level 

dataset covering 

Chinese official 

financial 

commitments 

from 2000 to 

2023 

Provides granular 

loan-event, 

financier, mineral, 

ownership, 

collateral, and 

governance 

information 

Dataset is 

descriptive and 

requires analytical 

modeling to 

measure premiums 

and mitigation 

effects 

Serves as the main 

empirical source 

for measuring 

financing-based 

security premiums 

Ekins (2026) Financing 

responsible 

supply of 

energy-

transition 

minerals 

Policy and 

responsible-

finance analysis 

Argues that 

sustainable mineral 

supply depends on 

responsible 

financing and 

governance 

Does not 

empirically test 

mitigation effects 

using loan-level 

data 

Supports the 

paper’s financial 

governance 

mitigation 

framework 

UNEP (2025) Responsible 

financing and 

investment in 

energy-

Policy report Emphasizes 

sustainable finance, 

human rights, 

environmental 

Does not provide a 

quantitative 

security-premium 

model 

Reinforces the 

importance of 

governance 

safeguards in 
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Author(s) / 

Source 

Main Focus Data / Method Key Contribution Limitation or Gap Relevance to 

Present Study 

transition 

minerals 

protection, and 

responsible 

investment in 

mineral supply 

chains 

transition-mineral 

finance 

Present study Critical metal 

security 

premiums and 

financial 

governance 

mitigation 

effects 

AidData 

Chinese 

transition-

mineral finance 

dataset; loan-

event-level 

analysis 

Measures security 

premiums through 

financing size, 

interest rates, 

margins, 

collateralization, 

commodity 

backing, 

ownership, and 

product control; 

tests governance 

mitigation effects 

Focuses on 

financing-based 

premiums rather 

than spot-market 

commodity-price 

premiums 

Contributes a new 

empirical 

framework linking 

critical mineral 

security, Chinese 

official finance, 

and financial 

governance 

The comparison shows that this paper sits at the intersection of three research areas: critical mineral security, 

transition-mineral finance, and financial governance. Existing studies establish that critical minerals are essential for 

the transition and that supply chains are exposed to concentration and governance risks. They have not sufficiently 

examined how security premiums are embedded in financing contracts before minerals reach the commodity market. 

The paper therefore shifts the measurement of critical metal security premiums from market prices alone to project-

level financial structures, and it tests whether governance mechanisms mitigate those premiums. In doing so, it links 

resource-security analysis with financial-governance theory. 

 

3. RESEARCH GAP 

Although previous studies have examined critical minerals through supply concentration, demand growth, geopolitical 

risk, refining dominance, and commodity-market volatility, limited research has measured how the strategic value of 

transition minerals is embedded in project-level financing structures. Existing literature also discusses China’s role in 

global critical mineral supply chains, but it rarely tests whether Chinese official finance provides larger or costlier 

commitments for security-sensitive metals such as copper, cobalt, nickel, lithium, and rare earth elements. In addition, 

the role of financial governance in reducing such premiums remains underexplored, particularly through mechanisms 

such as co-financing, multilateral involvement, non-public debt exposure, host-government ownership, local 

procurement, local employment, workforce development, and rehabilitation planning. This study addresses that gap 

by developing a financing-based framework for measuring critical metal security premiums and by examining whether 

financial governance mechanisms mitigate these premiums in Chinese official financing for transition-mineral projects 

during the global energy transition. 

 

4. DATA AND METHODS 

4.1 Dataset 

This study uses AidData’s Chinese Financing for Transition Minerals Dataset, Version 2.0, which records China’s 

official-sector grant and loan commitments for transition-mineral extraction, processing, and commodity-trading 

activities from 2000 to 2023 [9]. The dataset aligns directly with the purpose of this paper because it provides project-

level and loan-event-level evidence on how Chinese official finance is allocated across transition minerals, host 

countries, financing structures, ownership arrangements, collateralization, commodity backing, and governance-

related safeguards. According to the dataset documentation, the full dataset covers Chinese official financial 

commitments related to 32 transition minerals across 47 countries, while the recommended aggregate loan-event 

sample used in this study contains 311 loan-event records, including 293 loans, 16 debt-rescheduling records, one 

grant record, and one vague or TBD flow-type record. The total identified Chinese official financing amount in the 

recommended aggregate sample is approximately US$98.11 billion in constant 2023 US dollars. The dataset is 

therefore suitable for measuring critical metal security premiums through financing behavior rather than through 

commodity spot-market prices. 

The dataset contains four main analytical views: Financial Contribution, Loan Event, Organization Role, and Mineral 

Operation Ownership. The Loan Event view is the primary dataset for this paper because each row represents a 

complete financing event linked to a specific loan agreement, mineral activity, host country, financier structure, and 
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financing amount. This view is used to measure the main dependent variables, including the size of Chinese official 

financing, the interest rate at commitment, and the margin on reference rate. The Financial Contribution view records 

creditor-level contributions and is useful for identifying the role of individual Chinese official financiers. The 

Organization Role view records all organizations involved in each mineral-finance event, including financiers, co-

financiers, recipients, implementers, guarantors, collateral providers, and project owners. The Mineral Operation 

Ownership view identifies equity ownership in mining or processing operations and is used to understand Chinese 

ownership, host-government ownership, and broader control structures. Together, these views connect financing, 

mineral security, ownership, and governance in one empirical framework. 

The key identity variables in the dataset are essential for avoiding double counting and for ensuring consistent analysis. 

Loan_Event_ID identifies each financing event and is the main unit of analysis. AidData_Record_ID identifies 

individual financial contributions by specific Chinese official creditors or donors and is used mainly in the Financial 

Contribution view. Investors_Ownership_ID links financing events to ownership structures in mineral operations, 

while Mining_Site_ID identifies the relevant mining or processing site where such information is available. 

Country_of_Activity and Region_of_Activity identify the host-country and regional location of the financed activity. 

Transition_Minerals and Primary_Minerals identify the minerals involved in each project, while 

Primary_Mining_Activity identifies whether the activity relates to mine development, mine acquisition, processing, 

working capital, commodity trade, or other purposes. These identity variables make it possible to classify the dataset 

by country, region, mineral type, project activity, financing structure, and ownership or control relationship. Table 2 

summarizes the four dataset views, their main identifying variables, their size in number of rows, and the analytical 

role each view plays in this study. 

 

Table 2. Dataset Views and Analytical Use in This Study 

Dataset view Main identity variable Number of rows Main purpose in this study 

Financial 

Contribution 

AidData_Record_ID 492 Identifies individual Chinese official 

financial contributions and creditor-

level financing participation 

Loan Event Loan_Event_ID 331 total; 311 

recommended for 

aggregate 

analysis 

Main analytical sample for measuring 

financing amount, loan pricing, security 

premiums, and governance mitigation 

Organization Role Loan_Event_ID; 

Organization_Name; 

Organization_Role 

3,867 Identifies financiers, co-financiers, 

recipients, implementers, guarantors, 

collateral providers, and other 

participating organizations 

Mineral Operation 

Ownership 

Investors_Ownership_ID; 

Mining_Site_ID 

306 Identifies equity ownership, operator 

ownership, Chinese ownership, host-

government ownership, and control 

structures 

For this paper, the most important analytical classification is the distinction between security-sensitive critical metals 

and other transition minerals. Guided by the title and the energy-transition focus of the study, copper, cobalt, nickel, 

lithium, and rare earth elements form the core security-sensitive group. These minerals are highly relevant to 

electrification, battery production, renewable-energy technologies, and clean-energy industrial supply chains. The 

remaining transition minerals form the comparison group. This classification allows the study to test whether 

strategically important minerals receive larger financing commitments, higher interest rates, wider loan margins, 

stronger collateral requirements, greater commodity-backed financing, or stronger Chinese ownership and product-

control arrangements. In this way, the dataset operationalizes the concept of critical metal security premiums using 

financing variables rather than market-price variables. 

The main dependent variables are drawn from the Loan Event view. The first is 

Chinese_Official_Funding_Amount_Constant_USD_2023, which measures the size of Chinese official financing in 

constant 2023 US dollars and captures the financing-intensity component of the premium. The second is 

Interest_at_T0, which measures the interest rate at the time of commitment and captures the loan-pricing component. 

The third is Margin_on_Reference_Rate, which captures the spread above the reference rate and is especially useful 

for identifying risk-pricing differences across mineral groups and governance conditions. Together, these variables 

allow the study to measure whether security-sensitive critical metals carry larger or costlier financing commitments. 

The independent variables capture mineral security, financial control, and governance mitigation. The main mineral-

security variable is a binary indicator identifying whether a loan event involves copper, cobalt, nickel, lithium, or rare 
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earth elements. Additional security and control variables include Collateralized, Commodity_backed, 

Chinese_Control_of_Mineral_Products, and Level_of_Chinese_Ownership. These variables show whether the 

financing arrangement is linked to collateral, commodity-backed repayment, Chinese product-control rights, or 

Chinese ownership. They are central to the paper because they reveal how strategic access can be embedded in 

financial contracts and ownership structures. The governance-mitigation variables are drawn from the Loan Event and 

Ownership views. They include Involving_Non_Chinese_Financier, Non_Chinese_Financing_Percent, 

Involving_Multilateral, PPG_Debt_Status, Level_of_Public_Liability, Level_of_Host_Government_Ownership, 

Requirement_for_Local_Procurement, Requirement_for_Local_Employment, Workforce_Development, and 

Rehabilitation_and_Post_Closure_Plan. These variables are used to examine whether financial governance 

mechanisms reduce the premium associated with security-sensitive metals. Table 3 lists these variables in three groups, 

dependent, security and control, and governance, together with the underlying dataset field and the meaning assigned 

to each variable in this study. 

 

Table 3. Main Variables Used for Measuring Security Premiums and Governance Mitigation 

Variable identity Dataset variable Meaning in this study 

Financing premium Chinese_Official_Funding_Amou

nt_Constant_USD_2023 

Measures the size of Chinese official financing 

committed to transition-mineral projects 

Loan-pricing 

premium 

Interest_at_T0 Measures the interest rate at the time of commitment 

Spread premium Margin_on_Reference_Rate Measures the margin above the loan reference rate 

Critical metal 

identity 

Transition_Minerals; 

Primary_Minerals 

Identifies whether the project involves copper, cobalt, 

nickel, lithium, rare earth elements, or other transition 

minerals 

Project activity 

identity 

Primary_Mining_Activity; 

Mining_Activity_Detail 

Identifies whether finance supports mine development, 

acquisition, processing, working capital, or mineral 

trade 

Geographic identity Country_of_Activity; 

Region_of_Activity 

Identifies the host country and region of each financed 

activity 

Chinese control 

identity 

Level_of_Chinese_Ownership; 

Chinese_Control_of_Mineral_Pro

ducts 

Measures Chinese ownership and product-control 

arrangements 

Collateral identity Collateralized; Collateral; 

Collateral_Provider 

Identifies whether the loan is secured through 

collateral and who provides it 

Commodity-backed 

identity 

Commodity_backed; Commodity Identifies whether repayment or security is linked to 

commodity flows 

Co-financing 

governance 

Involving_Non_Chinese_Financie

r; 

Non_Chinese_Financing_Percent 

Measures financial diversification through non-

Chinese co-financiers 

Multilateral 

governance 

Involving_Multilateral Identifies whether multilateral actors are involved in 

the financing structure 

Debt-risk 

governance 

PPG_Debt_Status; 

Level_of_Public_Liability 

Measures whether the loan creates public or publicly 

guaranteed debt exposure 

Host-country 

governance 

Level_of_Host_Government_Own

ership 

Captures host-government ownership or participation 

in mineral operations 

Local-development 

governance 

Requirement_for_Local_Procurem

ent; 

Requirement_for_Local_Employm

ent; Workforce_Development 

Measures whether the project includes local 

procurement, local employment, or workforce-

development requirements 

Environmental 

governance 

Rehabilitation_and_Post_Closure_

Plan 

Measures whether the project includes rehabilitation 

or post-closure planning 
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The final analytical sample is constructed using Recommended_for_Aggregates, which identifies records suitable for 

aggregate analysis and helps avoid double counting across related financial contributions and loan events. This 

filtering matters because syndicated loans or multi-creditor arrangements may appear in different views. Using the 

recommended aggregate loan-event sample ensures that each financing event is counted once in the main analysis. 

The study therefore uses the Loan Event view as its main empirical base and draws on the other views to explain 

creditor identity, organization roles, ownership structures, and governance mechanisms. The dataset does not contain 

global spot prices, futures prices, or market-trading data for metals. This study therefore measures security premiums 

not as commodity-market price premiums, but as financing-based security premiums, reflected in loan-event size, 

interest rates, reference-rate margins, collateralization, commodity-backed finance, Chinese ownership, and product-

control structures. 

4.2 Data Preprocessing 

The dataset was preprocessed so that the empirical analysis matched the objective of measuring critical metal security 

premiums and examining financial governance mitigation effects. First, the AidData dataset was reviewed across its 

main views, including loan-event information, financial contributions, organization roles, and mineral-operation 

ownership. The Loan Event view was selected for the main analysis because it provides the most suitable unit of 

observation: each row represents a financing event linked to a specific transition-mineral activity, host country, 

financing amount, loan-pricing condition, ownership structure, collateral arrangement, commodity-backed feature, 

and governance safeguard. To avoid double counting, only records recommended for aggregate loan-event analysis 

were retained, while duplicate creditor-level entries and overlapping financial-contribution records were excluded 

from the main estimation sample. 

Second, all financial variables were cleaned and standardized. The variable measuring Chinese official financing 

amount was converted into a consistent numeric format and expressed in constant 2023 US dollars, allowing 

comparison across years and countries. Because financing amounts are highly skewed in large-scale mineral and 

infrastructure lending, the natural logarithm of the financing amount was used as the main financing-premium 

indicator. Loan-pricing variables, including the interest rate at commitment and the margin on reference rate, were 

also converted into numeric form and checked for missing or non-standard values. Observations with missing values 

in a specific dependent variable were excluded only from the relevant model, while they were retained for descriptive 

or control analyses where the necessary information was available. 

Third, mineral identities were standardized to classify each financing event according to its transition-mineral 

exposure. A core security-sensitive critical metal indicator was created for loan events involving copper, cobalt, nickel, 

lithium, and rare earth elements, because these minerals are directly linked to electrification, batteries, renewable-

energy technologies, and clean-energy industrial supply chains. Other transition minerals were retained as the 

comparison group. For events involving multiple minerals, mineral names were harmonized and used to identify 

whether at least one core security-sensitive mineral was present. In descriptive mineral-allocation analysis, multi-

mineral records were treated carefully to avoid overstating mineral exposure, while the regression analysis used the 

binary critical-metal classification. 

Fourth, the study constructed financing-based measures of the critical metal security premium. The first measure was 

the logged value of the financing amount, capturing whether strategic minerals attract larger commitments. The second 

was the interest rate at commitment, capturing the direct loan-pricing component. The third was the margin on 

reference rate, capturing the spread or risk-pricing component. These measures are appropriate because the dataset 

does not contain global commodity spot or futures prices, so the premium is measured through project-level financial 

behavior rather than market-price movements. Fifth, financial governance mitigation variables were cleaned and 

converted into usable indicators, including non-Chinese co-financier involvement, share of non-Chinese financing, 

multilateral participation, public or publicly guaranteed debt status, public-liability exposure, host-government 

ownership, local procurement and employment requirements, workforce development, and rehabilitation or post-

closure planning. A composite financial governance mitigation index was then constructed from these variables, with 

higher values indicating stronger governance characteristics. Finally, additional control variables were prepared to 

reduce omitted-variable bias, classifying financing events by host region, host country, financing period, mineral 

activity type, and project purpose. 

4.3 Operational Label Derivation 

To align the analysis with the title of the study, the first operational label derived from the dataset is the critical metal 

security premium. This label identifies whether a loan event involved minerals that are strategically important for the 

transition, particularly copper, cobalt, nickel, lithium, and rare earth elements. Financing events involving at least one 

of these minerals were assigned the critical-metal label, while other transition-mineral events formed the comparison 

group. The premium itself was operationalized through financing-based indicators, namely the financing amount, the 

interest rate at commitment, and the margin on reference rate. 

The second operational label is the strategic control and security-structure label, which captures whether financing 

arrangements contained mechanisms that strengthen access, repayment security, or mineral control. It was derived 
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from variables related to collateralization, commodity-backed finance, Chinese ownership, and Chinese control of 

mineral products. A financing event was treated as having a stronger security-control structure when it involved 

collateral, commodity-backed repayment, significant Chinese ownership, or product-control arrangements. These 

indicators show how strategic access can be embedded in financial contracts and ownership structures rather than only 

reflected in commodity-market prices. The third operational label is the financial governance mitigation label, which 

identifies whether a financing event contained governance mechanisms that may reduce risk, improve transparency, 

diversify financing exposure, or support host-country development. It was derived from variables such as non-Chinese 

co-financier involvement, multilateral participation, non-public or non-guaranteed debt status, host-government 

ownership, local procurement and employment requirements, workforce development, and rehabilitation or post-

closure planning. Events with stronger governance features were classified as having higher mitigation potential. 

4.4 Exploratory Data Analysis 

Exploratory analysis was conducted to examine whether the dataset provides initial evidence of critical metal security 

premiums and financial governance mitigation effects. The recommended aggregate loan-event sample contains 311 

financing records, of which 292 report usable financing amounts. The total identified financing volume is 

approximately US$98.11 billion in constant 2023 US dollars. Chinese official transition-mineral finance expanded 

substantially after 2008. As shown in Figure 1, financing increased from approximately US$4.61 billion during 2000 

to 2007 to US$53.13 billion during 2008 to 2015, and remained high at US$40.38 billion during 2016 to 2023. Chinese 

official finance therefore became increasingly connected to transition-mineral access during the period in which clean-

energy technologies, battery supply chains, and mineral-security concerns intensified. 

 

 
Figure 1. Chinese official transition-mineral financing by period (US$ billion, constant 2023). 

 

The regional distribution shows a strong concentration in resource-rich regions. America received the largest amount 

of Chinese official transition-mineral financing, with approximately US$34.91 billion, followed by Africa with 

US$21.99 billion and Asia with US$20.40 billion. Europe and Oceania each received slightly above US$10 billion, 

while the Middle East accounted for a very small share. This pattern matters because critical metal security is shaped 

not only by mineral type but also by the geography of resource access. The concentration of financing in America, 

Africa, and Asia suggests that Chinese official finance is closely linked to regions that host strategically important 

transition-mineral deposits and mining operations. 

Mineral-level exploration supports the paper’s central argument that financing is concentrated in security-sensitive 

critical metals. Using fractional allocation across multi-mineral projects, copper receives the largest exposure, with 

approximately US$34.31 billion, followed by silver, cobalt, nickel, molybdenum, zinc, and lithium. As summarized 

in Figure 2, the core security-sensitive group of copper, cobalt, nickel, lithium, and rare earth elements accounts for 

approximately US$87.55 billion, compared with US$10.57 billion for other transition minerals. The average financing 

amount is also higher for security-sensitive metals, at approximately US$350.19 million per event, compared with 

US$251.58 million for other transition minerals. This provides initial descriptive evidence that strategically important 

minerals receive larger commitments, consistent with a financing-based critical metal security premium. 
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Figure 2. Financing for security-sensitive critical metals versus other transition minerals: (a) total financing 

and (b) average financing per event. 

 

The loan-pricing indicators also show preliminary evidence of a premium. As shown in Figure 3, the average interest 

rate at commitment is approximately 4.05 percent for security-sensitive critical metals, compared with 3.12 percent 

for other transition minerals. The average margin on reference rate is approximately 2.86 percent for security-sensitive 

metals, compared with 2.40 percent for other transition minerals. These descriptive differences suggest that the 

premium may appear not only through larger volumes but also through higher pricing. They should be read as 

exploratory, because loan pricing may also be influenced by host-country risk, project activity, repayment structure, 

maturity, collateralization, and financing period. 

 

 
Figure 3. Average loan-pricing indicators by mineral group: interest rate at commitment and margin on 

reference rate. 

 

Financial governance mechanisms are unevenly distributed across the portfolio. As shown in Figure 4, non-public or 

non-publicly guaranteed debt status covers approximately 88.9 percent of the total financing amount, suggesting that 

much of the financing does not directly create public or publicly guaranteed debt exposure. Workforce development 

is associated with approximately 58.8 percent of financing, local employment requirements with 50.7 percent, 

rehabilitation or post-closure planning with 45.6 percent, and local procurement requirements with 34.9 percent. Host-

government significant or majority ownership is present in approximately 21.7 percent of financing, while non-

Chinese co-financier involvement and multilateral involvement remain limited at 12.7 percent and 1.3 percent, 
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respectively. Some project-level safeguards are therefore common, but international financial diversification and 

multilateral oversight are relatively weak. 

 

 
Figure 4. Prevalence of financial governance mechanisms as a share of total financing. 

 

Overall, the exploratory analysis confirms that the dataset is suitable for the paper’s research problem. Chinese official 

financing is concentrated after 2008, directed toward major resource-hosting regions, and heavily associated with 

security-sensitive minerals such as copper, cobalt, nickel, lithium, and rare earth elements. These minerals receive 

larger average commitments and higher raw loan-pricing indicators than other transition minerals, supporting the 

initial presence of a financing-based critical metal security premium. Governance-related variables such as workforce 

development, local employment, local procurement, rehabilitation planning, and debt-risk limitation provide a basis 

for testing whether governance mechanisms mitigate such premiums. These findings justify the formal empirical 

models that follow. 

4.5 Methodology 

4.5.1 Research Design 

This study uses a quantitative loan-event-level research design to measure critical metal security premiums and to 

examine financial governance mitigation effects in Chinese official financing for transition-mineral projects. The 

analysis is based on AidData’s Chinese Financing for Transition Minerals Dataset, Version 2.0, where each 

recommended aggregate loan event is treated as the main unit of observation. 

4.5.2 Measurement of Security Premiums 

Critical metal security premiums are measured through three financing-based indicators: the logarithm of Chinese 

official financing amount in constant 2023 US dollars, the interest rate at commitment, and the margin on reference 

rate. A binary critical-metal indicator is created for financing events involving copper, cobalt, nickel, lithium, or rare 

earth elements, while other transition minerals form the comparison group. 

4.5.3 Governance Mitigation Measures 

Financial governance mitigation is measured using variables related to non-Chinese co-financing, multilateral 

involvement, non-public debt exposure, host-government ownership, local procurement, local employment, workforce 

development, and rehabilitation or post-closure planning. These indicators capture whether governance safeguards 

reduce the financial cost, risk exposure, or control intensity associated with strategic mineral access. 

4.5.4 Empirical Strategy 

The empirical strategy first compares descriptive differences between security-sensitive critical metals and other 

transition minerals. It then estimates regression models to test whether critical-metal identity is associated with larger 

or costlier financing commitments, and whether governance mechanisms mitigate these premiums. Control variables 

for region, financing period, and project activity are included, and robust standard errors are applied to address 

heteroskedasticity. Because the dataset is observational, the results are interpreted as financing-based associations 

rather than strict causal effects. 
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4.6 Model Development 

The model development stage measures whether security-sensitive critical metals receive a financing premium and 

whether financial governance mechanisms mitigate that premium. Because the dataset does not contain commodity 

spot or futures prices, the study develops a financing-based security premium model using loan-event-level indicators. 

The main analytical unit is the recommended aggregate loan event. Three dependent variables capture different 

dimensions of the premium: the logarithm of Chinese official financing amount, the interest rate at commitment, and 

the margin on reference rate. The key explanatory variable is the critical metal indicator, which equals one when a 

loan event involves copper, cobalt, nickel, lithium, or rare earth elements, and zero otherwise. These minerals are 

treated as security-sensitive because they are central to electrification, battery production, renewable-energy 

technologies, and clean-energy manufacturing. 

The first model estimates the financing-size premium, testing whether security-sensitive critical metals receive larger 

commitments than other transition minerals. The dependent variable is the natural logarithm of the financing amount 

in constant 2023 US dollars, a transformation used because mineral-finance amounts are highly skewed, with some 

very large loan events. The second model estimates the loan-pricing premium, using the interest rate at commitment, 

and tests whether security-sensitive metals are associated with higher borrowing costs at commitment. The third model 

estimates the spread premium, using the margin on reference rate, and captures the risk-pricing component of loan 

finance, which is especially important for identifying whether governance mechanisms reduce financing costs. 

To examine financial governance mitigation, a governance mitigation index was developed using project-level and 

financing-level indicators. The index includes non-Chinese co-financier involvement, multilateral participation, non-

public or non-publicly guaranteed debt status, host-government ownership, local procurement and employment 

requirements, workforce development, and rehabilitation or post-closure planning. These variables represent 

mechanisms that may reduce project risk, diversify financing exposure, improve local development benefits, and 

strengthen institutional safeguards. The interaction between the critical metal indicator and the governance mitigation 

index is included to test whether governance mechanisms weaken the financing or pricing premium associated with 

security-sensitive metals. The general model is specified as follows. 

Security Premium Indicator = β₀ + β₁ Critical Metal + β₂ Governance Mitigation + β₃ (Critical Metal × Governance 

Mitigation) + β₄ Controls + ε 

Each term in the equation has a specific meaning. The dependent term, the security premium indicator, refers 

separately to three outcomes estimated in three models: the natural logarithm of the Chinese official financing amount 

in constant 2023 US dollars in Model 1, the interest rate at commitment in Model 2, and the margin on reference rate 

in Model 3. The term Critical Metal is the binary indicator that equals one when a loan event involves copper, cobalt, 

nickel, lithium, or rare earth elements, and zero otherwise. The term Governance Mitigation is the composite 

governance mitigation index constructed from the non-Chinese co-financing, multilateral, non-public debt, host-

government ownership, local procurement, local employment, workforce-development, and rehabilitation variables 

described above. The term (Critical Metal × Governance Mitigation) is the interaction between the critical-metal 

indicator and the governance index. The term Controls is the vector of control variables for region, financing period, 

and project activity type, which account for geographic, temporal, and operational differences across loan events. The 

coefficient β₀ is the constant, or intercept, which captures the baseline level of the security premium indicator when 

all explanatory variables equal zero. The coefficient β₁ measures the direct premium associated with security-sensitive 

critical metals. The coefficient β₂ measures the independent effect of governance mitigation. The interaction 

coefficient β₃ is the main mitigation parameter, and a negative value indicates that governance mechanisms reduce the 

premium associated with critical metal financing. The coefficient β₄ is the vector of coefficients on the control 

variables. The final term ε is the error term, which captures unobserved factors that affect the outcome but are not 

included in the model. Robust standard errors are applied because financing amounts and loan-pricing variables vary 

substantially across minerals, countries, and project types. 

Table 4 sets out the three-model framework in full. For each model it identifies the dependent variable, the main 

explanatory variable, the governance variable and its interaction term, the control variables, and the specific hypothesis 

the model is designed to test. 

 

Table 4. Model Development Framework 

Model Dependent 

variable 

Main explanatory 

variable 

Governance 

variable 

Control 

variables 

Purpose 

Model 1: 

Financing-size 

premium 

Log of Chinese 

official financing 

amount in constant 

2023 US dollars 

Critical metal 

indicator for 

copper, cobalt, 

nickel, lithium, and 

rare earth elements 

Governance 

mitigation index 

and its 

interaction with 

Region, 

financing 

period, and 

project activity 

type 

Tests whether 

security-

sensitive critical 

metals receive 
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Model Dependent 

variable 

Main explanatory 

variable 

Governance 

variable 

Control 

variables 

Purpose 

the critical metal 

indicator 

larger financing 

commitments 

Model 2: Loan-

pricing 

premium 

Interest rate at 

commitment 

Critical metal 

indicator for 

copper, cobalt, 

nickel, lithium, and 

rare earth elements 

Governance 

mitigation index 

and its 

interaction with 

the critical metal 

indicator 

Region, 

financing 

period, and 

project activity 

type 

Tests whether 

security-

sensitive critical 

metals are 

associated with 

higher loan-

pricing costs 

Model 3: 

Spread 

premium 

Margin on 

reference rate 

Critical metal 

indicator for 

copper, cobalt, 

nickel, lithium, and 

rare earth elements 

Governance 

mitigation index 

and its 

interaction with 

the critical metal 

indicator 

Region, 

financing 

period, and 

project activity 

type 

Tests whether 

governance 

mechanisms 

reduce the risk-

pricing 

component of 

critical metal 

finance 

The framework aligns directly with the title of the study. It first measures critical metal security premiums through 

financing amount, interest rate, and loan-margin indicators, and then evaluates whether financial governance 

mechanisms mitigate these premiums. This design moves beyond descriptive mineral-security discussion and formally 

examines how strategic access to transition minerals is priced and governed through Chinese official finance 

 

5. RESULTS AND DISCUSSION 

5.1 Descriptive Evidence of Critical Metal Security Premiums 

The results show clear descriptive evidence that Chinese official transition-mineral finance is concentrated in security-

sensitive critical metals. In the recommended aggregate loan-event sample, the total identified financing amount is 

approximately US$98.11 billion in constant 2023 US dollars. Financing events involving copper, cobalt, nickel, 

lithium, and rare earth elements account for approximately US$87.55 billion, while other transition minerals account 

for only US$10.57 billion. The majority of Chinese official financing is therefore directed toward minerals that are 

central to electrification, battery manufacturing, renewable-energy technologies, and clean-energy industrial supply 

chains. The average financing amount is also higher for security-sensitive metals, at approximately US$350.19 million 

per event, compared with US$251.58 million for other transition minerals. These findings, illustrated earlier in Figure 

2, support the core argument that critical metal security premiums can be observed through financing behavior, not 

only through commodity-market prices. 

The loan-pricing indicators provide additional evidence of a financing-based premium. The average interest rate at 

commitment is approximately 4.05 percent for security-sensitive critical metals, compared with 3.12 percent for other 

transition minerals. The average margin on reference rate is approximately 2.86 percent for security-sensitive metals, 

compared with 2.40 percent for other transition minerals. These descriptive differences, shown in Figure 3, suggest 

that critical metals may carry both a financing-size premium and a loan-pricing premium. Security-sensitive minerals 

tend to receive larger commitments and higher raw pricing indicators. The pattern is consistent with the theoretical 

argument that strategic access to transition minerals may be priced into financial contracts, ownership structures, and 

loan terms before the minerals enter global commodity markets. 

5.2 Regression Results 

The regression results clarify the relationship between critical-metal identity, financing premiums, and governance 

mitigation. Table 5 presents the key coefficients from the three empirical models. Model 1 uses the logarithm of 

Chinese official financing amount as the dependent variable, Model 2 uses the interest rate at commitment, and Model 

3 uses the margin on reference rate. All models include controls for region, financing period, and project activity type, 

and robust standard errors are applied. 

 

Table 5. Regression Results for Critical Metal Security Premiums and Governance Mitigation 

Variable Model 1: Log financing 

amount 

Model 2: Interest rate 

at commitment 

Model 3: Margin on 

reference rate 

Critical metal indicator 1.359 (p < 0.01) 0.820 (n.s.) -0.160 (n.s.) 
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Variable Model 1: Log financing 

amount 

Model 2: Interest rate 

at commitment 

Model 3: Margin on 

reference rate 

Governance mitigation index 2.210 (p < 0.05) -3.751 (p < 0.10) -2.804 (p < 0.01) 

Critical metal × governance 

mitigation 

-2.215 (p < 0.05) 1.634 (n.s.) 1.638 (p < 0.10) 

Region controls Yes Yes Yes 

Period controls Yes Yes Yes 

Project activity controls Yes Yes Yes 

Observations 292 104 75 

R-squared 0.198 0.476 0.396 

Note: Robust standard errors are used. Statistical significance is reported in parentheses; n.s. denotes a coefficient that 

is not statistically significant at the 0.10 level. 

 

Model 1 shows that the critical metal indicator has a positive and statistically significant coefficient of 1.359. After 

controlling for region, financing period, and project activity type, financing events involving copper, cobalt, nickel, 

lithium, or rare earth elements are associated with larger Chinese official commitments than other transition-mineral 

events. This provides the strongest formal evidence of a financing-size security premium. The interaction term 

between critical metal identity and the governance mitigation index is negative and significant at -2.215, indicating 

that governance mechanisms weaken the additional financing premium associated with security-sensitive metals. 

Stronger governance structures may reduce the need for unusually large strategic exposure, or they may distribute 

financing risk more effectively across institutional safeguards. 

Model 2 examines whether security-sensitive metals carry a higher loan-pricing premium through the interest rate at 

commitment. The coefficient for the critical metal indicator is positive at 0.820 but not statistically significant after 

controls are added. Although the raw descriptive results show higher average interest rates for security-sensitive 

metals, the controlled model suggests that this difference may partly reflect other project characteristics, such as 

region, financing period, project type, maturity, or financing structure. The governance mitigation index has a negative 

coefficient of -3.751, which is weakly significant and consistent with lower interest rates under stronger governance. 

The evidence for an interest-rate premium is therefore weaker than the evidence for a financing-size premium. 

Model 3 tests the margin on reference rate, which captures the spread or risk-pricing component of loan finance. The 

governance mitigation index has a negative and statistically significant coefficient of -2.804. Stronger governance-

mitigation mechanisms are therefore associated with lower loan margins. In practical terms, financing events with 

stronger governance features, such as co-financing, non-public debt exposure, local-development requirements, 

workforce development, and rehabilitation planning, appear to carry lower risk-pricing burdens. The critical metal 

indicator itself is not statistically significant in this model, at -0.160, meaning that the spread premium is not driven 

only by mineral identity. Governance quality plays a more important role in explaining the margin component of 

financing costs. 

5.3 Discussion of Findings 

The findings support the central argument that critical metal security premiums can be measured through project-level 

financing behavior. The strongest evidence appears in the financing-size model, where security-sensitive metals 

receive significantly larger commitments than other transition minerals. This is consistent with the view that strategic 

minerals such as copper, cobalt, nickel, lithium, and rare earth elements are not treated as ordinary mineral assets. 

Because these minerals are essential for batteries, electrification, renewable-energy technologies, and clean-energy 

manufacturing, Chinese official finance appears to allocate larger commitments toward projects involving them. 

Security value is embedded in financing structures before it appears in commodity-market prices. 

The findings also show that the security premium is multidimensional. Descriptive results indicate higher average 

financing amounts, higher average interest rates, and higher average margins for security-sensitive metals. The 

regression results, however, show that the most robust premium appears in financing size, while pricing effects depend 

more on governance and project characteristics. Chinese official finance may therefore express strategic mineral 

security primarily through the scale of commitments rather than only through higher interest rates. Larger volumes 

may reflect the strategic importance of securing long-term access, supporting Chinese-linked ownership, enabling 

mine acquisition or development, and strengthening supply-chain control. 

The governance results speak directly to the second part of the study’s title. The negative and significant interaction 

in the financing-size model suggests that governance mechanisms reduce the additional premium associated with 

critical metals. The negative and significant governance coefficient in the margin model indicates that stronger 

safeguards are associated with lower reference-rate margins. Financial governance can therefore mitigate the cost and 
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risk burden of critical metal finance. Mechanisms such as co-financing, non-public debt exposure, host-government 

ownership, local procurement, local employment, workforce development, and rehabilitation planning may reduce 

financial uncertainty, strengthen institutional legitimacy, and improve risk allocation. 

At the same time, governance mitigation is uneven. Descriptive analysis indicates that some mechanisms, such as non-

public debt status, workforce development, local employment requirements, and rehabilitation planning, are relatively 

common. International financial diversification remains limited, however, because non-Chinese co-financier 

involvement and multilateral participation account for a small share of total financing. Project-level safeguards may 

reduce some risks, but the overall financing structure remains strongly shaped by Chinese official finance. Governance 

mitigation exists, yet it does not fully transform the financing architecture into a broadly multilateral or highly 

diversified system. Overall, the evidence shows that financing is concentrated in security-sensitive metals, that these 

minerals receive larger commitments, and that governance mechanisms can reduce some components of the premium. 

Critical metal security premiums are therefore not only market-price phenomena. They can be observed in the size, 

pricing, and governance structure of project-level financing, which matters for the transition because mineral supply 

security depends not only on where minerals are located but also on how they are financed, controlled, and governed. 

5.4 Novelty and Contribution 

The novelty of this study lies in shifting the measurement of critical metal security premiums from commodity-market 

prices to project-level financing structures. Most prior criticality research reads risk from reserves, production shares, 

import dependence, trade concentration, substitutability, recycling potential, or spot prices. This study instead treats 

loan-event size, interest rates, reference-rate margins, collateralization, commodity backing, ownership, and product 

control as observable indicators of strategic value. The approach integrates productivity of financing, its pricing, its 

control structures, and its governance safeguards within a single empirical framework applied to a major but previously 

opaque segment of global mineral finance. To the authors’ knowledge, this is among the first studies to quantify a 

financing-based critical metal security premium using Chinese official transition-mineral finance and to test, within 

the same models, whether financial governance mechanisms mitigate that premium. The resulting evidence maps how 

strategic mineral access is financed, priced, controlled, and partially mitigated through governance, and it offers a 

template that can be extended to other financiers and datasets. 

5.5 Strengths and Limitations 

The study has several strengths. It uses a granular, project-level dataset that links financing to mineral identity, 

ownership, collateral, commodity backing, and governance safeguards, which allows a financing-based premium to 

be measured directly. It combines descriptive comparison with regression models that control for region, financing 

period, and project activity, and it applies robust standard errors. It also treats governance as a measurable financial 

variable rather than a background condition. The study has limitations that should be acknowledged honestly. It relies 

on a single dataset of Chinese official-sector finance, so the results describe Chinese official financing behavior and 

may not generalize to private capital or to other financiers. The dataset does not contain commodity spot or futures 

prices, so the analysis cannot compare financing-based premiums with market-price premiums directly. Some models 

rest on smaller subsamples, because loan-pricing variables are reported for fewer events than financing amounts, 

which reduces statistical power for the interest-rate and margin models. Because the data are observational, the 

estimates are financing-based associations rather than strict causal effects, and unobserved project or country 

characteristics may influence both mineral selection and financing terms. These limitations point directly to the future 

work outlined below. 

 

6. CONCLUSION 

This study examined critical metal security premiums in the global energy transition by using Chinese official 

financing for transition-mineral projects as a financing-based measure of strategic mineral value. Chinese official 

finance is strongly concentrated in security-sensitive critical metals, particularly copper, cobalt, nickel, lithium, and 

rare earth elements, which are central to electrification, battery production, renewable-energy technologies, and clean-

energy industrial supply chains. These minerals received substantially larger commitments than other transition 

minerals, at approximately US$87.55 billion against US$10.57 billion, and they showed higher raw loan-pricing 

indicators. The results support the central argument that critical metal security premiums are not limited to commodity-

market prices. They can also be observed in project-level financing behavior, loan size, financial terms, collateral 

arrangements, commodity-backed structures, ownership control, and product-control mechanisms. This financing-

based perspective provides a useful empirical framework for understanding how strategic mineral access is priced and 

secured before minerals enter global markets. 

The study also confirms that financial governance mechanisms can mitigate some components of the premium, 

although the mitigation effect is uneven. Governance features such as non-public debt exposure, host-government 

participation, workforce development, local employment and procurement requirements, and rehabilitation or post-

closure planning are associated with stronger institutional safeguards and, in some models, lower financing-cost 

pressure. The limited presence of non-Chinese co-financing and multilateral participation, however, suggests that 
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Chinese official transition-mineral finance remains relatively concentrated within China-linked structures. The 

findings contribute to the literature on critical mineral security, energy-transition finance, and global financial 

governance by showing that mineral security depends not only on geological supply and market prices, but also on 

how mineral projects are financed, governed, controlled, and embedded in long-term strategic supply chains. For 

practice, the results are relevant to critical mineral security policy, to sustainable and development finance, and to 

responsible-investment standards that seek to balance strategic access with transparency, risk sharing, and host-

country benefit. 

 

7. Future Work 

Future research can extend this study by combining project-level financing data with global commodity spot prices, 

futures prices, price volatility, and geopolitical-risk indicators to develop a broader measurement of critical metal 

security premiums [33]. Because the present study measures premiums through financing amount, loan-pricing terms, 

collateralization, commodity-backed finance, ownership control, and governance safeguards, future studies can 

compare financing-based premiums with market-based price premiums to test whether financial contracts anticipate 

supply-security risks before they appear in commodity markets. Further work can incorporate host-country 

institutional quality, ESG performance, mining regulations, political stability, and environmental-risk indicators to 

examine how domestic governance conditions influence the cost and structure of transition-mineral finance. 

Future work may also move beyond Chinese official finance by comparing it with financing from multilateral 

development banks, Western development finance institutions, private banks, and host-country public agencies. Such 

comparison would help determine whether critical metal security premiums are specific to Chinese official finance or 

represent a broader feature of global transition-mineral finance. In addition, future studies can analyze individual 

minerals separately, especially copper, cobalt, nickel, lithium, and rare earth elements, to identify whether each 

mineral carries a distinct type of security premium. This would provide deeper evidence on how the energy transition 

is reshaping mineral finance, supply-chain security, and financial governance across regions and strategic resource 

categories. 
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